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Resumen general

Introduccion

La obesidad infantil es un grave problema de salud publica a nivel mundial debido a
su alta prevalencia y al impacto negativo que tiene en la salud traducido en un mayor riesgo
de desarrollar enfermedades respiratorias, cardiovasculares y cardiometabdlicas,
problemas psicosociales, peor rendimiento académico y el desarrollo de obesidad en la
edad adulta. Se produce debido a un exceso de masa grasa consecuencia de un desequilibrio
energético en el que la ingesta supera al gasto energético. Este desequilibrio estd fomentado
por la inactividad fisica y los comportamientos sedentarios caracteristicos de la sociedad
actual, por lo que el ejercicio fisico serd la mejor estrategia para prevenir y/o tratar la
obesidad infantil, concretamente el entrenamiento concurrente combinando ejercicio
aerdbico y ejercicio de fuerza. Sin embargo, la baja adherencia a los programas de ejercicio
fisico por parte de jovenes con sobrepeso u obesidad limita su potencial o su efecto.

Los videojuegos activos (VJA) requieren movimiento corporal y por consiguiente un
gasto energético, por lo que pueden suponer una nueva y atractiva estrategia para promover
la actividad fisica y por tanto la salud, aumentando el gasto energético, sustituyendo las
conductas sedentarias y favoreciendo la mejora de la condicion fisica.

Metodologia

La presente Tesis Doctoral estd compuesta por 5 articulos cientificos, compuestos
por dos revisiones sistematicas elaboradas a partir de las indicaciones de la guia PRISMA,
y por 3 estudios originales del proyecto “Videojuegos activos frente a la obesidad y el
sedentarismo en nifios y nifias de 9 a 11 afios: una propuesta disruptiva”. La muestra final
fue de 66 nifios/as con sobrepeso u obesidad, de los cuales 31 tienen mediciones pre-
intervencion y post-intervencion. El estudio longitudinal incluyé a 21 nifios/as en el grupo

de intervencion con VJA y a 8 nifios/as en el grupo control. Se evalué la antropometria y
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la composicion corporal, la condicion cardiorrespiratoria y muscular, el nivel de actividad
fisica y el gasto energético durante las sesiones, la habilidad motriz (del grupo intervencioén
con VJA), la madurez sexual, varios pardmetros bioquimicos, la presion arterial y la dieta
y hébitos nutricionales. El programa de intervencién con VJA tuvo una duraciéon de 5
meses, con una frecuencia de 3 sesiones por semana de 60 minutos cada una, y se controld
la intensidad a través de la frecuencia cardiaca. El disefo del programa combindé VJA
usando 5 dispositivos diferentes (Nintendo Wii®, Xbox Kinect®, esterillas de baile,
BKOOL® ciclosimulador y Nintendo Ring Fit Adventures®) con ejercicio
multicomponente. El objetivo fue evaluar la efectividad de una intervencion de ejercicio
fisico con VJA combinados con ejercicio multicomponente para aumentar el gasto
energético y mejorar la condicion fisica y habilidad motriz en nifios/as prepuberales con
sobrepeso u obesidad.

Resultados

La evidencia cientifica resumida en las revisiones sistematicas con meta-analisis
realizadas muestra efectos positivos de intervenciones con VJA en el peso, el indice de
masa corporal (IMC), Z-Score de IMC, el porcentaje de grasa corporal y la masa grasa de
la poblacién infantil, sobre todo aquellos con sobrepeso u obesidad. Los resultados son
menos claros para la condicion cardiorrespiratoria, con mejoras en niflos/as con peso
saludable, pero sin posibilidad de realizar andlisis cuantitativo con la poblacion infantil con
sobrepeso u obesidad. La evidencia cientifica tampoco esclarece los efectos de los VJA en
la fuerza muscular ni en la habilidad motriz, y aunque los VJA parecen tener el potencial
para mejorar la fuerza y habilidad motriz, no se pudieron realizar andlisis cuantitativos.

La intervenciéon de ejercicio fisico con VJA combinados con ejercicio
multicomponente produjo un gasto caldrico de entre 4.35 y 5.68 kcal/min y mejoro la
composicion corporal de los nifios/as con una disminucion del porcentaje de grasa corporal
y del Z-Score del IMC. También mejord la condicion cardiorrespiratoria en intensidades
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submaximas, disminuyendo significativamente la frecuencia cardiaca y el consumo de
oxigeno (VO2) y los porcentajes de VO» durante las etapas submaximas del test maximo.
Ademas, el grupo de intervencion con VJA mostré una mejora significativa en los test de
fuerza y en la habilidad motriz, con un aumento significativo de la altura de salto en CMJ
y de los kilos de fuerza en la dinamometria manual.
Conclusion

Los VJA son efectivos para reducir o controlar el peso, el IMC y la grasa corporal,
especialmente en nifios/as con sobrepeso u obesidad, y parecen ser potencialmente
efectivos para mejorar la condicidn fisica y la habilidad motriz. Una intervencion de
ejercicio fisico con VJA combinados con ejercicio multicomponente es efectiva para
aumentar el gasto energético y mejorar la condicion fisica y habilidad motriz en nifios/as

prepuberales con sobrepeso u obesidad.
General abstract

Introduction

Childhood obesity is a major public health problem worldwide due to its high
prevalence and the negative impact on health in terms of increased risk of developing
respiratory, cardiovascular and cardiometabolic diseases, psychosocial problems, poorer
academic performance and the development of obesity in adulthood. It is caused by excess
fat mass resulting from an energy imbalance in which energy intake exceeds energy
expenditure. This imbalance is fostered by physical inactivity and sedentary behaviours
characteristic of today's society, so exercise is the best strategy to prevent and/or treat
childhood obesity, specifically concurrent training combining aerobic and strength
exercise. However, low adherence to exercise programs by overweight or obese youth

limits their potential or effect.
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Active video games (AVG) require body movement and therefore energy
expenditure, so they could be a new and attractive strategy to promote physical activity and
therefore health, increasing energy expenditure, replacing sedentary behaviours and
favouring the improvement of physical fitness.

Methodology

This doctoral thesis is made up of 5 scientific articles, composed of two systematic
reviews based on the PRISMA guidelines, and 3 original studies from the project "Active
video games against obesity and sedentary lifestyles in children aged 9 to 11 years: a
disruptive proposal". 66 overweight or obese children were included in the study, of which
31 have pre-intervention and post-intervention measurements. The longitudinal study
included 21 children in the AVG intervention group and 8 children in the control group.
Anthropometry and body composition, cardiorespiratory and muscular fitness, physical
activity, energy expenditure during the sessions, motor skills (of the AVG intervention
group), sexual maturation, biochemical parameters, blood pressure and diet and nutritional
habits were assessed. The AVG intervention program lasted 5 months, with a frequency of
3 sessions of 60 minutes per week, and intensity was monitored recording heart rate. The
program design combined AVG using 5 different devices (Nintendo Wii®, Xbox Kinect®,
dance mats, BKOOL® cyclosimulator and Nintendo Ring Fit Adventures®) with
multicomponent exercise. The main aim was to evaluate the effectiveness of an exercise
intervention with AVG combined with multicomponent exercise to increase energy
expenditure and improve physical fitness and motor skills in prepubertal children who are
overweight or obese.

Results

The scientific evidence of the systematic reviews with meta-analyses showed positive
effects of AVG interventions on weight, BMI, BMI Z-Score, body fat percentage and fat
mass in children, especially those who are overweight or obese. The results are less clear
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for cardiorespiratory endurance, with improvements in children with a healthy weight, but
with quantitative analysis not possible for overweight or obese children. The scientific
evidence is also unclear on the effects of AVG on muscle strength and motor skills, and
although AVG seem to potentially improve strength and motor skills, quantitative analyses
could not be performed.

The exercise intervention with AVG combined with multicomponent exercise
produced a caloric expenditure between 4.35 and 5.68 kcal/min and improved children's
body composition with a decrease in body fat percentage and BMI Z-Score. It also
improved cardiorespiratory fitness at submaximal intensities, with significant decreases in
heart rate and oxygen consumption (VO2) and VO, percentages during the submaximal
stages of the maximal test. In addition, the AVG intervention group showed a significant
improvement in strength testing and motor skills, with a significant increase in CMJ jump
height and kilograms of force in manual dynamometry.

Conclusions

AVG are effective in reducing or managing weight, BMI and body fat, especially in
children who are overweight or obese, and appear to be potentially effective in improving
physical fitness and motor skills. An intervention with AVG combined with
multicomponent exercise is effective in increasing energy expenditure and improving

physical fitness and motor skills in prepubertal children who are overweight or obese.
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1. Introduccion

La presente Tesis Doctoral tiene como objetivo investigar la eficacia o el efecto de
una intervencion con videojuegos activos (VJA) combinados con transiciones activas de
entrenamiento multicomponente en la condicion fisica (CF) de nifios y nifias con sobrepeso
u obesidad. Por ello, la introduccion se estructurara en los siguientes cuatro apartados: 1)
la obesidad infantil y sus causas, consecuencias y propuestas de actuacion; 2) los
comportamientos sedentarios, tiempos de pantallas y ocio sedentario asociado; 3) el
gjercicio como mejor estrategia para combatir la obesidad infantil, beneficios y la
limitacion de la baja adherencia al ejercicio y 4) la propuesta de los VJA como estrategia

de alianza con las nuevas tecnologias para promover la actividad fisica (AF).

1.1 La obesidad infantil

La obesidad es una compleja enfermedad multifactorial, definida como una
acumulacion anormal o excesiva de grasa que supone un riesgo para la salud. Se ha
identificado como un grave problema de salud publica a nivel mundial debido a su alta
prevalencia y al importante factor de discapacidad y muerte asociado en la region europea
de la Organizacion Mundial de la Salud (OMS) (1). La obesidad es uno de los factores de
riesgo de enfermedades no transmisible particularmente preocupante y tiene la capacidad
de disminuir la esperanza de vida (1).

La lucha contra la obesidad es un objetivo tan prioritario en la sociedad actual que se
tiene muy presente en el programa europeo de trabajo planificado por la OMS (2). Se han
propuesto y establecido varios marcos politicos y planes de accion para frenar el aumento
de la obesidad infantil, como la Conferencia Ministerial Europea contra la obesidad de 2006
(3), el Informe de la Comision para acabar con la obesidad infantil de 2016 (4), y los

Objetivos Mundiales de Nutricion 2025: Informe de politica sobre el sobrepeso infantil (5).
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La prevencion y el tratamiento de la obesidad adquiere incluso mayor importancia
durante la infancia y adolescencia, ya que los efectos positivos de las intervenciones en las
primeras etapas vitales, cuando la biologia es mas "plastica" o mas reactiva, pueden ser
mayores y sobre todo mas perdurables, principalmente porque los héabitos y estilo de vida
adquiridos durante la nifiez y adolescencia tienden a mantenerse en las etapas vitales

posteriores, como se muestra en la Figura 1.

Figura 1. Continuidad de hébitos y estilos de vida adquiridos.
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Fuente: La figura pertenece al informe de « WHO Consideration of the evidence on
childhood obesity for the Commission on Ending Childhood Obesity Report of the
Ad hoc Working Group on Science and Evidence for Ending Childhood Obesity».

(4) Licencia: Creative Commons (CC BY 3.0 IGO).

Bien es cierto que los factores de riesgo relacionados con las enfermedades no
transmisibles, como la hipertension arterial, el colesterol y la hiperglucemia, el consumo
de tabaco, la inactividad fisica y por supuesto el sobrepeso y la obesidad, no contribuyen
de forma significativa en los afios de vida ajustados por discapacidad (una medida de carga
de la enfermedad global expresada como el nimero de afos perdidos debidos a enfermedad,

discapacidad o muerte prematura); sin embargo, se convierten en importantes amenazas
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para la salud publica en etapas posteriores de la vida (6). Ademas, la forma de distribucion
de la grasa en el cuerpo determina las consecuencias negativas del exceso de grasa para la
salud, siendo la obesidad abdominal la peor para la salud, medida a través de la
circunferencia de cintura o el ratio cintura-altura, ya que estd estrechamente relacionada
con el riesgo cardiovascular (7). Un nifio/a se clasifica como con obesidad abdominal si el
ratio cintura-altura supera 0,5, con una circunferencia de cintura por encima del percentil
90 y con una grasa en el tronco elevada obtenida con una densitometria, en funcién de los
valores para una edad y sexo especificos (8). En definitiva, abordar la obesidad es clave

para promover la salud publica en Espafia como en el resto del mundo.

1.1.1 Prevalencia y evolucion

El sobrepeso y la obesidad son un grave problema comun en la Region Europea de la
OMS, ya que, en 2020, afectaba a 4,4 millones de nifios menores de 5 afios, lo que se
traduce en una prevalencia del 7,9% de los nifios de este grupo de edad (1). En la Figura 2
se puede ver que, en el grupo de edad de 5 a 9 afos, la prevalencia del sobrepeso y la
obesidad aumenta, con uno de cada ocho ninos, es decir el 11,6% de los nifios/as con
obesidad y casi uno de cada tres nifios/as con sobrepeso u obesidad, afectando al 29,5%.
La prevalencia disminuye ligeramente en el grupo de edad de 10 a 19 afios, con una
prevalencia de obesidad del 7,1% y el 24,9% con sobrepeso u obesidad, como se indica en

la Figura 3.
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Figura 2. Prevalencia de sobrepeso y obesidad entre los nifios de 5 a 9 afios en la
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Figura 3. Prevalencia de sobrepeso y obesidad entre los nifios de 10 a 19 afios en la

Europa de la OMS.
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Report 2022». (1) Licencia: Creative Commons (CC BY-NC-SA 3.0 IGO).

Cabe destacar que el sobrepeso y la obesidad son mas prevalentes en los varones y
en los paises de la cuenca mediterranea. Entre los afios 2015 y 2017 se reportaron casi uno
de cada tres nifios de 7 a 11 afios, concretamente el 29% de los nifios y el 27% de las nifas
con sobrepeso u obesidad, y aproximadamente uno de cada 10 con obesidad, con un 13%
de los nifos y un 9% de las nifias, como se muestra en la Figura 4. Datos de 2017-2018

revelan que la prevalencia de sobrepeso y obesidad era mayor entre los chicos en los grupos
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de edad de 11, 13 y 15 afios, y disminuia con la edad en ambos sexos, como se puede

observar en la Figura 5.

Figura 4. Prevalencia de sobrepeso y obesidad en nifios de 7 a 9 afios de 36 paises
de la Region Europea de la OMS por sexo.
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Fuente: La figura pertenece al informe de «WHO European Regional Obesity

Report 2022». (1) Licencia: Creative Commons (CC BY-NC-SA 3.0 1GO).

Figura 5. Prevalencia de sobrepeso y obesidad en adolescentes de 11, 13 y 15 afios

en paises europeos seleccionados por sexo.
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Report 2022». (1) Licencia: Creative Commons (CC BY-NC-SA 3.0 IGO).

Atendiendo a la tendencia de la prevalencia de sobrepeso u obesidad en comparacion
con las cifras de hace 40 afios, se puede observar que la prevalencia del sobrepeso y la
obesidad en nifios/as y adolescentes de entre 5 y 19 afios casi se ha triplicado en varones y
se ha duplicado con creces en las mujeres entre los afios 1975 y 2016. Esta tendencia

aparece representada en la Figura 6.
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Figura 6. Prevalencia de sobrepeso y obesidad en nifios y adolescentes de 5 a 19

afios en la Region Europea de la OMS por sexo entre los afios 1975 y 2016.
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Fuente: La figura pertenece al informe de «WHO European Regional Obesity

Report 2022». (1) Licencia: Creative Commons (CC BY-NC-SA 3.0 IGO).

Hay dos aspectos que afectan al riesgo de desarrollar sobrepeso u obesidad por parte
de los nifios: el nivel educativo de los padres y los ingresos de la familia. Los nifios de
familias con un nivel educativo alto de los padres mostraban una mayor prevalencia de
sobrepeso y obesidad que los nifios de familias con un nivel educativo de los padres mas

bajo. En cuanto a la economia familiar, en la mayoria de los paises europeos, se observo
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una mayor prevalencia en los individuos de familias con menores ingresos, una tendencia
que fue més aparente en los paises de ingresos altos.

En Espaiia, un 14,2% de la poblacion infanto-juvenil padece obesidad y un 20,7%
padece sobrepeso, haciendo un total de 34,9% de niflos/as y adolescentes con sobrepeso u
obesidad, ademas de que un 24,5% presenta obesidad abdominal (9). Espana ocupa el
cuarto puesto en cifras de sobrepeso y obesidad en infantes de entre 5 y 10 afios a nivel
europeo y el segundo lugar en nias de esa edad (9). La evolucion de la epidemia de exceso
de peso en Espana no esta siendo prometedora, como se puede ver en la Figura 7, mostrando
un incremento del 2% en sobrepeso u obesidad, desglosado en un aumento del 0,4% en
sobrepeso y de 1,6% en obesidad, ademas de un aumento preocupante de la obesidad
abdominal del 8,3% (9). Incluso en areas de mayor pobreza relativa las cifras de exceso de
peso pueden alcanzar hasta un porcentaje de entre 30 y 40% (9). Més concretamente en la
region de Aragon en el afio 2007, la prevalencia de sobrepeso fue de un 30% de los nifios
y un 33% de las nifias con sobrepeso, mientras que la prevalencia de obesidad fue de un

5% en ninos y un 8% en ninas (10).

Figura 7. Evolucion de la prevalencia de obesidad infantil y obesidad abdominal en

las dos ultimas décadas en Espafa - segiin IMC y CC/talla.
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Fuente: La figura pertenece al «Estudio PASOS (Physical Activity, Sedentarism
and Obesity of Spanish youth) - Resultados principales del estudio PASOS
2019 sobre la actividad fisica, los estilos de vida y la obesidad de la poblacion

espaiiola de 8 a 16 afios». (9)

1.1.2 Causas fisiologicas y sociales

La acumulacién excesiva de grasa que da lugar al sobrepeso y obesidad se produce
como consecuencia de un desequilibrio energético en el que la cantidad de energia ingerida
es mayor que el gasto energético. Este concepto de equilibrio energético puede parecer
simple, pero entraia una gran complejidad en la manera que se puede manifestar la ingesta
y/o el gasto energético, ademas de las interacciones e influencias que pueden ocurrir sobre

esa ingesta y ese gasto energético (1), como se ve en la Figura 8.

Figura 8. Causas de la obesidad: desequilibrio energético.
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Fuente: Elaboracion propia.

La elevada prevalencia de sobrepeso y obesidad surge como consecuencia de una
adaptacion y adecuacion tanto genética como biologica del ser humano con el objetivo
basico de supervivencia, adecuado desarrollo y adaptacion al medio, que ha hecho que el
cuerpo humano busque almacenar energia como estrategia de proteccion. Sin embargo, esta
estrategia de almacenaje de energia no solo no es necesaria, sino que es perjudicial en la
sociedad obesogénica actual, que ha surgido como consecuencia de cambios conductuales
y ambientales que afectan al equilibrio energético (1). El cambio ambiental se ha
caracterizado por una mayor disponibilidad y a un mejor precio de alimentos
hipercaldricos, pero menos beneficiosos desde el punto de vista nutricional. A este exceso
energético en la ingesta se le afiade el cambio conductual del ser humano hacia un menor
gasto de energia principalmente debido al desarrollo tecnologico que ha favorecido la
inactividad fisica y los comportamientos sedentarios tanto en las actividades de la vida
diaria como por ejemplo los desplazamientos como en el ocio. En nifios/as es determinante
el estilo de vida y los hébitos parentales, ya que son los que eligen los alimentos consumidos

por la familia y determinan las actividades desarrolladas durante el tiempo de ocio. Otro
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determinante importante en relacion a la participacion deportiva de los nifios/as es la
disponibilidad de tiempo. Todos estos factores van a afectar a la facilidad o no de

desarrollar sobrepeso u obesidad en los infantes.

1.1.3 Consecuencias

El tejido adiposo, ademas de su funcion de almacenamiento de energia en forma de
lipidos, es un 6rgano endocrino metabdlicamente activo, con células grasas (adipocitos)
que liberan y reciben hormonas. Esto puede provocar cambios en los patrones hormonales,
especialmente entre las personas con grasa abdominal. Los adipocitos liberan unas
sustancias denominadas adipocitoquinas, que se asocian a una serie de acciones sistémicas
o locales, como el metabolismo de la glucosa y los lipidos, el desarrollo celular, la
inflamacién y el estrés oxidativo, que pueden provocar una serie de problemas de salud
(11). Como se puede ver en la Figura 9, la obesidad a menudo conduce a una disminucion
de la plasticidad del tejido adiposo que, entre otras cosas, empeora la termogénesis que
produce una disminucion del gasto energético y promueve la inflamacion, y en tltima
instancia, estos cambios patoldgicos que empeoran la funcion del tejido adiposo conducen

a la resistencia a la insulina y a la enfermedad metabolica (12).
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Figura 9. Caracteristicas del tejido adiposo disfuncional.
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Fuente: La figura pertenece al articulo «Adipose-tissue plasticity in health and
disease». (12) Licencia: by Elsevier and Copyright Clearance Center

(License Number: 5457550726564).

La grasa visceral, que rodea los 6rganos dentro de la cavidad abdominal, tiene un
mayor impacto en la salud que la grasa subcutanea, ya que es mas activa biolégicamente,
tiene una mayor densidad de células, transporta mas flujo sanguineo y esta situada cerca de
la vena porta, lo que provoca una mayor concentracion de acidos grasos que llegan al
higado. El resultado es un aumento de las cantidades de 4cidos grasos que llegan al higado
y que afectan a la produccion de lipidos en la sangre. Se ha encontrado una asociacion entre
la grasa visceral y niveles mas altos de colesterol total, en particular de colesterol de baja
densidad (LDL), lo que también conduce a concentraciones mas bajas de colesterol de alta
densidad (HDL).

Segun datos recientes de 2022, los efectos negativos de la obesidad sobre la salud no
se derivan simplemente de un exceso de grasa, sino de la disminucion de su capacidad para

responder a los cambios o, en otras palabras, de su plasticidad (63). La composicion y el
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funcionamiento de este tejido cambian en respuesta a las fluctuaciones de peso y al
envejecimiento. A medida que la grasa disminuye su plasticidad debido al envejecimiento
y la obesidad, pierde su capacidad de responder a las sefiales corporales. En el modelo
actual de este fenémeno, el rapido crecimiento del tejido adiposo supera su suministro de
sangre, privando a las células grasas de oxigeno y provocando la acumulacion de células
que ya no se dividen. Esto conduce a los problemas metabolicos ya mencionados
anteriormente, como la resistencia a la insulina, la inflamacion y la muerte celular.

La masa y la actividad metabolica del tejido adiposo hacen que afecte a casi todos
los sistemas corporales, y el exceso de adiposidad tiene implicaciones para la salud a lo
largo de toda la vida, incluso en el periodo prenatal (13).

Como se puede observar en la Figura 10, el sobrepeso y la obesidad conllevan unas
consecuencias negativas para la salud. La principal consecuencia o perjuicio de la obesidad,
incluso en la nifiez, ocurre en el sistema circulatorio. El exceso de tejido adiposo estd
estrechamente relacionado con afecciones que conllevan un incremento del riesgo de
enfermedades cardiovasculares (ECV), que es la causa mas comun de muerte en Europa
(14). Entre estas afecciones se incluye el empeoramiento del perfil lipidico, dislipidemia,
aterosclerosis coronaria acelerada, hipertension, resistencia a la insulina y desarrollo de
diabetes tipo II, aumento de la coagulabilidad, disfuncién endotelial y la inflamacion

(14,15).

Figura 10. Consecuencias de la obesidad.
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Fuente: Elaboracion propia.

Otro sistema cuya funcion puede verse afectada como consecuencia del sobrepeso u
obesidad es el respiratorio, produciéndose un empeoramiento de la funcion respiratoria y
con mayor riesgo de apnea obstructiva del suefio y de desarrollar asma. Las funciones
metabolicas y endocrinas también se ven empeoradas, incrementandose el riesgo de
desarrollar patologias como diabetes tipo II, pubertad precoz y sindrome metabolico. Para
determinar que los pacientes padecen sindrome metabélico deben tener un Indice de Masa
Corporal (IMC) > 30 o una obesidad central especifica de la etnia definida por el perimetro
de la cintura, ademas de dos de las siguientes condiciones: Triglicéridos elevados (>150
mg/dL o 1,7 mmol/L), colesterol HDL reducido (< 40 mg/dL o 1,03 mmol/L en hombres y
< 50 mg/dL ol. 29 mmol/L en mujeres), presion arterial elevada (sistolica >130 mmHg;
diastolica >85 mmHg) y glucosa plasmatica en ayunas elevada (=100 mg/dL o 5,6 mmol/L)
o tratamiento especifico para esta anomalia lipidica o diabetes de tipo 2 o hipertension
previamente diagnosticada.

La funcion gastrointestinal y hepatica también se vera comprometida, con un mayor
riesgo de desarrollar patologias como reflujo gastroesofagico, pancreatitis, calculos biliares

y enfermedad hepatica no alcoholica.
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Del mismo modo, los individuos que viven con sobrepeso u obesidad tienen un mayor
riesgo de desarrollar varios tipos de cancer, siendo el riesgo de canceres dependientes de
hormonas (endocrinos) mayor para aquellos con obesidad abdominal. Los tipos de cancer
mas relacionados con el exceso de tejido adiposo son el cancer de endometrio, de mama
(mujeres posmenopausicas), de colon, de vesicula biliar, de pancreas, de higado, de rifion,
de cardias gastrico, de prostata, de tiroides y de sangre. Este riesgo incrementado de cancer
en personas con sobrepeso u obesidad ocurre principalmente en adultos, aunque se debe
tener en cuenta ya también en nifios debido a la tendencia de los nifios/as y adolescentes a
continuar con el exceso de masa grasa en la etapa adulta (16). De hecho, entre un 42% y
un 63% de los nifios/as con obesidad presentaran obesidad en la edad adulta (9). Ante la
probabilidad de que esta obesidad infantil perdure hasta la etapa adulta, se debe tener
presente que las consecuencias de este exceso de tejido adiposo pueden ser incluso mas
graves para la salud tanto a nivel individual como poblacional ya que una poblacion de
individuos con sobrepeso u obesidad habra estado expuesta al impacto del exceso de
adiposidad durante un largo periodo de tiempo.

Finalmente, los nifios/as y adolescentes con sobrepeso u obesidad se veran
especialmente afectados por problemas musculoesqueléticos debido al estrés y la carga
extra que sufren sus articulaciones, por lo que son mas propensos a sufrir problemas
articulares, riesgo de degeneracion articular, osteoartritis y mayor riesgo de osteoporosis y
de fracturas. Ademas, debido a la naturaleza de la etapa vital de la nifiez y adolescencia,
los nifios/as y adolescentes con sobrepeso u obesidad son especialmente vulnerables a los
efectos psicosociales y cognitivos negativos que tiene el exceso de tejido adiposo, pudiendo
desarrollarse problemas de autoestima y autoconfianza, aislamiento social, dificultades
para las relaciones sociales, situaciones de acoso escolar, dificultades para establecer

relaciones, disminucién en el rendimiento académico y riesgo de ansiedad y depresion.
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Cabe destacar que las ECV y otras consecuencias negativas de la obesidad infantil
pueden suponer un problema serio de salud en etapas vitales posteriores, aunque esta
relacion es moderada, por lo que las acciones de prevencion de la obesidad no solo deben

centrarse en nifios/as y adolescentes con sobrepeso u obesidad (17).

1.1.4 COVID-19

Los primeros estudios realizados en varios paises europeos han indicado un aumento
de la prevalencia del sobrepeso y la obesidad, o del IMC medio, en nifios y adolescentes
durante la pandemia de COVID-19 (18,19). Ademas, durante la pandemia se ha observado
una disminucién de la AF y un aumento del consumo de alimentos con alto contenido en
grasa, azucar y sal (18). Esto demuestra la importancia de medidas preventivas y de
tratamiento del sobrepeso y obesidad después de COVID-19 para evitar un empeoramiento
que podria ser catastréfico de la salud y el bienestar. Ademas, se teme que muchas de las
medidas que perduran tras el periodo de pandemia, tales como restricciones de actividades
deportivas o limitaciones comerciales continuen afectando negativamente a la dieta y los
niveles de AF de la poblacion, promoviendo un estilo de vida mas sedentario y menos

saludable (20).

1.1.5 Soluciones y propuestas

La primera solucion o estrategia propuesta con el objetivo de luchar contra la
obesidad infantil deberian ser las estrategias preventivas. Estas estrategias preventivas
deben incluir a toda la familia y comenzar, idealmente, antes de la concepcion. Es probable
que las familias con miembros obesos compartan no sélo los riesgos genéticos, sino
también las exposiciones ambientales y relacionadas con el estilo de vida. El mayor riesgo
de obesidad comienza ya antes y durante el embarazo (1). Los resultados de numerosos
ensayos clinicos indican la influencia de la salud de los padres en el desarrollo del feto y el

riesgo de obesidad en la infancia y la adolescencia (21).
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Los tratamientos de la obesidad en nifios/as y adolescentes varian en funcion del
grado de sobrepeso u obesidad que tengan. En nifios/as y adolescentes con sobrepeso u
obesidad se realizaran intervenciones conductuales o comportamentales con el objetivo de
modificar y mejorar la dieta o los habitos nutricionales e incrementar la AF junto con la
promocion del ejercicio fisico y la participacion deportiva. Este tipo de intervenciones se
llevaran a cabo desde los centros de atencion primaria o escuelas trabajando junto a la
familia. En un segundo nivel con nifios/as o adolescentes con obesidad severa se
contemplard el tratamiento farmacologico en colaboracion con el tratamiento
conductual/comportamental. En un nivel extremo de obesidad severa, se valorara el
tratamiento de cirugia bariatrica en combinacion con los dos tratamientos anteriormente
explicados. En la Figura 11 se muestran los tres tratamientos de acuerdo al nivel de

sobrepeso u obesidad del nifio/a o adolescente.

Figura 11. Tratamientos para la obesidad infantil.

Nifios/as o adolescentes con Intervenciones conductuales
obesidad severa
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Intervencion farmacologica
Cirugia baniatrica

‘.'];ﬁugea-}lﬁ [1} a.lgukﬁrﬁnlrs con
ODEsIGad I ohesidad severd Intervenciones conductuales
o comportamentales

Intervencion farmacoldgica

Mifios/as o adolescentes

cpn sobrepeso u .
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la actividad fisica

Fuente: La figura pertenece al informe de «WHO European Regional Obesity

Report 2022». (1) Licencia: Creative Commons (CC BY-NC-SA 3.0 IGO).
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La obesidad infantil se asocia a un riesgo moderadamente mayor de morbilidad
relacionada con la obesidad en la edad adulta, pero el aumento del riesgo no es lo
suficientemente grande como para que el IMC en la infancia sea un buen predictor de la
incidencia de morbilidades en la edad adulta. Esto se debe a que la mayor parte de la
morbilidad relacionada con la obesidad en la edad adulta se produce en adultos que tenian
un peso saludable en la infancia. Por lo tanto, dirigir las estrategias de prevencion de
obesidad unicamente a los nifios obesos o con sobrepeso puede no reducir sustancialmente
la carga global de enfermedades relacionadas con la obesidad en la edad adulta (17). Se
deben aplicar las estrategias de prevencion de la obesidad a través de la promocion de
habitos nutricionales saludables y de promocién de la AF y el ejercicio fisico a todo el

grupo poblacional perteneciente a la infancia y adolescencia.

1.2 Comportamientos sedentarios e inactividad fisica en la sociedad de

hoy en dia

La mayoria de los adolescentes no cumplen las directrices actuales de AF, y esta alta
prevalencia de inactividad fisica entre los jovenes es un problema creciente por lo que es
necesario ampliar urgentemente las estrategias de accion promotoras de AF (22). A esta
inactividad fisica se le afiaden numerosos comportamientos sedentarios promovidos por la
sociedad de hoy en dia. El sedentarismo aumenta la morbilidad y todas las causas de
mortalidad (23), lo que lo convierte en otro problema de salud publica grave e

insuficientemente abordado.

1.2.1 Inactividad fisica

La inactividad fisica es un problema creciente entre los nifios/as y adolescentes de la
sociedad actual. Segun los datos de la OMS, 3 de cada 4 adolescentes (81%) de entre 11 y
17 afios no cumplen actualmente las recomendaciones globales de AF establecidas por la
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OMS (22). En 2016, los datos de escolares de entre 11 y 17 afos mostraron que el 81 %
(IC 95%, 77,8-87,7%) fueron insuficientemente activos con un mayor porcentaje de chicas
inactivas con un 84,7% (83,0-88,2%) que de chicos inactivos, con un 77,6% (76,1-80,4%)
(24), como se observa en las Figuras 12 y 13. El objetivo es una reduccion relativa del 15%

en la prevalencia mundial de la inactividad fisica en los adolescentes para el afio 2030 (22).

Figura 12. Prevalencia de actividad fisica insuficiente entre los chicos

escolarizados de 11 a 17 afios.
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Fuente: La figura pertenece al articulo «Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based

surveys with 1-6 million participants». (24) Licencia: Creative Commons

(CC BY 3.0 IGO).
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Figura 13. Prevalencia de actividad fisica insuficiente entre las chicas escolarizados

de 11 a 17 afios.
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Fuente: La figura pertenece al articulo «Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based
surveys with 1-6 million participants». (24) Licencia: Creative Commons

(CC BY 3.0 IGO).

En Espafia, el 63,3% de la poblacion juvenil de entre 8 y 16 afios no cumple con las
recomendaciones de AF diarias (9). El incumplimiento de las recomendaciones de AF es
mayor en la adolescencia con un 69,9% que en la infancia con un 55,5% y es mayor en la
poblacion femenina con un 70,1% que en la masculina con un 56,1%, por lo que habra que
extremar las precauciones con la poblacion adolescente femenina (9). En cuanto a las
diferencias segun la edad, como se puede observar en la figura 14, entre los 8 y los 16 afos
(de 3° de primaria a 4° de la ESO) se muestra una disminucion del tiempo dedicado a la
actividad fisica moderada-vigorosa (AFMV) de més de hora y media, en concreto de 98,2

minutos.

Figura 14. Promedio de minutos diarios dedicados a la practica de actividad fisica -

seglin curso académico.
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Fuente: La figura pertenece al «Estudio PASOS (Physical Activity, Sedentarism
and Obesity of Spanish youth) - Resultados principales del estudio PASOS
2019 sobre la actividad fisica, los estilos de vida y la obesidad de la poblacion

espaiiola de 8 a 16 afios». (9)

La inactividad fisica es una pandemia mundial que genera no s6lo morbilidad y
mortalidad, sino también una importante carga econdmica en todo el mundo. Esta carga
econdmica se distribuye de forma desigual entre las regiones, y de forma desproporcionada
en relacion con la carga de la enfermedad. Es probable que esto se deba a los niveles
diferenciales de desarrollo econdmico y, en consecuencia, al gasto sanitario. Ademas, si se
tiene en cuenta el analisis sobre quién asume los gastos, las regiones mas empobrecidas
podrian resultar atin mas afectadas desde el punto de vista tanto econdmico como sanitario,
ya que, por lo general, cuanto mas pobre es el pais, mayores son las necesidades sanitarias
insatisfechas, por lo que son las personas y los hogares quienes acaban pagando en forma
de morbilidad y mortalidad prematuras (25).

Mas de 5,3 millones de muertes al afio se atribuyen a la inactividad fisica (26), lo que
ha llevado a la OMS a advertir que el sedentarismo y la inactividad fisica podrian estar

entre las 10 principales causas de muerte y discapacidad en el mundo (23).
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La inactividad fisica, junto con el aumento del consumo de tabaco y la mala
alimentacion y nutricion, forman parte cada vez mas del estilo de vida actual, lo que
provoca el rapido aumento de enfermedades como las ECV, la diabetes o la obesidad. Las
enfermedades cronicas causadas por estos factores de riesgo son ahora las principales
causas de muerte en todas las partes del mundo, excepto en el Africa subsahariana, donde
las enfermedades infecciosas como el SIDA siguen siendo el principal problema. Estas
enfermedades cronicas son, en su mayoria, totalmente prevenibles.

El persistente fracaso en la promocion de la AF en todo el mundo sugiere que las
campaias publicas y el reconocimiento social de los beneficios para la salud de un estilo
de vida fisicamente activo no son suficientes para cambiar el comportamiento de las
personas. Sin embargo, las campafias de salud publica para mejorar la AF se han centrado
casi exclusivamente en el mensaje de que la inactividad fisica y el sedentarismo son
perjudiciales para la salud y que, por el contrario, el cumplimiento de los niveles
recomendados de AF aporta multiples beneficios para la salud. Sin embargo, la mejora o
mantenimiento de la salud es s6lo uno de los muchos factores que pueden fomentar la AF,
y puede no ser considerado el mas importante para las personas (27). Asi mismo, esa mejora
de la salud puede no ser lo suficientemente valorada como para invertir tiempo en realizar
AF, ya que, segun el Eurobarémetro de 2020, lo que mas motiva la realizacion de AF es la
mejora de la salud, pero el principal motivo de no realizarla es la falta de tiempo (28).

Un enfoque diferente podria ser el bienestar psicologico experimentado durante y
después del ejercicio, ademas de enfocar las estrategias de promocion no solo a cumplir
con las recomendaciones, con el trasfondo de obligacidon que parece tener, sino en el
bienestar durante y después de la practica.

No ayuda el escaso nimero de horas que se le otorga a la Educacion Fisica (EF) en
el curriculo nacional espafiol, con un total de 100 horas por ciclo (50 horas por curso
escolar), siendo la tercera asignatura con menos horas, tras religion y tras educacion en
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valores civicos y éticos (29). Esto quiere decir que el Estado sigue considerando menos de
hora y media semanal como el minimo de tiempo efectivo de la materia de EF. Pero el
escaso numero de horas de EF es tan solo una pequena contribucién a los preocupantes
datos de inactividad fisica reportados por grandes proyectos llevados a cabo en Espafia
como el estudio IDEFICS (30), el proyecto ALADINO (31), el estudio ANIBES (32), el
estudio HBSC (33) o el estudio HELENA (34) entre otros. El primer informe espafiol sobre
nifios/as activos y saludables (35) realizado en 2016 reporto, tras analizar los datos de los
estudios anteriormente nombrados, que s6lo el 30% de los nifios y el 12% de las nifias de
2 a 10 afios cumplian las recomendaciones de AF (35). En el caso de los nifios y nifias de
9 anos fue de 60% y 34,1% para nifos y nifias respectivamente, y en el caso de los
adolescentes de 15 afios, el cumplimiento fue del 58% para los chicos y 24% para las chicas
(35). Segun los datos autodeclarados obtenidos de una amplia muestra de participantes
espanoles del HBSC para 2010, el 32% de los niflos de 11 a 12 afios y el 15% de los
adolescentes mayores de 17 -18 afios eran adecuadamente activos (35). Los datos del
estudio ANIBES recogidos en 2013 también mostraron grandes diferencias entre las edades
y los géneros, y las directrices fueron cumplidas por el 52% de los adolescentes de 9 a 12
afios y por el 37% de los adolescentes de 13 a 17 afios (35). En cuanto a las diferencias de
género, el 56% de los varones y el 27% de las mujeres eran suficientemente activos (35).
En definitiva, la poblacion mdés vulnerable es la de las adolescentes mayores. Esta
inactividad fisica es promovida por la baja adherencia al transporte activo, que incluso va
incrementando con la edad (35).

La inactividad fisica esta relacionada con la triada de la inactividad pediatrica, que se
muestra en la Figura 15, una condicioén observada por Faigenbaum y col. (36) que incluye
el trastorno por déficit de ejercicio, dinapenia pediatrica e incompetencia motriz. El término
"trastorno por déficit de ejercicio" se utiliza para resaltar la gravedad de esta condicion
clinica con el objetivo de concienciar sobre la importancia de cumplir las recomendaciones
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de AF. Los nifios con dinapenia pediatrica muestran bajos niveles de fuerza y potencia
muscular y, en consecuencia, limitaciones funcionales que no estan causadas por
enfermedades neuroldgicas o musculares (36). El concepto de "incompetencia motriz"

describe la falta de competencia, confianza y motivacion para moverse con destreza (36).

Figura 15. La triada de la inactividad pediatrica.

Trastorno
de déficit
de ¢jercicio

< de una media de 60 min/dia de AFMV

Fuente: La figura adaptada del articulo «Pediatric Inactivity Triad: A Risky

PIT». (36) Licencia: Creative Commons (License Number: 5422740651186)

El déficit de AF esta estrechamente relacionado con otros componentes, ya que los
nifios y adolescentes que muestran una falta de aptitud muscular y un nivel disminuido de
habilidades motrices son menos propensos a participar en actividades deportivas o
simplemente en realizar AF, lo que imposibilita la mejora de la aptitud muscular o de las

habilidades motrices (36).

1.2.2  Sedentarismo, tiempo de ocio y tiempo de pantalla
El sedentarismo estd adquiriendo un papel protagonista entre los problemas de la

salud publica debido a sus consecuencias para la salud, ya que aumenta todas las causas de
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mortalidad, duplica el riesgo de ECV, diabetes y obesidad, y aumenta los riesgos de cancer
de colon, hipertension arterial, osteoporosis, trastornos lipidicos, depresion y ansiedad (23).
Segun la OMS, entre el 60% y el 85% de los habitantes del mundo, tanto de los paises
desarrollados como de los que estdn en vias de desarrollo, llevan un estilo de vida
sedentario, lo que lo convierte en uno de los problemas de salud publica mas graves, aunque
insuficientemente abordados, de nuestro tiempo (23).

Los nifios y adolescentes deben limitar los comportamientos sedentarios, en
particular la cantidad de tiempo de pantalla considerado tiempo de ocio (37). En los nifios
y adolescentes, el comportamiento sedentario se asocia con un empeoramiento de la salud
debido a un aumento de la adiposidad (38), peor salud cardiometabolica, peor estado fisico,
menores habilidades sociales y menor duracion del suefio. Por lo tanto, los nifios y los
adolescentes deberian limitar el tiempo de sedentarismo, especialmente el tiempo de
pantalla recreativa (37). Sin embargo, ciertos tipos de comportamiento sedentario, como
leer y hacer los deberes fuera de la escuela, se asocian con un mayor rendimiento
académico, lo que indica que hay diferencias segtn el tipo de actividad (37). Uno de los
comportamientos sedentarios mas perjudiciales y a la vez mas recurrentes es el tiempo
frente a una pantalla, que se correlacion6 con inversamente con la CF y la salud psicologica
(39). Ademas, este tiempo de pantalla ha ido cambiando de una preferencia por la television
a una mayor tendencia a tiempo sedentario con ordenadores y videojuegos (40)

En Espafia, los datos del estudio ANIBES (41) muestran que el 48,4% del total de los
nifios/as y adolescentes pasa mas de 2 horas al dia frente a la pantalla todos los dias de la
semana, y concretamente el 49,3% excede las dos horas durante la semana mientras que el
84,0% lo hace durante los fines de semana. Los adolescentes pasan mds tiempo viendo la
television, jugando con el ordenador y navegando por Internet que los nifios. Casi el 38,5%
de los nifios y el 60,2% de los adolescentes pasan mas de 2 horas al dia frente a una pantalla
entre semana, y el 82,2% y el 85,8%, respectivamente, durante los fines de semana. Incluso
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el 16,9% de los nifos y el 25,1% de los adolescentes superan las 2 horas al dia sélo en lo
que respecta a la television entre semana, mientras que este porcentaje aumenta los fines
de semana con un 57,7% de los nifios y 59,8% de los adolescentes. Destaca también la
disponibilidad de pantallas en el hogar ya que méas del 30% tenia un televisor, un ordenador
y/o una consola en sus dormitorios, y un 44% de los varones declar6 tener tres o mas
televisores en casa (41).

En cuanto a los datos obtenidos del estudio PASOS (9), el tiempo medio de pantalla
de los nifios/as y adolescentes fue de casi tres horas al dia (178,7 min al dia) entre semana,
superando las recomendaciones en casi una hora y de mas de 4 horas y media al dia (282,3
minutos al dia) los fines de semana, superando las recomendaciones en dos horas y cuarenta
y dos minutos por dia. Como se observa en la Figura 16, el 54,4% de la poblacion infanto-
juvenil supera las dos horas diarias entre semana, cifra que asciende a 79,2% durante el fin

de semana.

Figura 16. Prevalencia de incumplimiento/cumplimiento de la recomendacion de la
OMS en cuanto al uso diario de pantallas entre semana y el fin de semana - global y

segun género y curso académico en Espafia.

00 71 404
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Fuente: La figura pertenece al «Estudio PASOS (Physical Activity,
Sedentarism and Obesity of Spanish youth) - Resultados principales del
estudio PASOS 2019 sobre la actividad fisica, los estilos de vida y la

obesidad de la poblacion espafiola de 8 a 16 afios». (9)
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Las intervenciones dirigidas a reducir los comportamientos sedentarios en los jovenes
tienen éxito con un efecto pequeno pero significativo y robusto dada la amplia muestra
(42). De este modo, aunque sea un efecto pequeno, si afecta a una gran parte de la
poblacidn, al igual que lo hace el tiempo de pantalla, puede tener un alto impacto a nivel
de salud de la poblacion. El efecto pequefio puede deberse a la dificultad para cambiar
comportamientos o conductas sedentarias muy establecidas en la cotidianeidad, por
ejemplo, la television, que es el comportamiento de tiempo libre mas frecuente, con
estimaciones medias de alrededor de 2 a 3 horas al dia, y aproximadamente el 25% de las
nifias y el 30% de los nifios ven més de 4 horas al dia (42). Ademas, las intervenciones
pueden estar enfocadas a convertir algunos comportamientos sedentarios en AF, pero no se
pueden abarcar todas las conductas sedentarias debido a la gran variedad de
comportamientos sedentarios que existen con los prolongados tiempos de pantalla, el
transporte motorizado y diversas actividades educativas/culturales como el tiempo de
estudio y el tiempo lectivo. La investigacion muestra que las intervenciones en entornos
comunitarios tuvieron un mayor tamano del efecto y el reclutamiento de los nifios a través
de las familias y la participacion de los padres pueden ser mas importantes que el entorno
(42).

La evidencia cientifica muestra una disminucion significativa del tejido adiposo al
sustituir periodos sedentarios por AFMV o incluso simplemente acortando esos periodos
sedentarios prolongados haciendo pausas activas con mayor frecuencia, lo que nos da una
pista a la hora de disefiar intervenciones mas eficaces para prevenir y controlar la obesidad
infantil (43). Los resultados también muestran que el aumento de tiempo sedentario se
relacionaba con una menor calidad de vida en nifios y adolescentes (44).

La reciente pandemia de la COVID-19 ha favorecido e incrementado los

comportamientos sedentarios y la inactividad fisica ante la imposibilidad incluso de salir
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de casa durante la etapa del confinamiento, ante la limitacion de las actividades deportivas
ofertadas y ante la tendencia de continuar con menores desplazamientos y actividades (45).
Tras esta pandemia es especialmente importante fomentar la AF y el ejercicio fisico,
especialmente en la etapa de la nifiez y adolescencia, favoreciendo la participacion

deportiva y el transporte activo.

1.3 Efecto del ejercicio para prevenir y tratar la obesidad

La AFMV se asocia con una menor adiposidad independientemente de la edad, el
sexo, el estado de madurez, los niveles de referencia y el tiempo de sedentarismo. Los
resultados sugieren que la promocion de la AFMV es importante para prevenir el aumento
de la adiposidad en nifios sanos (46). También se ha visto una fuerte asociacion de la AFMV
y la CF, independientemente del comportamiento sedentario (47,48), mostrando que las
interrupciones de comportamientos sedentarios o bloques de tiempo sedentario de menos
duracién producen beneficios en la CF (47)

Es bien sabido que el ejercicio fisico es una de las herramientas mas utiles para
prevenir la obesidad infantil y para tratarla con el objetivo de mejorar la composicion
corporal (49). De hecho, el incremento de AFV parece ser mds apropiada que las
intervenciones nutricionales para luchar contra la obesidad infantil (50). Un analisis de
subgrupos reveld que, mientras que la intervencion de ejercicio condujo a una mejora
pequenia-moderada del IMC, la intervencion de ejercicio combnada con una intervencion
nutricional dio lugar a mejoras moderadas del IMC y la grasa corporal, y a una mejora de
la masa de tejido magro, y una intervencion unicamente de nutricion no mostrd efectos
concluyentes (49). Los resultados del meta-analisis muestran una disminucién media de
3,7 kg en el peso corporal, un aumento medio de la masa magra de 1,6 kg y una disminucién

media de la grasa corporal del 3,1 % (49).
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Por otro lado, el ejercicio fisico es una de las mejores armas en la lucha contra la
obesidad infantil. Los términos de AF y de ejercicio fisico se utilizan a menudo
indistintamente, pero estos términos no son sinénimos. La AF se define como cualquier
movimiento corporal producido por la contraccion de los musculos esqueléticos que da
lugar a un aumento sustancial de las necesidades caloricas sobre el gasto energético en
reposo (51). El ejercicio es un tipo de AF que consiste en un movimiento corporal
planificado, estructurado y repetitivo realizado para mejorar y/o mantener uno o mas
componentes de la aptitud fisica (52). Para tratar la obesidad infantil, se han visto efectivos
tanto el entrenamiento continuo de intensidad moderada como el entrenamiento intervalico
de alta intensidad (53), con incluso mejores resultados en cuanto a la mejora de la CF por
parte del entrenamiento intervalico de alta intensidad (54). Asi mismo, la aptitud fisica o
CF es la capacidad de llevar a cabo las tareas diarias con vigor y diligencia, sin fatiga
excesiva, y con energia suficiente para disfrutar de las actividades de ocio y hacer frente a
las situaciones del entorno de forma exitosa (52). La aptitud fisica se compone de varios
elementos que generalmente se veran empeorados en nifios/as y adolescentes con sobrepeso
u obesidad y que mejoraran con la aplicacion de una intervencion con ejercicio fisico (55—
57). Estos componentes pueden agruparse a su vez en componentes relacionados con la
salud y componentes relacionados con el rendimiento (52), como se puede ver en la Figura
17 . Los ninos/as y adolescentes con sobrepeso u obesidad tienden a tener peor rendimiento
en las pruebas de valoracion de la CF, tanto en condicion cardiorrespiratoria como en fuerza
y resistencia muscular (55,58), mostrandose una asociacion inversa entre la aptitud fisica y
el porcentaje de grasa corporal (59). Por otro lado, una mejor CF se asocid con ser mas
fisicamente activo durante las clases de Educacion Fisica, el recreo y las actividades
deportivas extraescolares, pero interesantemente no durante la AF no organizada como el

juego libre (60), lo que demuestra la importancia de la participacion organizada.
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Figura 17. Los componentes de la condicion fisica.

Resistencia cardiorrespiratoria: la capacidad del
sistema circulatorio y respiratorio para suministrar
oxigeno durante una actividad fisica sostenida

Composicion corporal: las cantidades relativas de ’ Coordinacion: la capacidad de utilizar los sentidos, como

Agilidad: capacidad de cambiar la posicion del cuerpo en
el espacio con rapidez y precision

musculo, grasa, hueso y otras partes vitales del Ia vista y el oido, junto con las partes del cuerpo para
cuerpo realizar tareas de forma fluida y precisa

Fuente: Elaboracion propia

El ejercicio fisico es la mejor estrategia para combatir la obesidad infantil y mejorar
la salud de los nifios/as que padecen esta enfermedad (61). La evidencia cientifica actual
muestra que el ejercicio mas beneficioso para los nifios/as y adolescentes con sobrepeso u
obesidad es el entrenamiento concurrente con una combinacion de ejercicio aerdbico y
entrenamiento de fuerza (62), el cual mejora la composicion corporal, los perfiles
metabolicos, el estado inflamatorio en la poblacion pediatrica obesa (63), la CF (64) y
disminuye los factores de riesgo cardiometabodlicos y cardiovasculares (49,65).

Sin embargo, parece claro que la lucha contra la obesidad, incluida la obesidad
infantil, no consiste en la realizacion de una intervencion con ejercicio fisico tinicamente,
sino que es necesario un enfoque sistémico complejo considerando las interacciones de los
diferentes ambitos de una persona para conformar su estado de salud, incluyendo los

ambitos laboral, social y familiar. De esta manera, en cuanto a las politicas de salud publica,
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la obesidad no debe abordarse de forma aislada, sino que, para lograr un cambio sostenible
a largo plazo, hay que tener en cuenta los determinantes ambientales, sociales y econdmicos
de las poblaciones afectadas.

Los esfuerzos de la sociedad actual deben ir enfocados hacia la promocion del
ejercicio fisico para luchar contra la obesidad y en definitiva para mejorar la salud de la
poblacion. Tanto potencial tiene el ejercicio fisico de mejorar la salud de las personas, que
como bien dice el Dr. Robert Neil Butler, médico gerontologo, psiquiatra, ganador de un
Premio Pulitzer y primer director del National Institute on Aging de Estados Unidos, ““If
exercise could be packaged in a pill, it would be the single most widely prescribed and
beneficial medicine in the nation”. Esta idea de que el ejercicio es medicina es la que
defiende la iniciativa de salud global “Exercise is Medicine”, administrada por el American
College of Sports Medicine (ACSM), cuyo objetivo es que la evaluacion y promocion de
la AF sea un estandar en la atencion sanitaria, conectando la atencion médica con la AF
basada en evidencia cientifica, lo que se traduce en una promocion del trabajo
multidisciplinar entre el personal sanitario y el profesional de la AF o educador fisico-
deportivo (66). Con esta iniciativa se apoya la idea o creencia de que la AF promueve una
salud optima y es parte integral de la prevencion y el tratamiento de muchas afecciones
médicas. En Espafia, EXERNET, Red de Ejercicio Fisico y Salud, pretende unir los
esfuerzos de todos los grupos de investigacion espaiioles en AF y salud, con el objetivo de
coordinar, armonizar y divulgar la investigacion en diferentes grupos de poblacion y ha

sido la impulsora de la introduccion de “Exercise is Medicine” en Espafia (67).

1.3.1 Beneficios

El entrenamiento concurrente combinando ejercicio aerdbico y ejercicio de fuerza es
el mas efectivo para producir numerosos beneficios en nifios/as y adolescentes con

sobrepeso u obesidad (63). De hecho, el efecto negativo para la salud de la obesidad infantil
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puede contrarrestarse con el ejercicio fisico (65). El ejercicio fisico con el entrenamiento
concurrente produce mejoras en la CF, incluyendo la composicion corporal, que es uno de
los aspectos mas debilitados en nifios/as y adolescentes con sobrepeso u obesidad (68,69)
y por tanto uno de los que mas necesita una mejora, debido a su estrecha relacion con la
salud (63,64).

Otros pardmetros fisiologicos muy relacionados con la salud, que se muestran en la
Figura 18, también son susceptibles de mejora con el ejercicio fisico, por ejemplo con una
reduccion de la insulina en ayunas y de los marcadores inflamatorios y una mejora del perfil
lipidico con una disminucién del LDL vy triglicéridos y un aumento del HDL (63,64),

disminuyendo de esta manera los factores de riesgo cardiometabdlicos y cardiovasculares

(49,65).
Figura 18. Beneficios del ejercicio fisico en tejidos y érganos en nifios/as y
adolescentes con sobrepeso u obesidad.
| EFECTOS BENEFICIOSOS DEL EJERCICIO FiSICO |
L
4 Mitocondriogénesis
4 Tipo de fibra oxidativa 4 Bienestar psicoldgico
4 Oxidacion de acidos grasos # Ansiedad y depresion
’ # En la capacidad aerdbica \ # Expresion de factores
neurotroéficos
& Adiposidad abdominal 4 Memoria y funcién cognitiva
Mejorar el control de peso 4 Calidad del suefio
¥ Declive mental que conlleva

la edad
& m \W " ® Neurogénesis
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Mejora la homeostasis de la glucosa
Mejora la sensibilidad a la insulina

Fuente: La figura estd adaptada de una figura del articulo «Exercise acts as a
drug; the pharmacological benefits of exercise». (70) Licencia: by Elsevier

and Copyright Clearance Center (License Number: 5460921267788).
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1.3.1.1 Mejora de la condicion fisica

Los nifios/as y adolescentes con sobrepeso u obesidad muestran un peor rendimiento
en las pruebas de valoracion de la CF, ya que existe una relacion inversa entre el porcentaje
de grasa corporal y la CF, siendo esta relacion mayor que entre una baja CF y los
comportamientos sedentarios o la dieta (59). Este peor rendimiento se muestra claramente
en la condicién cardiorrespiratoria (57,71) pero también en la fuerza muscular (58,59).
El ejercicio, concretamente el entrenamiento multicomponente (62), es eficaz para mejorar
tanto la condicion cardiorrespiratoria como la fuerza muscular, ademas de la composicion
corporal (64). Sin embargo, el principal reto es asegurar la adherencia al ejercicio en
nifios/as y adolescentes con sobrepeso y obesidad (72), por lo que se necesitan nuevas

formas de hacer ejercicio que sean mas atractivas y motivadoras para esta poblacion.

1.3.1.1.1 Composicion corporal

La composicion corporal, y especialmente la excesiva grasa corporal es la
caracteristica principal de los niflos/as y adolescentes con sobrepeso u obesidad. Uno de
los objetivos clave en este grupo poblacional es mejorar la composicion corporal
normalizando los niveles de grasa corporal e incrementar o mantener los niveles de masa
magra y masa osea.

Como se ha mencionado anteriormente la evidencia cientifica actual ha mostrado
mejoras en la composicion corporal de nifios/as y adolescentes con sobrepeso u obesidad
producidas por un programa de ejercicio fisico que combine entrenamiento aerdbico y de
fuerza (63,64). El efecto principal que reportd el meta-analisis realizado por Stoner y col.
(49) fue una reduccion del IMC, el peso corporal (-3,7 kg), el porcentaje de grasa (-3,1%)
y la circunferencia de la cintura, ademas de un incremento de la masa de tejido magro (+1,6
kg). Los resultados del meta-analisis llevado a cabo por Garcia-Hermoso y col. (63)

mostraron un efecto positivo del ejercicio fisico con entrenamiento que se tradujo en una
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reduccién de la masa corporal (-2,3 kg), el porcentaje de grasas (-3,5%) y masa grasa (-4,3
kg), ademés de un incremento de masa marga (+2,2 kg). Lee (64) también reportd en su
meta-andlisis reducciones de IMC y porcentaje de grasa, y aumentos en masa magra. Los
incrementos de masa magra son especialmente importantes ya que parece ser la variable
mas influyente en el crecimiento del corazén (73).

Cada vez hay més pruebas que sugieren que los nifios con obesidad experimentan
deficiencias neuro-musculo-esqueléticas y complicaciones fisicas, como un aumento del
dolor, una reduccién de la fuerza muscular, un deterioro del equilibrio y la habilidad
motora, desviaciones de la marcha, una mala alineacion postural, una mayor fatiga y una
posible reduccion de la flexibilidad y una salud 6sea subdptima. Estas pruebas apoyan la
necesidad de examinar, evaluar y optimizar la salud neuro-musculo-esquelética como parte
del tratamiento de la obesidad pediatrica (74).

La obesidad también afecta a la salud 6sea debido al impacto de los parametros
metabolicos clinicos y bioldgicos. Los nifios obesos parecen estar excesivamente afectados
por fracturas Oseas y evidencias recientes sugieren que la grasa puede ser perjudicial para
la acumulacién de hueso en los nifos, lo que puede ser especialmente importante durante
la adolescencia dado el rapido crecimiento del esqueleto, por lo que en esta etapa vital hay
que prestar especial atencion a las alteraciones inducidas por la grasa en los factores
hormonales y las citoquinas que pueden producir una alteracion de la acumulacion ésea
durante la etapa de adquisicion del pico de masa 6sea. Por un lado, la obesidad parece
proteger contra las fracturas de cadera y vertebrales, pero es un factor de riesgo para las
fracturas de humero y tobillo (75). No obstante, Julian y col. (76), mostraron un
empeoramiento del hueso trabecular en la zona lumbar y una menor densidad mineral 6sea
de la cadera en ninos/as con obesidad severa. Por otro lado, la incidencia de las fracturas
durante la adolescencia estd aumentando, por lo que comprender los efectos de la masa

grasa en el hueso durante el crecimiento y el inicio de la edad adulta es importante (75).
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Este riesgo incrementado de fractura que ha evidenciado la literatura cientifica podria
estar relacionado con las consecuencias de la obesidad, como la inflamacion, la resistencia
a la insulina, la diabetes de tipo 2 y la dislipidemia (76). El incremento de grasa estimula
la secrecion de biomarcadores de inflamacion tales como la leptina, que incrementa la
produccion de factor de necrosis tumoral, interleucina-6 y proteina C-reactiva, lo que a su
vez da lugar a una reduccion de los osteoblastos y a un aumento de la actividad de los
osteoclastos, como se puede visualizar en la Figura 19. La salud dsea de los nifios con
obesidad se ve afectada por diferentes estimulos humorales, especialmente por las
adipoquinas y las mioquinas, aunque también su hueso también estd sometido a una carga
de trabajo mecénica que es beneficiosa para la acumulacion y la geometria del hueso, carga
que no es lo suficientemente aprovechada como estimulo osteogénico debido a la AF
reducida de este grupo poblacional que a su vez empeora la salud 6sea, como se puede ver
en la Figura 20 (77). La mayoria de los estudios apuntan a las consecuencias negativas del
exceso de peso (principalmente de la adiposidad visceral) sobre la salud y la fragilidad
Osea, por la produccion de citoquinas proinflamatorias, el aumento de la reabsorcion 6sea
y el dafio a la formacion del hueso (78). Es por ello que se recomienda incluir una
evaluacion bioquimica y una valoracion de la presion arterial en la etapa de la pubertad en
los examenes rutinarios de salud de los nifios y adolescentes, especialmente de aquellos
con exceso de grasa corporal (78), ademas de una evaluacion de la salud

musculoesquelética (74).

Figura 19. Beneficios del ejercicio fisico en tejidos y 6rganos en nifios/as y

adolescentes con sobrepeso u obesidad.
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Figura 20. Mecanismos que empeoran la salud 6sea de juveniles con sobrepeso u

obesidad.
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Otro aspecto relevante es comprobar los niveles séricos de vitamina D, ya que la
hipovitaminosis D es un problema de salud publica que afecta negativamente a parametros
metabolicos como la salud 6sea. En general, la mayoria de los adolescentes son sedentarios
y no realizan AF al aire libre. De hecho, la sintesis cutdnea es un factor relevante para
conseguir unos niveles adecuados de vitamina D, por lo que se recomienda estimular a los
adolescentes para que realicen AF al aire libre (78).

La promocion de héabitos saludables es crucial para fomentar la salud, especialmente
la alimentacion y los estilos de vida saludables, y para prevenir enfermedades, como la
osteopenia/osteoporosis. Ademas, hay que mejorar la vigilancia alimentaria y la nutricion
durante el periodo de gestacion y la lactancia, ya que las modificaciones epigenéticas

afectan a la salud de los descendientes (78).

1.3.1.1.2 Condicidn cardiorrespiratoria

La condiciéon cardiorrespiratoria es un componente de la CF especialmente
importante debido a su relacion inversa con la mortalidad, relaciéon que es incluso mas
fuerte que entre la AF y la mortalidad (79). La mejor manera de medir esta condicion
cardiorrespiratoria es a través de una prueba de esfuerzo maxima en la que ademas no se
requiere un plateau para ser considerado un esfuerzo maximo en nifos/as y adolescentes
(80).

La condicion cardiorrespiratoria de los nifios/as y adolescentes con sobrepeso u
obesidad estd empeorada (81), ademés de que muestran un cociente respiratorio menor
durante la prueba (82), por lo que hay que ser cauto a la hora de considerar el cociente
respiratorio por encima de 1 como un criterio de maximalidad (83). Una mayor condicion
cardiorrespiratoria en la infancia y la adolescencia se asocia con un menor IMC, grasa

corporal y sindrome metabolico al menos 2 afios mas tarde (84).
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El ejercicio fisico muestra gran efectividad para aumentar el consumo maximo de
oxigeno (VOamax) en nifios/as con sobrepeso u obesidad (64). Ademads, incrementos en la
condicién cardiorrespiratoria estdn asociados a una reduccion de la grasa corporal (85),
concretamente las intervenciones de ejercicio mostraron que un aumento de al menos 0,38
mL/kg/min en condicidon cardiorrespiratoria podria obtener una reduccion clinicamente
importante de al menos un 2,3% en el porcentaje de grasa en nifios/as y adolescentes con
sobrepeso y obesidad (86). Las evidencias sugieren que la adiposidad incrementa el riesgo
de ECV pero una buena aptitud fisica y especialmente una buena condicion

cardiorrespiratoria protege de este riesgo aumentado (87).

1.3.1.1.3 Condicién muscular

La condicion muscular es un componente de la CF muy relacionado con la salud,
mostrando una asociacion inversa con la adiposidad y los factores de riesgo cardiovascular
y metabolico y una asociacion directa con la participacion deportiva y la AF (88), asi como
con la salud oOsea, la competencia motriz real y percibida y con la calidad de vida (89).
Parece ser que el exceso de peso en nifios/as y adolescentes produce adaptaciones
musculares como consecuencia del estimulo cronico que lleva a un incremento de fuerza
(90), mostrando un mejor rendimiento en los test de fuerza que requieren fuerza absoluta
aunque con peor rendimiento en los test de fuerza que requieren el movimiento del propio
cuerpo (91,92). Sin embargo, parece ser que un mayor porcentaje de grasa corporal, que
generalmente va acompafiado de niveles bajos de AF, se asocia con un peor rendimiento
neuromuscular (93). Siguiendo esta idea, Herda y col. (94) concluyé que los nifios/as con
sobrepeso u obesidad tenian una peor composicion del tejido muscular, deficiencias en
cuanto a la potencia muscular y peor reclutamiento de unidades motoras, lo que haria a los
nifios/as y adolescentes con exceso de grasa corporal susceptibles de sufrir la triada

pediatrica de la inactividad (36). El entrenamiento de fuerza en nifios/as y adolescentes es
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importante y necesario para una Optima condiciéon muscular consiguiendo ganancias de
fuerza principalmente debido al mecanismo neuroldgico de aumento de reclutamiento de
neuronas motoras (95), pero es especialmente importante en juveniles con sobrepeso u
obesidad. Se han investigado asociaciones entre la baja fuerza muscular y una sensibilidad
reducida a la insulina (96,97), un peor perfil lipidico y mayor riesgo de dislipidemia (98),
una presion sanguinea mas alta y con factores de riesgo metabolico y cardiovascular
(89,97). Ademas, niveles elevados de condiciéon muscular pueden atenuar los efectos
adversos del factor de crecimiento endotelial vascular A y del factor de necrosis tumoral-a
sobre el contenido mineral 6seo subtotal del cuerpo, por lo que niveles adecuados de fuerza
muscular pueden preservar la salud 6sea normal en nifios/as con sobrepeso u obesidad (99).
Es por eso que los nifios/as y jovenes con sobrepeso u obesidad deben incrementar sus
niveles de fuerza, ya que muestran peor rendimiento. Ademas, uno de los beneficios mas
directos de una condiciéon muscular alta o una mejora de la misma es el incremento de la

salud psicologica (100).

1.3.1.2 Mejora de la salud cardiometabdlica
La obesidad infantil conlleva perjuicios en la salud, tales como un empeoramiento
del perfil lipidico, dislipidemia, aterosclerosis coronaria acelerada, hipertension, resistencia
a la insulina y desarrollo de diabetes tipo I, disfuncion endotelial y la inflamacion (14,15),
que tiene como resultado un incrementado riesgo de ECV.
El ejercicio fisico produjo una mejora en la sensibilidad a la insulina, en la presion
arterial sistolica y en el perfil lipidico (49), disminuyendo el riesgo de ECV y mejorando la

salud cardiometabdlica.

1.3.1.3 Mejora de la habilidad motriz
La habilidad motriz se correlaciona negativamente con un mayor IMC, circunferencia

de la cintura o de porcentaje de grasa corporal (101,102) y positivamente con la condicion
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cardiorrespiratoria y la condicion muscular (102—-104), ademas de con la AF (103,105). Es
por ello que los nifios/as con sobrepeso u obesidad tienen menor habilidad motriz en
comparacion con los normopeso (106). De hecho, a pesar de que los nifios/as con mayor
condicion cardiorrespiratoria, la fuerza muscular de extremidades inferiores, la velocidad
y la agilidad mostraron mayor calidad de movimiento funcional, el estatus de peso parece
ser mas determinante que la CF en cuanto a la calidad de movimiento funcional, aunque
estar en forma parece atenuar la influencia negativa del exceso de grasa corporal (107). La
evidencia cientifica también muestra que, debido a la estrecha relacion entre la habilidad
motriz y la CF, incrementos o mejoras de habilidad motriz pueden conducir a mejoras en
la CF, y por ende mejoras en la salud en jovenes (102).

La importancia de una buena habilidad motriz en la infancia reside en su estrecha
relacion con la habilidad motriz percibida y la participacion deportiva (103,108). De este
modo, las intervenciones con ejercicio fisico son efectivas para mejorar la habilidad motriz
a través de actividades con gran variedad de movimientos y en los que se desarrolle la
agilidad, la coordinacion y el equilibrio para producir una mejora en este grupo de
poblacidon vulnerable que rompa con el circulo vicioso de la obesidad que promueve la
inactividad ante la percepcion de incompetencia motriz (106). Es resefiable que no solo la
mejora de la habilidad motriz debe ser el objetivo principal, sino también la habilidad
motriz percibida, la cual incrementaré la autoestima y autopercepcion de capacidad, lo que
conllevard un incremento de la motivacion para practicar ejercicio fisico y actividades

deportivas (108).

1.3.2 Limitaciones del ejercicio

El ejercicio fisico es tan eficaz para mejorar la calidad de vida, mejorar el cuadro
clinico de muchas enfermedades y en definitiva promover la salud, que podria considerarse

un tratamiento farmacologico, siempre prestando atencion a la dosis y las caracteristicas de
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cada individuo (70). Sin embargo, de nada sirve el beneficioso efecto del ejercicio fisico si
existe un problema de adherencia al ejercicio (72). Este problema de adherencia esta
relacionado con otra limitacion en el 4rea de la investigacion del ejercicio fisico como es
la falta de transferencia de los resultados desde el laboratorio y el entorno controlado que
se da en una investigacion al mundo real (72). En el ambito infantil y de la adolescencia,
los factores mas influyentes en la adherencia al ejercicio fisico a nivel intrapersonal fueron
el género, la edad, la etnia y el autoconcepto; a nivel interpersonal y organizativo, el apoyo
de los amigos, los padres y los profesores fueron predictores positivos de la adherencia,
especialmente la disponibilidad de tiempo por parte de los padres de nifios y nifias; y por
ultimo, la accesibilidad de las instalaciones y la seguridad de los barrios fueron factores
cruciales (109).

Concretamente en Espaia, se puede observar un progresivo abandono de la practica
de actividad fisico-deportiva organizada, abandono que es mas acusado en nifias que en

nifios, como se puede observar en la Figura 21.

Figura 21. Practica de actividad fisico-deportiva organizada segun sexo y edad.
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Fuente: La figura pertenece al «Estudio PASOS (Physical Activity, Sedentarism

and Obesity of Spanish youth) - Resultados principales del estudio PASOS
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2019 sobre la actividad fisica, los estilos de vida y la obesidad de la poblacion

espafiola de 8 a 16 afiosy. (9)

Por mucho que una herramienta funcione, si no es lo suficientemente motivante o
atractiva como para ser aplicada de forma continua, esa herramienta no sera efectiva. Por
otro lado, es bien conocida la predileccion de los jovenes por las nuevas tecnologias y el
ocio de pantalla. Bajo el mas que justificado logo “si no puedes con tu enemigo, Unete a
¢1”, nacio la propuesta de utilizar videojuegos para promover la AF e intentar sustituir
tiempo de pantalla sedentario. De esta manera, se pretende una alianza con las nuevas
tecnologias para la lucha contra la obesidad infantil en vez de intentar luchar contra esas

nuevas tecnologias intentando imponer la practica de ejercicio fisico.

1.4 Videojuegos Activos

1.4.1 Definicion

Los exergames o VJA son un tipo de videojuegos que requieren que el jugador se
mueva, con el consiguiente mayor gasto energético, de modo que el dispositivo usado capta
ese movimiento (110). De esta manera, parecen ser dispositivos que promueven la AF y

por tanto la salud (111).

1.4.2 Efectos en el gasto energético y actividad fisica

La literatura cientifica ha demostrado el potencial de los VJA para aumentar el gasto
energético y sustituir las conductas sedentarias mediante la promocion de la AF ligera a
moderada (112—118). Una revision sistematica muy reciente ha mostrado que los VJA son
eficaces para alcanzar niveles de AF moderada y/o vigorosa y para reducir el IMC y la
grasa corporal entre nifios y adolescentes (119). De esta manera, algunos articulos proponen

los VJA como una estrategia o herramienta para alcanzar las recomendaciones de AF diaria
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(120-122). Los VJA también parecen ser una herramienta estratégica interesante para
fomentar un estilo de vida activo y saludable como alternativa a las conductas sedentarias
(114,123,124). Una revision sistemdatica mostré que las sesiones estructuradas de VJA
tenian el potencial de aumentar la AF en los nifios, pero no habia pruebas de los beneficios

de realizarlas en el entorno doméstico de forma autonoma (125).

1.4.3 Efectos en la condicion fisica: composicion corporal, condicion
muscular y condicion cardiorrespiratoria

La evidencia cientifica muestra efectos positivos de intervenciones con VJA en la
composicion corporal, especialmente en nifios/as y adolescentes con sobrepeso u obesidad.
La gran mayoria de estudios coinciden en encontrar que las intervenciones con VJA
disminuyen el peso o el IMC (126—129) y la grasa corporal (126), aunque hay algin estudio
que no reporta efectos (130—132) o incluso reporta incrementos en el IMC (133).
Atendiendo al grupo poblacional mas necesitado, los nifios/as y adolescentes con sobrepeso
u obesidad, los efectos de las intervenciones con VJA son incluso mejores. Muchos
estudios han reportado reducciones de peso, IMC, grasa corporal o porcentaje de grasa
corporal en este grupo poblacional tras una intervencion con VJA (134-144) frente a los
pocos articulos cuyos resultados no muestran efectos significativos (111,145-147). Esta
mejora de la composicion corporal, en concreto del IMC y la masa grasa parece ser
independiente de la etnia, sexo y nivel de condicion cardiorrespiratoria. Ademas, entre los
diferentes modos de juego, parece que el modo cooperativo funciona mejor que el
competitivo en nifios/as con sobrepeso u obesidad (140).

Por otro lado, las intervenciones supervisadas muestran un gasto energético mayor
(148), asi como las intervenciones a domicilio muestran ser menos efectivas (124).

Los resultados son menos claros y hay mas controversia en cuanto al efecto de los

VJA en la condicién cardiorrespiratoria, con estudios mostrando efectos positivos (134)
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frente a otros estudios que no reportan efectos significativos (111,147,149). Lo mismo
ocurre en juveniles con sobrepeso y obesidad, con estudios evidenciando un efecto
beneficioso de los VJA (127,133,150) y estudios evidenciando una ausencia de efecto tras
una intervencion con VJA (126,130,151). Esta poca claridad en los efectos positivos puede
deberse al disefo de las intervenciones, tanto a la duraciéon como a la intensidad alcanzada.
Es por eso que la propuesta de combinar una intervencion de VJA con ejercicio
multicomponente puede ser interesante a la hora de provocar un mayor efecto en los
componentes de la CF.

La evidencia cientifica tampoco aclara los efectos de los VJA en la fuerza muscular.
Algunos articulos han reportado mejoras en la fuerza muscular después de una intervencion
con VJA (127,152), mientras que otros no reportan efecto alguno (153,154). Los articulos
que han investigado las mejoras en la fuerza muscular en nifios/as con sobrepeso u obesidad
con VJA encontraron efectos positivos (143,144,149), exceptuando un estudio cuyo
programa de entrenamiento podria no haber sido lo suficiente intenso o con la suficiente
duracion (155). De la misma manera, combinar los VJA con ejercicio multicomponente
incluyendo el entrenamiento de fuerza puede proporcionar el estimulo suficiente para

mejorar este componente de la CF.

1.4.4 Efectos en la habilidad motriz

Los VJA parecen ser una estrategia efectiva para mejorar la habilidad motriz en nifios
y nifas, e incluso se podria proponer la inclusion de esta estrategia en el contenido
curricular escolar (156). Hay varios articulos que, aunque no especificamente en nifios/as
con sobrepeso u obesidad, muestran efectos positivos de los VJA en la habilidad motriz
(157-163), mientras que unos pocos no muestran efectos positivos (127,164,165). En

definitiva, parece que se puede mejorar la competencia motriz a través de los VJA

(166,167).
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1.4.5 Efectos en la motivacion y el bienestar psicologico

Los VJA parecen ser una herramienta eficaz para mejorar el autoconcepto, la
autoeficacia, el interés y la motivacion situacional, el disfrute y el bienestar psicologico y
social (168,169). En concreto, los VJA pueden tener efectos positivos sobre los aspectos

psicoldgicos y la salud mental de los nifios y adolescentes con sobrepeso u obesidad

(170,171).
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2. Hipotesis

Una intervencién con videojuegos activos combinados con ejercicio
multicomponente producira incrementos de gasto energético y mejoras significativas en la
condicion fisica y la habilidad motriz de nifios/as prepuberales con sobrepeso u obesidad.

El incremento de la condicion cardiorrespiratoria, la fuerza muscular y la habilidad
motriz junto con la mejora de la composicidon corporal usando videojuegos activos como
una alternativa mas atractiva al ejercicio fisico convencional supondra una ruptura con el

estilo de vida obesogénico en nifios/as con sobrepeso u obesidad.
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2. Hypotheses

Active video games will be an effective tool to improve physical fitness and motor
skills in both healthy-weight and overweight/obese children and adolescents and could be
a strategy to fight childhood obesity.

The improvement of cardiorespiratory endurance, muscular strength and motor skills
together with the decrease of fat mass and the increase or maintenance of lean mass and
bone mass using active video games as a more attractive alternative to conventional
physical exercise may represent a break with the obesogenic lifestyle, with the consequent

improvement of health.
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3. Objetivos

El objetivo general de la presente Tesis Doctoral es evaluar la efectividad de una
intervencion de ejercicio fisico con videojuegos activos combinados con ejercicio
multicomponente para aumentar el gasto energético y mejorar la condicidon fisica y
habilidad motriz en nifios/as prepuberales con sobrepeso u obesidad.

Los objetivos especificos enmarcados en cada uno de los cinco articulos que
componen esta Tesis Doctoral son:

Articulo I. Resumir y evaluar criticamente la investigacion existente sobre los
efectos de los videojuegos activos en la condicidn fisica relacionada con la salud y la
competencia motora en nifios/as y adolescentes con sobrepeso y obesidad y extraer
conclusiones sobre su efectividad.

Articulo IL. (I) Identificar y valorar criticamente los resultados de las investigaciones
actuales a partir de los datos obtenidos y agrupar los resultados de los estudios publicados
en un meta-analisis para determinar el potencial de los videojuegos activos para mejorar la
salud en nifios/as y adolescentes con peso saludable y para promover un estilo de vida mas
sano.

Articulo II. (II) Actualizar la evidencia cientifica existente sobre los videojuegos
activos para promocionar la salud, mejorar la condicion fisica e incrementar la habilidad
motriz, dado que el avance tecnologico de los videojuegos activos ha hecho que ofrezcan
mas posibilidades para incrementar el gasto energético.

Articulo II1. (I) Investigar el gasto energético de las sesiones con videojuegos activos
combinados con ejercicio multicomponente, asi como analizar el gasto energético de cada
uno de los dispositivos de videojuegos activos utilizados: Nintendo Wii®, Xbox Kinect®,
esterillas de baile, BRKOOL® ciclosimulador y Nintendo Ring Fit Adventures®, siendo este

ultimo innovador y muy actual.
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Articulo III. (IT) Examinar las diferencias de género en el gasto energético durante
las sesiones y entre los diferentes videojuegos activos.

Articulo IV. Examinar el efecto de una intervencion de videojuegos activos
combinada con ejercicio multicomponente sobre la condicion muscular, la actividad fisica
y las habilidades motoras en nifios/as prepuberales con sobrepeso u obesidad.

Articulo V. Investigar los efectos de una intervencion con videojuegos activos
combinada con un entrenamiento multicomponente en la condicion cardiorrespiratoria a

intensidades méximas y submaximas en nifos/as prepuberales con sobrepeso u obesidad.
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3. Aims

The general aim of this Doctoral Thesis is to evaluate the effectiveness of a physical
exercise intervention with active video games combined with multicomponent exercise to
improve physical fitness and motor skills in prepuberal children with overweight or obesity.
The specific aims of each of the five articles that compose this Thesis are:

Manuscript I. To summarize and critically evaluate existing research on the effects
of active video games on health-related physical fitness and motor skills in overweight and
obese children and adolescents and get conclusions about their effectiveness.

Manuscript I1. (I) Identify and critically appraise current research findings from the
data obtained and pool the results of published studies in a meta-analysis to determine the
potential of active video games to improve health in children and adolescents with healthy
weight and to promote a healthier lifestyle.

Manuscript I1. (II) To update the existing scientific evidence on active video games
to promote health, improve physical fitness and increase motor skills, given that the
technological advancement of active video games has made them offer more possibilities
to increase energy expenditure.

Manuscript III. (I) To investigate the energy expenditure of sessions with active
video games combined with multicomponent exercise, as well as to analyse the energy
expenditure of each of the active-videogame devices used: Nintendo Wii®, Xbox Kinect®,
dance mats, BKOOL® cyclosimulator and Nintendo Ring Fit Adventures®, the latter being
innovative and trendy.

Manuscript III. (II) To examine gender differences in energy expenditure during

sessions and between different active video games.
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Manuscript IV. To examine the effect of an intervention using active video games
combined with multicomponent exercise on muscular fitness, physical activity and motor
skills in prepuberal overweight or obese children.

Manuscript V. To investigate the effects of an intervention using active video games
combined with multicomponent training on cardiorespiratory fitness at maximal and

submaximal intensities in prepuberal children who are overweight or obese.
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4. Material y métodos

En este apartado se detallaran los procedimientos generales utilizados para obtener
los resultados que dan lugar a la presente Tesis Doctoral. Esta consta de dos articulos de
tipo revision sistematica con meta-analisis y de tres articulos originales derivados del
proyecto de investigacion. La metodologia concreta de cada estudio individual puede
consultarse en el manuscrito correspondiente en la seccion de Resultados y Discusion de

este documento.

4.1 Revision sistemadtica en nifios/as y adolescentes con sobrepeso u

obesidad

La revision sistematica que forma parte de la presente Tesis Doctoral fue elaborada
siguiendo los criterios y la metodologia establecidos por el Manual Cochrane para
Revisiones Sistematicas de Intervenciones (version 5.1.0 y 6.2) (172), y siguiendo las
indicaciones detalladas en la guia PRISMA (Preferred reporting items for systematic
reviews and meta-analyses) (173).

El protocolo de la revision fue establecido de manera previa al comienzo del
proceso de revision de la literatura cientifica y se registrd en el Registro Internacional
Prospectivo de Revisiones Sistematicas (PROSPERO), obteniendo el codigo

CRD42020189138.

4.1.1 Fuentes de datos y estrategia de busqueda
Para la elaboracion del estudio se revisaron sistematicamente las bases de datos de
PubMed, MEDLINE, Web of Science, y SPORTDiscus, con el objetivo de identificar y

recopilar todas las investigaciones de interés publicadas hasta el 1 de marzo del 2021.
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La estrategia de busqueda utilizada en las diferentes bases de datos se realizo a
través de la combinacion de diferentes términos indexados y de texto libre:
B PubMed y MEDLINE: “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”, y se aplicaron los filtros “Especies: Humanos”
e “Idioma: Inlgés”.
B SportDiscus: “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)” y se aplicaron los filtros “Tipo de documento:
articulo” e “Idioma: Inlgés”.
B Web of Science: “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)” y se aplicaron los filtros “Tipo de documento:
articulo” e “Idioma: Inlgés”.
Ademas, se verificaron las referencias de los articulos incluidos para encontrar
estudios potencialmente relevantes. Dos revisores independientes (CCC, AGA)
examinaron los titulos y resimenes de los articulos y decidieron cudl de ellos necesitaba

un examen mas detenido del texto completo.

4.1.2. Criterios de inclusion y de exclusion

Para elaborar la revision solo se recopilaron estudios originales, excluyendo todo
tipo de informes de simposios, protocolos, cartas al editor, resimenes de conferencias,
libros, opiniones de expertos y revisiones de cualquier tipo.

Se examinaron los titulos y los resumenes, y se obtuvieron y evaluaron los articulos

de interés utilizando los criterios de inclusion y exclusion.
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Los criterios de inclusion se utilizaron siguiendo el formato PICOS (Poblacion,
Intervencion, Comparacion, Resultados y Estudio) (174), y fueron que los estudios trataran
el tema de interés de la revision con nios/as y adolescentes con sobrepeso u obesidad, que
fueran ensayos controlados aleatorizados o no aleatorizados de disefio longitudinal que
estudiaran los efectos de una intervencion de VJA en los componentes de CF relacionados
con la salud y en la habilidad motriz, con un grupo control que no realizara ninguna
intervencion o que realizara una intervencion con ejercicio fisico convencional, que
midieran variables de habilidad motriz o componentes de la CF relacionados con la salud
tales como condicidon cardiorrespiratoria, condicion muscular o composicion corporal, y
que estuvieran publicados en inglés. Los ensayos no controlados se consideraron en la
discusion del articulo con la consideracion de la gran limitacion que supone la falta de un
grupo control en la interpretacion de los resultados, pero no se incluyeron en las

evaluaciones del riesgo de sesgo ni en el meta-analisis.

4.1.3. Evaluacion del riesgo de sesgo

Se utilizaron dos herramientas en funcion del disefio de cada estudio incluido para
evaluar el riesgo de sesgo de los estudios incluidos. Se utiliz6 el Risk of Bias-2 (175) para
evaluar los ensayos controlados aleatorizados, y el ROBINS-I (Risk of Bias in
Nonrandomised Studies of Interventions) (176) para evaluar los ensayos controlados no
aleatorizados.

Risk of Bias-2 utiliza 5 criterios para evaluar la calidad metodologica de los estudios
para obtener una valoracion global de “bajo riesgo”, “algunos problemas” o “alto riesgo”.
Cada uno de esos cinco criterios evalua un aspecto del estudio: el proceso de aleatorizacion,
cambios respecto a la intervencion prevista, falta de datos de los resultados, medicion de

los resultados y seleccion de los resultados reportados. Cada criterio tiene sub-apartados en

los que se debe contestar “si” 0 “no”, y en funcion de esa respuesta se evaluara un apartado
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como “bajo riesgo”, “algunos problemas” o “alto riesgo”, para finalmente obtener la
valoracion global.

Por otro lado, el ROBINS-I se estructura en tres partes, evaluando el riesgo de sesgo
tanto en la parte de pre-intervencion, durante la intervencion y post-intervencion y utiliza
7 criterios. En la parte de pre-intervencion se evaliian las variables de confusion y en el
reclutamiento y seleccion de participantes, en la parte de intervencion se valora la
aplicacion de esa intervencion y en la parte post-intervencion se evaliian cambios respecto
a la intervencion prevista y datos o resultados no reportados. Las posibilidades de respuesta

o s e » o«

son “si”, “probablemente si”, “no”, “probablemente no”, “no aplica” o “sin informacion”.

En funcién de las respuestas, se clasificara el riesgo de sesgo de alto, medio, bajo o critico.

4.2 Revision sistematica en niflos/as y adolescentes con normopeso

La revision sistematica que forma parte de la presente Tesis Doctoral fue elaborada
siguiendo los criterios y la metodologia establecidos por el Manual Cochrane para
Revisiones Sistematicas de Intervenciones (version 5.1.0 y 6.2) (172), y siguiendo las
indicaciones detalladas en la guia PRISMA (Preferred reporting items for systematic
reviews and meta-analyses) (173).

El protocolo dela revision fue establecido de manera previa al comienzo del proceso
de revision de la literatura cientifica y se registrd en el Registro Internacional Prospectivo

de Revisiones Sistematicas (PROSPERO), obteniendo el codigo CRD42020222831.

4.2.1 Fuentes de datos y estrategia de busqueda

Para la elaboracion del estudio se revisaron sistematicamente las bases de datos de
PubMed, MEDLINE, Web of Science, y SPORTDiscus, con el objetivo de identificar y

recopilar todas las investigaciones de interés publicadas hasta el 1 de marzo del 2021.
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La estrategia de busqueda utilizada en las diferentes bases de datos se realizo a
través de la combinacion de diferentes términos indexados y de texto libre:

B PubMed y MEDLINE: “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”, y se aplicaron los filtros “Especies: Humanos”
e “Idioma: Inlgés”.

B SportDiscus: “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)” y se aplicaron los filtros “Tipo de documento:
articulo” e “Idioma: Inlgés”.

B Web of Science: “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)” y se aplicaron los filtros “Tipo de documento:

articulo” e “Idioma: Inlgés”.

4.2.2 Criterios de inclusion y de exclusion

Para elaborar la revision solo se recopilaron estudios originales, excluyendo todo
tipo de informes de simposios, protocolos, cartas al editor, resimenes de conferencias,
libros, opiniones de expertos y revisiones de cualquier tipo.

Se examinaron los titulos y los resimenes, y se obtuvieron y evaluaron los articulos
de interés utilizando los criterios de inclusion y exclusion

Los criterios de inclusion se utilizaron siguiendo el formato PICOS (Poblacion,
Intervencion, Comparacion, Resultados y Estudio) (174) y fueron que los estudios trataran
el tema de interés de la revision con nifios/as y adolescentes con sobrepeso u obesidad, que
fueran ensayos controlados aleatorizados o no aleatorizados de disefio longitudinal que

estudiaran los efectos de una intervencion de VJA en los componentes de CF relacionados
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con la salud y en la habilidad motriz, con un grupo control que no realizara ninguna
intervencidon o que realizara una intervencion con ejercicio fisico convencional, que
midieran variables de habilidad motriz o componentes de la CF relacionados con la salud
tales como condicion cardiorrespiratoria, condicion muscular o composicion corporal, y
que estuvieran publicados en inglés. Los ensayos no controlados se consideraron en la
discusion del articulo con la consideracion de la gran limitacion que supone la falta de un
grupo control en la interpretacion de los resultados, pero no se incluyeron en las

evaluaciones del riesgo de sesgo ni en el meta-analisis.

4.2.3 Evaluacion del riesgo de sesgo

Se utilizaron dos herramientas en funcion del disefio de cada estudio incluido para
evaluar el riesgo de sesgo de los estudios incluido. Se utilizo el Risk of Bias-2 (175) para
evaluar los ensayos controlados aleatorizados, y el ROBINS-I (Risk of Bias in
Nonrandomised Studies of Interventions) (176) para evaluar los ensayos controlados no
aleatorizados.

Risk of Bias-2 utiliza 5 criterios para evaluar la calidad metodoldgica de los estudios
para obtener una valoracion global de “bajo riesgo”, “algunos problemas” o “alto riesgo”.
Cada uno de esos cinco criterios evalta un aspecto del estudio: el proceso de aleatorizacion,
cambios respecto a la intervencion prevista, falta de datos de los resultados, medicion de
los resultados y seleccion de los resultados reportados. Cada criterio tiene sub-apartados en
los que se debe contestar “si”” 0 “no”, y en funcion de esa respuesta se evaluara un apartado
como “bajo riesgo”, “algunos problemas” o “alto riesgo”, para finalmente obtener la
valoracion global.

Por otro lado, el ROBINS-I se estructura en tres partes, evaluando el riesgo de sesgo

tanto en la parte de pre-intervencion, durante la intervencion y post-intervencion y utiliza

7 criterios. En la parte de pre-intervencion se evaluan las variables de confusion y en el
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reclutamiento y seleccion de participantes, en la parte de intervencion se valora la

aplicacion de esa intervencion y en la parte post-intervencion se evaliian cambios respecto

a la intervencion prevista y datos o resultados no reportados. Las posibilidades de respuesta
(Y940 TS &5 EN13 29 6 29 C¢

son “si”, “probablemente si”, “no”, “probablemente no”, “no aplica” o “sin informacion”.

En funcién de las respuestas, se clasificara el riesgo de sesgo de alto, medio, bajo o critico.

4.3 Proyecto VIDEOACTIVO

VIDEOACTIVO, un proyecto con el titulo “Videojuegos activos frente a la
obesidad y el sedentarismo en nifios y nifias de 9 a 11 afios: una propuesta disruptiva” es
un estudio longitudinal que comenzo6 en 2018, cuyo investigador principal es José¢ Antonio
Casajus Mallén y coordinado también por el doctor Alejandro Gonzalez de Agiiero
Lafuente. Los objetivos generales son evaluar la efectividad de un programa de VJA sobre
los factores de riesgo cardiometabolico, marcadores de inflamacion y parametros de CF en
nifios y nifias con sobrepeso/obesidad, ademas de estudiar la adherencia a la practica de AF
y los cambios en parametros de habitos saludables que les permitan alcanzar las

recomendaciones diarias de AF.

4.3.1 Muestray diseno del estudio

Se trata de un estudio de caracter longitudinal, concretamente es un ensayo
controlado aleatorizado y cruzado que investiga la efectividad de una intervencién de
ejercicio fisico con VJA combinados con ejercicio multicomponente para mejorar la CF y
habilidad motriz en nifios/as prepuberales con sobrepeso u obesidad. Aunque el disefio
original planificaba un desarrollo de la intervencion de un afio para que el proyecto durara
2 afos como se puede ver en el disefio ideal en el Anexo 1, debido a la dificultad encontrada
en el reclutamiento, se planificaron dos afios de desarrollo de programa, un primer afio con

los participantes reclutados y un segundo afio para incrementar la muestra del estudio. Al
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ser un estudio aleatorizado y cruzado, el proceso de desarrollo del proyecto se planifico
para tres afios, sin embargo, el segundo afio fue interrumpido por la COVID-19. Esta
situacioén provoco la paralizacion del proyecto debido a las restricciones decretadas por el
Gobierno de Espaia.

Se calcul6 el tamafio de la muestra teniendo en cuenta el objetivo principal del
estudio y la magnitud del cambio en la variable de efecto de la intervencion. Este proyecto
cuenta con bastantes variables de interés, por lo que se realiz6 una simulacion del calculo
del tamafio muestral en referencia a tres variables de interés: HOMA, VO2max € insulina en
ayunas. Para el error tipo I, a (la probabilidad de rechazar incorrectamente la hipotesis
nula), se simularon valores en un rango desde a=0,01 hasta a=0,1. Para el error tipo I,
(la probabilidad de aceptar incorrectamente la hipétesis alternativa) asumiremos un valor
frecuente del 20%; p=0,2 y, por tanto, un poder estadistico de 0,8. También se asumid que
en cada grupo independiente tenemos un tamafio de muestra igual nl (intervenciéon) = n2
(control). De esta forma, el tamafo de muestra total sera N = nl+n2. Para realizar los
calculos se utilizo la herramienta G*Power (version 3.1.9.2 para Mac) aplicando el test de
tamafio muestral para pruebas t de Student para dos muestras independientes, ya que el
objetivo era comparar diferencias entre grupos. En el disefio del estudio se consideran para
cada sexo, principalmente, dos grupos independientes: intervencién y control; y en cada
grupo se realizan medidas basales (pre) y posteriores al periodo de intervencion (post), de
forma que se pueden calcular diferencias pre-intervencion y post-intervencion. Para
realizar el calculo muestral, se utilizaron los valores de a y B3, previamente definidos, y del
tamafio del efecto, en este caso el valor d de Cohen para cada una de las variables de estudio.
Para ello, se revisaron estudios previos en los que se observa que las diferencias pre-post
intervencion alcanzan tamafios del efecto (d de Cohen) de 0,85 para HOMA (Nemet y col.

2013), 1,01 para VO2max (Murphy y col. 2009) y 1,08 para insulina en ayunas (Murphy y
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col. 2009). En la Tabla 1 se muestra la simulacion para el rango de valores de a, para las
distintas variables, asumiendo el valor fijo de =0,2.

Tabla 1. Tamafio muestral para las diferentes variables, con un valor fijo de B =

0,2, para un rango de a.

Valor o | VOamax HOMA  Insulina en ayunas
0,01 41,9 53,1 43,5
0,02 34,9 45,5 37,2
0,03 30,8 41,0 33,6
0,04 27,8 37,9 31,0
Bl
0,06 23,7 334 27,3
0,07 22,1 31,7 25,9
0,08 20,8 30,2 24,7
0,09 19,6 28,9 23,6
0,1 18,5 27,7 22,7

Fuente: Elaboracion propia

A partir de este calculo, se puede observar como los tamafos de la muestra varian
considerablemente atendiendo a cada variable, desde N=25 para el VOomax, hasta N=36
para HOMA. Tomando como referencia para el estudio el valor mas alto de las tres
variables, el tamafio total de la muestra seria de N=36; 18 participantes en cada grupo. Sin
embargo, el numero de sujetos a reclutar depende, ademas, de las posibles pérdidas o
abandonos de los participantes: N'=N/(1-p), de forma que si las pérdidas se estimaran en

un 20%, el numero de participantes a reclutar seria N'=36/(1-0,2), N'=45, 0 46 participantes
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para tener 23 participantes en cada grupo. Al tener que dividir a los participantes por sexo
para realizar los analisis estadisticos, la N final del proyecto se duplica, con una muestra
idealmente de 46 chicos y 46 chicas, es decir N=92.

El objetivo tras el calculo muestral fue de 92 participantes. Sin embargo, como se
ha comentado anteriormente, el proceso de reclutamiento fue dificil y no tan exitosos como
estaba planificado. Es por eso que se priorizo el grupo intervencion en el primer afio de
reclutamiento con el objetivo de completar el grupo control en el reclutamiento del segundo
aflo, por lo que se hizo una aleatorizacion 2:1 en el primer afio de proyecto. No obstante,
ante la paralizacion del proyecto, el nimero de participantes asignados al grupo de
intervencion y al grupo control quedd desequilibrado al tener 21 nifios que realizaron la
intervencion con VJA el primer afo frente a 8 nifios/as que compusieron el grupo control.
La muestra final fue de 66 ninos/as con sobrepeso u obesidad, de los cuales 31 tienen
mediciones pre-intervencion y post-intervencion, con 2 abandonos en el grupo control, 21
nifios en el grupo intervencion y 8 nifios en el grupo control. En la Figura 22 se puede ver
un diagrama de flujo explicativo del nlimero de participantes y la asignacion aleatoria a

cada grupo.

Figura 22. Diagrama de flujo explicativo del nimero de participantes y la

asignacion aleatorizada
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FASE 1 (1° ANO) " FASE 2 (2° ANO)

Participantes reclutados (n = 33) " Participantes reclutados (n = 36)

!
Excluidos (n = 2) " -
> -No cumplian con los criterios de inclusién (n = 1) Excluidos (n=1)
- No quisieron participar (n = 1) " - No quisieron participar (n = 1)
Asignacién —— " - -
Randomizacion (n=31) Randomizacién (n=35)
Asignados al grupo de videojuegos | sigusdosal gopo couol @=10) | I Asignadosl gpo de vidojegos [ asiomadosalgupoconrol @-19) |
N activos (n=21)
Seguimiento l " l l
Perdidos durante el seguimiento Perdidos durante el seguimiento I | Perdidos en el seguimiento (n = 35) debido a la situacién provocada por la COVID-19 |
@=0) (@=2) "
1 1 ]

Analizados (n = 20) Analizados (n = 8) Il
Excluidos del Excluidos del I
andlisis (n=1) analisis: ninguno I

Fuente: Elaboracion propia

4.3.2 Comité de ética del estudio

Este estudio se llevo a cabo siguiendo las Normas Deontoldgicas reconocidas por
la Declaracion de Helsinki de 1975 (revisada en la 64 Asamblea General, Fortaleza, Brasil,
octubre 2013), las Normas de Buena Practica Clinica y cumpliendo la legislacion y la
normativa legal espafiola que regula la investigacion clinica en humanos (Real Decreto
223/2004 sobre regulacion de ensayos clinicos).

El proyecto fue aprobado por el Comité de Etica de Investigacion Clinica de Aragdn
(CEICA), recibiendo el dictamen favorable de dicho Comité (18/2008) tanto para la
realizacion de las mediciones previas y posteriores a la intervencion como para la propia
intervencion (Anexo 2). Todos los participantes del estudio tuvieron que firmar un
consentimiento informado (Anexo 3) de manera previa a su participacion en el estudio, y
recibieron informacion tanto oral como escrita sobre el proyecto, las mediciones que se

iban a realizar y la intervencién con VJA.
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4.3.3 Pruebas y valoraciones del estudio

La fase experimental de recogida de datos se llevo a cabo en el laboratorio del grupo
de investigacion Growth, Exercise, Nutrition and Development (GENUD) de la
Universidad de Zaragoza. Cada participante realizo todas las valoraciones previas al inicio
de la intervencion durante una tarde después de la jornada escolar, al igual que las
valoraciones posteriores a la intervencion. La habilidad motriz se evalué en las primeras
sesiones de intervencion o en el propio colegio durante el recreo o la clase de Educacion
Fisica en caso de los participantes del grupo control. Estas pruebas y valoraciones se

realizaron siempre en un orden idéntico para evitar sesgos.

4.3.3.1 Mediciones antropométricas y valoracion de la composicion
corporal

Todas las pruebas de composicion corporal se realizaron por el mismo personal
cualificado. Las mediciones antropométricas se llevaron a cabo segun el protocolo que
marca la Sociedad Internacional para el Avance de la Cineantropometria (ISAK) (177). Se
midio la talla y la talla sentado con un estadidmetro con precision 0,1 cm (SECA 225,
SECA, Hamburgo, Alemania) y un cajéon antropométrico, y el peso con una béscula de
precision 0,1 kg (SECA 861, SECA, Hamburgo, Alemania). También se midieron los
perimetros de cintura y cadera con una cinta antropométrica (Holtain).

La masa grasa, magra y 6sea se determinaron mediante absorciometria fotonica dual
de rayos X (DXA) utilizando el software y los valores de referencia pediatricos (Hologic
Explorer, Hologic Corp., Software version mas reciente, Waltham, MA). A partir del
analisis regional y total del escaner completo del cuerpo se valoro: el porcentaje de grasa 'y
la masa grasa y magra total, subtotal (total menos cabeza), troncal y extremidades. Se
calculd el 4rea total (cm?) y contenido mineral 6seo (CMO; g) y se obtuvo la densidad

mineral 6sea (DMO) siguiendo la formula DMO = CMO - 4rea’!. El DXA también
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reportaba el valor Z-Score, un dato que nos da informacion sobre cuanto se acerca o aleja
un participante de la media segin su edad y sexo. La masa grasa y magra subtotal (cuerpo
total menos la cabeza), troncal, del tren inferior (calculada con la media de ambas piernas)
y del tren superior (calculada con la media de ambos brazos) se obtuvo a partir de las
exploraciones de cuerpo entero. Todos los andlisis de DXA fueron realizados por el mismo
investigador capacitado. El coeficiente de variacion de la DXA en el laboratorio para el
area oOsea fue del 2,6%, para el contenido mineral 6seo fue del 2,3% y para la densidad
mineral 6sea fue del 1,3% (178). Ademas, se calculd el indice de masa grasa y magra
normalizado a la altura y se obtuvieron puntuaciones normalizadas basadas en los valores
de referencia del estudio realizado por Weber y col. (179). Se entrego6 a cada participante
un informe del andlisis DXA.

Se midieron los indices de resistencia 6sea, la morfometria o0sea, el area Osea, los
indices de resistencia y la microarquitectura del hueso trabecular en la tibia no dominante
con la realizacién de una tomografia cuantitativa computerizada periférica utilizando un
escaner Stratec XCT-2000 L pQCT (Stratec Medizintechnik, Pforzheim, Alemania). El
dispositivo es un escaner de tomografia computerizada de rotacion y traslacion de pequefio
calibre que obtiene una imagen trans-axial. El pQCT se calibré diariamente basandose en
un fantoma de control de calidad proporcionado por el fabricante (Stratec Medizintechnik,
Pforzheim, Alemania). Los coeficientes de variacion para cada variable de la pQCT en
nuestro laboratorio para cada variable ya han sido reportados (180).

La extremidad no dominante se determiné preguntando qué pierna se utilizaria para
patear una pelota. Los participantes se sentaron en una silla ajustable a las proporciones
corporales de cada participante. La longitud de la tibia se midi6 desde el borde medial
superior de la tibia hasta el punto mas alejado del maléolo medial de la tibia, y siempre fue
determinada por el mismo técnico utilizando una regla de madera. La pierna evaluada se
colocd en el centro del campo de imagen, y el pie y la rodilla se aseguraron para minimizar
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el movimiento. El escéner se colocd en el extremo distal de la tibia, y se realizd una
radiografia computerizada coronal (vista de exploracion) para localizar manualmente la
linea de referencia en el punto medio de la placa terminal de la tibia distal.

Las mediciones 6seas se realizaron al 4%, 38% y 66% de la longitud de Ia tibia.
Siguiendo las recomendaciones de la Sociedad Internacional de Densitometria Clinica
(ISCD) (181), las variables evaluadas en el 8% fueron el area osea total, el area trabecular,
la DMO total y la DMO trabecular. Las variables medidas en el 38% fueron el area 6sea
total, la DMO total, el grosor cortical (CRT THK38), la circunferencia peridstica
(PERI38), la circunferencia enddstica (ENDO38), el area 6sea cortical, la densidad 6sea
cortical y el indice de deformacién de la fuerza polar (SSIPOL38). En el lugar del 66% de
la tibia, se obtuvieron el area 6sea total, la DMO total, el grosor cortical (CRT_THK®66), la
circunferencia periostica (PERI66), la circunferencia endostica (ENDO66), el area osea
cortical, la densidad 6sea cortical, el indice de tension de resistencia polar (SSIPOL66) y
la carga de fractura en el eje X (FRC_LDX66) yenel eje Y (FRC _LDY66). Las imagenes
se analizaron con la version 6.20 del software del fabricante. De esta manera se obtuvo un
analisis selectivo del area y la densidad cortical y trabecular, la seccion transversal, grosor
cortical, circunferencias del endostio y periostio, asi como de indices biomecanicos de

tension.

4.3.3.2 Condicion cardiorrespiratoria
Para evaluar la condicion cardiorrespiratoria se empled un protocolo de marcha para
evaluar la aptitud cardiovascular. La prueba se realizé en una cinta de correr (Quasar Med
4.0, h/p/cosmos) con una mascara facial. Se explico la prueba a los participantes, y previo
a la prueba de esfuerzo se realizd una evaluacion basal con auscultacion cardiaca y
respiratoria, electrocardiograma basal y registro de la presion arterial basal. Un médico

especialista en medicina deportiva superviso toda la prueba y realizé un examen preclinico
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para determinar si el participante era apto para realizar la prueba de esfuerzo. Se colocaron
electrodos a los participantes y se les midio la respuesta cardiaca y la frecuencia cardiaca
(FC) en reposo antes de comenzar. Tras colocarles el arnés de seguridad, la prueba comenzo
a un ritmo de marcha cémodo (3,2 km/h), y la velocidad se increment6 en 0,8 km/h cada 2
minutos hasta que los participantes caminaron rapidamente (5,6 km/h), que fue la velocidad
maxima alcanzada durante la prueba. A continuacion, se aument6 la pendiente en un 4%
cada minuto hasta el agotamiento o hasta una pendiente maxima del 24%. Los datos de
intercambio de gases respiratorios se midieron respiracion a respiracion mediante
espirometria de circuito abierto (Oxycon Pro, Jaecger/Viasys Healthcare).

Los valores maximos de consumo de oxigeno y FC se definieron como los valores
medios mas altos obtenidos durante cualquier periodo continuo de 15 segundos. El
analizador de gases se calibré diariamente con un gas y un volumen conocidos segun las
recomendaciones del fabricante.

La FC se registr6 de forma continua mediante un electrocardiograma de 12
derivaciones (H12+, Mortara Instrument) desde el principio hasta el final de la prueba de
esfuerzo. El valor maximo de la FC fue el valor mas alto de la FC registrado durante la
ultima fase del ejercicio. También se midio la presion arterial con un monitor digital (M3,
HEM-7200-E, Omron Healthcare Europe), por razones de salud y seguridad, antes de la
prueba de esfuerzo maximo con el participante tumbado en posicion de inclinacién, y
durante el periodo de recuperacion en posicion de pie, ambos en el brazo derecho. Los
manguitos se ajustaron a la circunferencia del brazo sometido a la prueba y la medicion se
realiz6 dos veces. Los participantes debian estar en reposo 5 minutos antes de la medicion
previa a la prueba.

Es importante remarcar la dificultad de los nifios y nifias, especialmente aquellos con
sobrepeso u obesidad, para cumplir con todos los criterios de maximalidad en la prueba de

esfuerzo y demostrar una meseta en su consumo maximo de oxigeno (80). Para determinar
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si la prueba de esfuerzo fue maxima y si los datos de FC y VOomax fueron vélidos, se busco
que los participantes alcanzaran su FC maxima teorica al final de la prueba y una tasa de
intercambio respiratorio >1.15 (182). Solo 4 de los 28 participantes en la prueba de esfuerzo
de las mediciones iniciales y 3 de los 28 participantes en la prueba de esfuerzo posterior al
periodo de intervencion no alcanzaron el 90% de su FC maxima tedrica al final de la prueba
de esfuerzo méaximo, pero lograron una tasa de intercambio respiratorio muy cercano, igual

o superior a 1,15. Por lo tanto, se puede afirmar que las pruebas fueron méaximas.

4.3.3.3 Condicion muscular

Salto vertical con contramovimiento:

El salto vertical con contramovimiento o countermovement jump (CMJ) se evaluo
utilizando una plataforma de fuerza Kistler 9260AA (Kistler Holding AG, Winterthur,
Suiza). Los nifios estaban en posicion de pie con ambas manos en las caderas para aislar la
accion de los miembros inferiores, sin accion de miembros superiores. Para la realizacion
del contramovimiento, se pidid a los nifios que realizaran una media sentadilla rdpida antes
de iniciar el salto, sin detenerse tras la bajada. Se permitieron tres intentos y se registro la
mejor ejecucion para su posterior analisis. Las puntuaciones normalizadas se obtuvieron

basandose en los resultados del estudio realizado por Focke y col. (183). La altura del salto

se calculo a partir del tiempo de vuelo mediante la siguiente ecuacion: h, = %”)2 (184).

Fuerza isométrica maxima de la extension de la rodilla:

La fuerza isométrica maxima de la extension de la rodilla se midié con la galga
extensiométrica a través de un medidor de sefializacién (Universidad de Zaragoza,
Zaragoza, Espafia). Los niflos partian de una posicion sentada con las rodillas flexionadas
90°. La galga se coloco en el tercio distal anterior de la tibia, la cual esta conectada al
extensometro, registrando los datos de fuerza durante el tiempo que el participante tenia

que realizar la maxima extension de rodilla hasta que la curva de fuerza comenzaba a
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disminuir. Se permitieron tres intentos para cada pierna, registrandose el mejor rendimiento
de cada pierna y se obtuvo la media del mejor intento de cada pierna para cuantificar la
fuerza de extension isométrica de la rodilla. Las puntuaciones normalizadas se obtuvieron

basandose en los valores de referencia del estudio realizado por Beenakker y col. (185).

Dinamometria manual:

La prueba de fuerza de agarre de la mano se midi6 utilizando un dinamoémetro de
agarre de la mano (TKK 5001, agarre A; Takei) (rango, 0-100 kg; precision, 0,1 kg). Los
nifios se encontraban en posicion de pie manteniendo el brazo del lado examinado recto
hacia abajo con el hombro ligeramente abducido (~10° sin tocar el resto del cuerpo), el
codo en 0° de flexion, el antebrazo en posicion neutra y la mufieca en 0° de flexion. Se
utilizo el mejor valor de tres intentos con cada mano y se obtuvo la media del mejor intento
de cada brazo para cuantificar la fuerza de tren superior. Los percentiles de fuerza de agarre
de la mano por edad y sexo se calcularon basdndose en los valores normativos de nifos y
adolescentes de 9 a 17 afios de edad que representaban a 24 paises propuestos por

Tomkinson y col. (79).

4.3.3.4 Actividad fisica

La AF y las conductas sedentarias se evaluaron objetivamente antes y después de la
intervencion utilizando los acelerometros GENEActiv calibrados (Activinsights Ltd.,
Kimbolton, Cambridgeshire, Reino Unido) (186). Todos los participantes llevaron el
acelerometro en la mufieca izquierda durante 7 dias consecutivos (187). Los dispositivos
se configuraron para registrar con una frecuencia de 30 Hz.

Se pidio a los participantes que llevaran los dispositivos durante todo el dia durante
7 dias, incluso durante el suefio y las actividades acudticas. Se dieron instrucciones verbales

a los padres junto con una hoja de registro en caso de que se retirara el dispositivo.
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Los datos del acelerometro se descargaron utilizando el software GENEActiv version
3.2 y se agregaron en épocas de 15 s para su posterior andlisis utilizando el software R. Los
periodos en los que no se llevo el acelerémetro se detectaron siguiendo el método propuesto
por van Hees y col. (188) y se eliminaron de los registros y los participantes con menos de
4 dias validos (<10 horas de tiempo de uso por dia) fueron excluidos del analisis de la
acelerometria. El tiempo durante las conductas sedentarias y de AF a diferentes
intensidades fue registrado, clasificando una AF como ligera, moderada o vigorosa segin
los puntos de corte propuestos por Schaefer y col. (189) en 0,190 g, 0,314 g y 0,998 g,
respectivamente. El tiempo de suefio no se incluyo en el tiempo de sedentarismo y la AF

total se calculd como la suma de los minutos de intensidad ligera, moderada y vigorosa.

4.3.3.5 Gasto energético durante las sesiones

La duracion y la intensidad de la AF de los nifios se cuantificd objetivamente
utilizando acelerometros triaxiales (ActiGraph-GT3X + BT, ActigraphTM, LLC, Fort
Walton Beach, FL, EE.UU.). Los nifios llevaron los acelerometros durante toda la sesion.
Estos dispositivos se colocaron en la cadera izquierda, que ha demostrado ser la region que
proporciona los datos mas fiables utilizando esta técnica (190). Los acelerometros se
utilizaron para registrar la frecuencia cardiaca medida por el sensor de frecuencia cardiaca
Polar H10 (Polar Electro Oy., Lake Success, NY, EE.UU.) y la correa toracica Pro,
conectado a la aplicacion a través de Bluetooth. Los nifios llevaban el sensor de frecuencia
cardiaca Polar H10 durante varias las sesiones, junto con el acelerometro. Era importante
asegurar la correcta colocacion de la banda pectoral y evitar interferencias con otros
participantes que también llevaban la banda y el acelerometro. La persona encargada debia
anotar la hora justa de inicio y de final de cada actividad, para posteriormente conocer en
qué dispositivo de VJA o en qué actividad se habia realizado ese gasto energético, ya que

se exportaban los datos de la sesiéon completa.
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Se registré la FC y el VO, de cada sujeto tanto en esfuerzos submaximos como en el
esfuerzo maximo a través de una prueba de esfuerzo maxima. Para calcular el consumo de
oxigeno durante todas las partes de la sesion a partir de la frecuencia cardiaca registrada,
se calcul6 una ecuacion de regresion lineal para cada participante a partir de los datos de
frecuencia cardiaca y consumo de oxigeno durante todas las fases de la prueba en cinta
rodante. A continuacion, se estimo el gasto energético durante cada ejercicio y toda la
sesion utilizando esta ecuacion desarrollada para cada nifio y los datos de frecuencia
cardiaca obtenidos de los acelerémetros y del sensor de frecuencia cardiaca Polar H10. Los
datos de aceleraciones obtenidos con los acelerometros no se tuvieron en cuenta debido a
que no son adecuados para cuantificar el gasto en ciertas actividades como el ejercicio en
el ciclosimulador. No obstante, la estimacion del gasto con la frecuencia cardiaca utilizando
las frecuencias cardiacas obtenidas en la prueba de esfuerzo maxima es un método valido
y fiable para medir el gasto energético (191,192), y es incluso mas fiable que los datos de
la acelerometria (193), teniendo en cuenta ademés que uno de los dispositivos utilizados
consiste en un ciclosimulador, que podria no ser registrado de forma fiable por la

acelerometria.

4.3.3.6 Habilidad motriz

La habilidad motriz fue evaluada en el grupo de intervencion, utilizando el Test para
el Desarrollo Motor Grueso-3* Edicion (TGMD-3 - The Test of Gross Motor Development—
Third Edition), que evalua 13 habilidades motoras fundamentales, subdivididas en
dominios locomotores y de control de objetos (194). El TGMD-3 tiene dos partes: una parte
en la que se valora la habilidad motriz gruesa locomotora que se centra en los diferentes
desplazamientos que requieren coordinacion, y otra parte en la que se valora la habilidad
motriz gruesa que incluye un implemento que lanzar, golpear, recepcionar, botar o chutar.

El TGMD-3 proporciona una puntuacion global que nos informa sobre la habilidad motriz
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de los nifios y nifias a través de una puntuacion total. E1l TGMD-3 fue evaluado y codificado
de acuerdo con el protocolo de administracion y calificacion estandarizada. Una
explicacion detallada de la administracion y la codificacion se puede encontrar en la pagina
web de la TGMD-3 (195), con informaciéon general, una breve guia de administracion,
algunos videos utiles y cuatro videos de fiabilidad. Los investigadores que evaluaron las
habilidades motoras con esta herramienta completaron la evaluacion de los cuatro videos
de fiabilidad para comprobar la consistencia de la administracion y codificacion, ademas
de la variabilidad intra- e inter-observador. La puntuacién de las pruebas, la codificacion
de los resultados y los percentiles se obtuvieron basdndose en el manual del examinador

(196).

4.3.3.7 Maduracion sexual
Un médico experimentado, evalud directamente los estadios de Tanner (197) de los
participantes. También se determind en las muestras sanguineas la hormona
foliculoestimulante (FSH), hormona luteinizante (LH) y testosterona total. El desarrollo
madurativo se calculd usando la talla sentado o la talla con la ecuacién propuesta en la

revision de Koziel y col. (198).

4.3.3.8 Presion arterial
Se midié la frecuencia cardiaca, la tension arterial sistolica y diastolica, por
duplicado, en reposo con un tensiometro (Omron M3). Esta medicion se realizo después de
la valoracion del DXA dado que permanecian en tendido supino y relajados al menos 10

minutos. Esta medicion se realizo en la arteria braquial del brazo izquierdo.
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4.3.4 Pruebas y valoraciones del estudio que no fueron utilizados en la

presente tesis

4.3.4.1 Parametros bioquimicos

Las muestras de sangre en ayunas se extrajeron de la vena antecubital con una
palomilla de extraccion sanguinea y se colocaron en tubos de separacion de suero con gel
(5§ mL) y en tubos con 18 mg de EDTA para el andlisis hematoldgico (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA). A continuacién, se codificaron los tubos de
sangre, se centrifugaron las muestras en la centrifuga ORTOALRESA MICROCEN 24 a
350 RMP durante 10 minutos y se pipetearon para posteriormente ser almacenados a -80°C.

Las extracciones se realizaron entre las 8:00 y las 9:00 horas y en ayunas. Se
valoraron los siguientes parametros: glucosa e insulina en ayunas, Péptido C, HbA1C,
leptina, adiponectina, visfatina, ALT y AST, gamma-GT, hs-CRP, TNF-alfa, IL-6,

fibrindgeno, perfil lipidico y perfil férrico.

4.3.4.2 Dieta y habitos nutricionales
La dieta y los habitos nutricionales de los participantes se valoraron utilizando tres
cuestionarios. Por un lado, los participantes rellenaron un recuerdo de 24 horas de un dia
entre semana, concretamente el dia anterior al dia de la citacion para la evaluacion. Ademas,
cumplimentaron dos cuestionarios, uno sobre frecuencia de consumo de alimentos,
Children's Eating Habits Questionnaire (CEHQ) (199) y otro sobre el comportamiento

alimentario infantil (Children Eating Behaviour Questionnaire - CEBQ) (200).

4.3.5 Intervencion

El programa de ejercicio fisico mediante VJA lo llevaron a cabo personas cualificadas
del grupo de investigacion y las sesiones se desarrollaron en dos sedes: pabellon
universitario del Campus Plaza San Francisco de la Universidad de Zaragoza y en el colegio

publico San Braulio en Zaragoza, dependiendo de la disponibilidad geografica y horaria de
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todos los participantes. El programa de intervencion con VJA tuvo lugar de enero a mayo,
coincidiendo con un curso escolar y una frecuencia de 3 sesiones por semana, contando con
los meses de octubre-noviembre y con junio para las mediciones previas y posteriores a la
intervencion. La duracion de cada sesion fue de aproximadamente 60 minutos y se controld
la intensidad mediante acelerometros y bandas de FC. Gracias a esta monitorizacion de la
FC, se pudo adaptar las sesiones a este grupo poblacional e individualizar lo méximo
posible, incrementando la intensidad progresivamente, con una intensidad de 2-3 MET en
el periodo inicial del primer mes, de 3-6 MET en el periodo de progresion en el segundo y
tercer mes, e intentando superar los 6 MET en el periodo de mantenimiento de los tltimos
meses de intervencion.

De esta manera, se llevo a cabo una temporalizacion del programa de entrenamiento,
teniendo en cuenta el nivel de CF inicial y habilidades motrices de los participantes, y una
planificacion del entrenamiento en funcion de los diferentes objetivos a lo largo del tiempo,
que se puede observar en el Anexo 7. Ademas, se dise6 el programa de entrenamiento que
combinaba ejercicio fisico con un trasfondo ladico enfocado a mejorar diferentes aspectos
de la CF con VIJA, es decir, que requieran movimiento corporal y esfuerzo fisico, y
concretamente se trabajo la mejora de la condicion cardiorrespiratoria, resistencia
muscular, fuerza muscular, equilibrio, agilidad, coordinacién y la composicion corporal.
Se usaron 5 dispositivos, con las diferentes posibilidades que nos ofrecen la gran variedad
de juegos y opciones de juego para cada dispositivo: Nintendo Wii® (Wii Sport®, Punch
Out® y Mario y Sonic en los Juegos Olimpicos®), Xbox Kinect® (Kinect Adventures® y
Kinect Sport®), esterillas de baile (Stepmania® y Mario y Sonic en los juegos
olimpicos®), Nintendo Switch® con el juego Ring Fit® y el BKOOL®, un ciclosimulador
conectado a una tablet. La dinamica de las sesiones de esta intervencion de VJA
combinados con ejercicio multicomponente fue una dindmica de circuito o estaciones, con
diferentes estaciones de VJA y rotaciones con ejercicios de tipo convencional enfocados
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hacia la mejora de la CF con el objetivo de incrementar el estimulo de entrenamiento,
intentando aumentar el efecto en los diferentes componentes de CF y aumentar el gasto
energético buscando una mayor intensidad. En la Figura 23 se puede apreciar una imagen
explicativa de la dindmica de la sesion, que se estructura como una sesion de ejercicio fisico
empezando con un calentamiento, seguido de un trabajo de estabilizadores, equilibrio o
coordinacion, tras lo cual se desarrollara la parte principal compuesta principalmente por
los VJA con transiciones activas a través de diferentes ejercicios de tipo convencional, y

terminando con una vuelta a la calma.

Figura 23. Dindmica de una sesion con videojuegos activos combinados con

ejercicio multicomponente como transicion activa

Transiciones activas: 13,1 MIN Nintendo_ i ®i 315.1 = 77.5 keal
: . e s .2 Kca
VJA: 31,9 MIN Transicion activa | Transiciéon activa 595 + 1.3 keal/min
l 542+ 1,3 MET
E
[B
Dance Mats ® J &

+ Calentamiento + Parte principal: VJA + ejercicio

Ring Fit

multicomponente + vuelta a la calma - Adventures ®

Transicion activa

a \ Transicion .
BKOOL ® Xbox Kinect ® en total

Fuente: Elaboracion propia

* 5 meses: 3 dias por semana—> 60 min/sesién

E £

Transicion activa

4.4 Analisis estadisticos

Dado que algunos de los analisis estadisticos utilizados en los diferentes articulos

que componen la presente Tesis Doctoral son comunes, se ha decidido optar por describir
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los diferentes analisis utilizados en un mismo apartado. No obstante, algunos de los
métodos descritos a continuacion solo se han utilizado en uno de los articulos, por ello,
para conocer en mayor detalle los andlisis estadisticos llevados a cabo en cada estudio, los
mismos se pueden consultar en la siguiente seccion de Resultados y discusion. En los
articulos originales, el software utilizado para llevar a cabo los diferentes andlisis
estadisticos fue el Statistical Package for the Social Sciences (SPSS) version 23.0 (SPSS
Inc., Chicago, IL, USA). El nivel de significacion estadistica para todos los test se fij6 en
p<0,05. En los meta-analisis, el software utilizado para llevar a cabo los diferentes analisis

estadisticos fue el Open Meta [Analyst] (Windows 10, Rhode Island, RI, EE.UU.).

4.4.1 Meta-analisis

Merecen especial mencion los articulos Iy I1, dado que son meta-analisis. En ambos
se compararon los nifios/as y adolescentes que realizaron una intervencion de VJA con los
controles que no participaron en ninguna intervencion o en otro tipo de intervencion de AF.
Se calcularon los tamafios del efecto para cada resultado o variable. Se realizaron diferentes
meta-analisis al estratificar los estudios por tipo de grupo de control (sin intervencion o
intervencion de ejercicio sin VJA) y cuando el nimero de articulos lo hizo posible, se
realizaron analisis por subgrupos dividiendo los estudios por la duracion de la intervencion.

Se calcularon las diferencias medias estandarizadas (DME) entre los participantes
en las intervenciones de VJA y los grupos controles, y sus intervalos de confianza del 95%
mediante un modelo de efectos aleatorios continuos (método de DerSimonian-Laird). Los
tamafios de los efectos de las DME se interpretaron de la siguiente manera: <0,40 =
pequefio, 0,40-0,70 = moderado, >0,70 = gran efecto (173). La heterogeneidad de los
estudios se comprobo mediante el estadistico I? (201). Esta estadistica describe la varianza

entre los estudios como proporcion de la varianza total y se interpretd de la siguiente
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manera: 12 = 0-25% de no heterogeneidad, I = 25-50% de heterogeneidad moderada, 12 =

50-75% de heterogeneidad alta, e I* = 75-100% de heterogeneidad muy alta.

4.4.2 Andlisis descriptivos

En los tres articulos originales que componen la presente Tesis Doctoral se han
llevado a cabo en primer lugar andlisis estadisticos descriptivos de las principales variables.
Los andlisis descriptivos se han llevado a cabo para toda la muestra, y para diferentes
subgrupos creados en cada caso en funcion de diferentes variables de interés. Las variables
continuas se han presentado a través de su media y desviacion estdndar (SD), o a través de
su media y error estandar (SE), las variables categoricas se han presentado a través de su
porcentaje y numero de participantes (N). Ademads, se estudio la normalidad en la
distribucion de las variables continuas mediante el test de Kolmogorov-Smirnov y la

inspeccion visual de los histogramas.

4.4.3 Andlisis estadisticos en los estudios longitudinales

En caso de los estudios longitudinales, las variables presentaron distribucién no
normal, probablemente debido a la poca muestra. Es por ello que, en los estudios
longitudinales, las diferencias entre los grupos que realizd la intervencion con VJA y el
control fueron investigadas mediante las pruebas U de Mann-Whitney. Por otro lado, se
utilizo6 la prueba de Wilcoxon para estudiar la evolucion dentro del grupo, comparando las
medidas previas y posteriores a la intervencion, para saber si ha habido cambios
significativos, tanto mejora como empeoramiento. El tamafio del efecto r se calculd para
las pruebas U de Mann-Whitney y el test de Wilcoxon utilizando la férmula de Fritz, Morris
y Richler (202) para comparaciones no paramétricas. El tamaio del efecto de r puede ser
pequeiio (0,1-0,3), medio (0,3-0,5) o grande (>0,5) (203). Por ultimo, el coeficiente de

correlacion de Spearman fue la prueba utilizada para estudiar relaciones entre variables.
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4.4.4 Andlisis estadisticos en el estudio transversal

En el estudio transversal en el que se calcula el gasto energético en los diferentes
dispositivos de VJA y en las sesiones de esta intervencion de VJA combinados con ejercicio
multicomponente, las variables mostraron una distribucion normal, por lo que se utilizé un
analisis de varianza (ANOVA) para comparar el gasto energético de cada VJA y se
utilizaron pruebas t para muestras independientes para examinar las diferencias de género
y de IMC en el gasto energético de cada VJA. Se calcularon los tamafios del efecto d de
Cohen (intervalos de confianza (IC) del 95%) y se interpretaron como pequeiios (0,2-0,5),
medianos (0,5-0,8) o grandes (>0,8). Se realiz6 una regresion lineal para cada participante
con sus datos individuales de VO, y FC de la prueba maxima para calcular el gasto

energético en cada VJA.
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5. Resultados y discusion [Results and discussion]

- 110 -



5.1

Articulo |

JMIR SERIOUS GAMES Comeras-Chueca et al

Review

Effects of Active Video Games on Health-Related Physical Fithess
and Motor Competence in Children and Adolescents With
Overweight or Obesity: Systematic Review and Meta-Analysis

Cristina Comeras-Chueca’??, MSc?; Jorge Marm-Pllyaltoz'3'4'5, PhD; Angel Matute-Llorente>*#°°, PhD: German
Vicente-Rodriguezg‘a‘“‘ﬁ, PhD: Jose Antonio Casajusl‘g‘a‘ﬁ‘ﬁ, PhD: Alex Gonzalez-Aguerog‘a‘“‘ﬁ, PhD

lDepartment of Physiatry and Nursing, Faculty of Health Science, University of Zaragoza, Zaragoza, Spamn

2GENUD Research Group (Growth, Exercise, NUtrition and Development), University of Zaragoza, Zaragoza, Spain
*EXERNET, Red de Investigacion en Ejercicio Fisico y Salud para Poblaciones Especiales, Zaragoza, Spain
4Depa1‘tment of Physiatry and Nursing, Faculty of Health and Sport Science, University of Zaragoza, Huesca, Spain
*Instituto Agroalimentario de Aragon -IA2-, CITA, Universidad de Zaragoza, Zaragoza, Spain

SCentro de Investigacion Biomeédica en Red de Fisiopatologia de la Obesidad y Nutricion (CIBERObn), Madrid, Spain
{GENUD Research Group

Corresponding Author:

Alex Gonzalez-Aguero, PhD
Department of Physiatry and Nursing
Faculty of Health and Sport Science
University of Zaragoza

Despacho n° 8

Pabellon polideportivo rio Tsuela, Ronda de la misericordia 5
Huesca, 22001

Spain

Phone: 34 876553755

Email: alexgonz@unizar.es

Abstract

Background: Childhood obesity is one of the most important public health problems. Active video games (AVGs) have been
proposed as an attractive alternative to increase energy expenditure and are being investigated to determine their effectiveness
against childhood obesity.

Objective: The aim of this study is to summarize the existing research and draw conclusions about the effects of AVGs on
health-related physical fitness and motor competence in children and adolescents with overweight and obesity.

Methods: The search strategy was applied to PubMed, MEDLINE, Web of Science, and SPORTDiscus, including randomized
and nonrandomized controlled trials investigating the effects of AVG programs on health-related physical fimess and motor
competence in children and adolescents with overweight and obesity. To measure the risk of bias in randomized and nonrandomized
controlled trials, 2 different quality assessment tools were used. In total, 15 articles met the inclusion criteria, and the variables
of interest were BMI. body fat percentage. cardiorespiratory fimess (CRF), waist circumference, fat-free mass, muscular fitness,
and motor competence. A meta-analysis was performed.

Results: Positive effects were found for BMI and body fat percentage, favoring the AVG group compared with a control group
with no mtervention (mean difference —0.209; 95% CI —0.388 to —0.031 vs mean difference —0.879; 95% CI —1.138 to —0.602).
Positive effects seem to be observed for CRF. The effects of AVG interventions on muscular fitness, fat-free mass, waist
circumference, and motor competence are unclear.

Conclusions: AVG programs showed positive effects on BMI, body fat percentage, and CRF. AVG could be a good strategy
to combat childhood obesity.

(JMIR Serious Games 2021;9(4):e29981) doi: 10.2196/29981
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Introduction

Background

Childhood obesity is one of the most important public health
problems in the 21st century in high-income societies [1]. The
prevalence of overweight and obesity in childhood has acquired
the status of an epidemic. The global prevalence of overweight
and obesity among children and adolescents (aged 5-19 years)
has risen dramatically from 4% in 1975 to over 18% in 2016.
For instance, the prevalence of overweight was over 30%, and
the prevalence of obesity was over 10% in European children
and adolescents in 2016 [2]. Obesity has become a pandemic
owing to an obesogenic environment that causes cardiovascular
and cardiometabolic diseases and psychosocial problems [3,4].
Children with overweight and obesity are likely to remain obese
during adulthood and are more likely to develop many other
types of cardiovascular and metabolic pathologies [1]. Evidence
shows that cardiovascular risk is inversely related to physical
fitness [5] and the amount of physical activity (PA) [6]
performed by youth. The components of health-related physical
fitness are cardiorespiratory fitness (CRF), body composition,
muscular strength, muscular endurance, and flexibility [7].
Childhood obesity is related to poor health-related physical
fitness, such as CRF and muscular strength [8].

On the other hand, the recommendation of the World Health
Organization indicates that a daily average of 60 minutes of
moderate-to-vigorous PA provides any of the health benefits in
young people, although daily average of beyond 60 minutes of
moderate-to-vigorous PA provides additional benefits [9]. In
2016, a study including 1.6 million students aged 11-17 years
showed that 81% of them did not meet this recommendation
[10]. PA, especially at moderate-to-vigorous intensity, is
associated with better physical fitness, independent of sedentary
time [11,12].

In addition, one of the main sedentary behaviors of this
population is playing electronic games, such as computer or
console games [13]. The World Health Organization reported
that 40.2% of children and adolescents spend at least 2 hours
per day watching television or using electronic devices on
weekdays, and this percentage rises to 75.8% during weelkends,
going further than the recommendations of maximum screen
time [14]. This inactivity and excessive sedentary screen time
are catastrophic for motor development in children and
adolescents [ 15]. A recent systematic review performed by Han
et al [16] showed that children and adolescents with overweight
and obesity have a lower motor competence level than children
and adolescents with healthy weight; therefore, low motor
competence needs to be taken into consideration in children
with overweight or obesity. Moreover, children with high actual
and perceived motor competence will probably show higher
PA and lower BMI status [17]. An improvement in motor
competence may promote better perceived motor competence,
which entails higher motivation and participation in
extracurricular PA and sports [18,19]. In addition, evidence
shows a relationship between motor competence and
health-related physical fitness during childhood and adolescence
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[20]. Thus, improving motor skills in children with overweight
and obesity is one of the main objectives.

Tt is well known that exercise is an effective tool to fight obesity
[21], with all its associated benefits, such as improvements in
BMI status or adiposity, cardiorespiratory and muscular fitness,
or bone health [22]. However, the main challenge is to ensure
adherence to exercise in children with overweight and obesity
[23]. Therefore, the implementation of new types of exercise
that are more attractive and motivational to this population is
needed.

Active video games (AVGs) have been proposed as a suitable
alternative to exercise and are being investigated to determine
their effectiveness against childhood obesity. AVGs generally
require full-body movement and therefore increase energy
expendifure [24]. A systematic review showed that structured
AVG sessions had the potential to increase PA in children, but
there was no evidence of the benefits of conducting them in the
home setting [25]. PA and energy expenditure during AVGs
are a well-studied topic showing that AVGs elicit
light-to-moderate PA, and also elevate energy expenditure to
moderate-to-vigorous intensity, thus having a favorable
influence on energy balance [26-28]. Nevertheless, energy
expenditure has been found to be higher in structured programs
[29]. AVGs seem to be an interesting strategic tool to encourage
an active and healthy lifestyle as an alternative to sedentary
behaviors [30-32]. However, according to the overview
performed by Kari [33], additional high-quality research and
systematic reviews concerning exergaming are needed. In
addition, AVGs seem to be an effective tool for improving
self-concept, self-efficacy, situational interest and motivation,
enjoyment, and psychological and social well-being [34,35].
Specifically, AVGs may have positive effects on the
psychological aspects and mental health of children and
adolescents with overweight or obese [36,37].

Finally, AVGs may have a positive effect on motor competence
and health-related physical fitness. Some studies have shown
enhancements in children’s motor competence and perceived
competence [38-40] orimprovements in health-related physical
fitness, such as cardiorespiratory and muscular fitness [41-43]
and body composition [44], after an AVG intervention.

Objective

Therefore, the main aim of this systematic review is to
summarize and critically appraise the existing research on the
effects of AVGs on health-related physical fitness and motor
competence in children and adolescents with overweight and

obesity and to extract conclusions from a fair comparison of
the studies included.

Methods

Data Sources and Search Strategy

This review was performed following the criteria and
methodology established by the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0) [45]. This
review was performed according to the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
2020 statement [46]. The PRISMA checklist is shown in
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Multimedia Appendix 1. The protocol was registered in the
International Prospective Register of Systematic Reviews,
PROSPERO (CRD42020189138).

Journal articles were identified by searching electronic
databases, scanning reference lists of articles, and examining
tables from previous 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

Textbox 1. Inclusion and exclusion criteria.

Comeras-Chueca et al

active videogam* OR interactive video gam* OR interactive
videogam* OR Wii OR Xbox OR Kinect OR PlayStation) and
document tvpe: 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 filters were
applied.

Two reviewers (CCC and AGA) independently evaluated all
studies. Titles and abstracts were examined, and relevant articles
were obtained and assessed using the inclusion and exclusion
criteria presented in Textbox 1. The inclusion criteria were used
following the PICOS (Population, Intervention, Comparison,
Outcomes and Study) format [47]. Interreviewer disagreements
were resolved by consensus. A third reviewer (JAC) resolved
these disagreements.

Inclusion criteria

Types of participants were children and adolescents with overweight and obesity
Trials studying the effects of active video game programs on health-related physical fitness and motor competence

Control group with no intervention or with traditional exercise intervention

Types of outcome measures included variables of health-related physical fitness, such as cardiorespiratory fitness, musculoskeletal fitness
(muscular strength and muscular endurance), and body composition and variables related to motor competence

Types of studies were randomized and nonrandomized controlled trials

Exclusion criteria
Studies were conducted in languages other than English or Spanish
Data were unpublished
Studies were conducted with animals

Studies included participants aged 218 years

Studies included participants with normal weight

in interpretation of the results

Studies included participants with disabilities, diseases, or disorders other than obesity
Studies were conducted without pre- and postassessments of the variables of interest

Studies were dissertations or abstracts from society proceedings or congresses

Noncontrolled trials were considered in the discussion of the article with the consideration of the great limitation of the lack of a control group

Noncontrolled trials were not included in the risk of bias assessments or meta-analysis

All the noncontrolled trials concerning the effects of active video games on motor competence and health-related physical fitness in children and
adolescents with overweight and obesity are summarized in Multimedia Appendix 2

Risk of Bias

For assessing risk of bias proposed in the PRISMA 2020
statement, 2 risk of bias assessment tools were used—the Risk
of Bias 2 in randomized controlled trials (RCTs) updated by
Sterne et al [48] and the ROBINS-I (Risk of Bias in
Nonrandomised Studies of Interventions) in nonrandomized
controlled trials developed by Sterne et al [49].

https://games.jmirorg/2021/4/629981
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Data Extraction

The following information was extracted from each included
trial: name of first author, year of publication, sample size,
participant characteristics including number of participants, age
and sex, type of study, type of intervention, training
characteristics including intervention length and frequency,
variables and data sources, and outcomes. The reported variables
were weight, BMI, z-score of BMI, fat mass, body fat
percentage, CRF, waist circumference, fat-free mass, muscular
fitness, and motor competence.
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Meta-Analyses

Children and adolescents with overweight and obesity who
underwent an AVG intervention were compared with a control
group (ie, group with participants performing a PA mtervention
and with nonintervention participants). Effect sizes were
calculated for each outcome (BMI, body fat percentage, CRF,
waist circumference, fat-free mass, muscular fitmess, and motor
competence). Different meta-analyses were performed by
stratifying the studies by type of control group (no intervention
or exercise intervention without AVG). When the number of
articles made it possible, analyses by subgroups were performed
by dividing the studies by the length of the intervention. The
free cross-platform software OpenMeta[ Analyst] for advanced
meta-analysis was used for data processing.

Mean differences (MD) between participants in AVG
interventions and controls and their 95% CIs were calculated
using a continuous random-effects model (DerSimonian-Laird
method). The heterogeneity of the studies was tested using the
T statistic [48]. This statistic describes the variance between
studies as a proportion of the total variance and was interpreted

as follows: ’=0%-25% no heterogeneity; I’=25%-50% moderate
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1’=50%-75% high heterogeneity; and
>=75%-100% very high heterogeneity. All analyses were

performed using the OpenMeta[ Analyst] software.

heterogeneity;

Results

Search Summary

A total of 13,267 relevant articles were identified using the
abovementioned search strategies. Following a review of titles
and abstracts and excluding duplicates, the total number of
articles was reduced to 599. Of them, 15 articles met the
inclusion criteria and were selected for this review. Articles
were excluded for the following reasons: studies were
cross-sectional (n=160); only psychological, cognitive,
nutritional, and balance variables, PA, or energy expenditure
were measured (n=388); participants were children with normal
weight (n=31); and studies were noncontrolled trials (n=5;
Figure 1).

The characteristics of each study included in this systematic
review were summarized in different sections following the
PICOS format [47].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of articles that were selected.

Records identified through database searching: PubMed (2602),
MEDLINE (2903). Web of Science (5663). SPORTDiscus (2113)
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é ¥
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L | (n=599)
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] not in meta-analysis)
5= Studies included in systematic
E review (n—15)
. !
L | Studies inclided in meta-

analysis (n=6)

Methodological Quality

Multimedia Appendix 3 summarizes the methodological quality
assessment of RCTs. The risk of bias in the RCT was low.

The quality assessment for the only nonrandomized controlled
trial shows a low risk of bias on preintervention, intervention
and postintervention, and therefore, a low overall risk of bias
[50].

AVG Interventions

There was a great deal of variety across the AVGs used.
Interventions mostly ran during physical education lessons,
during playtime or lunch time as extracurricular activities after
school or at home. The most commonly used devices in AVG
interventions were gaming consoles, such as Xbox 360 with
Kinect, Nintendo Wii, Sony PlayStation 2, dance mats, and

https://games.jmirorg/2021/4/629981
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interactive video game cycling. Games included Just Dance,
‘Wii Fit, Wii Sports, Kinect Adventures, Kinect Sport, Dance
Central, Dance Dance Revolution (DDR), and EyeToy.

The length of AVG interventions ranged from 8 weeks to 6
months (mean 16.3, SD 6.7 weeks). The frequency of AVG
sessions ranged from 1 day to 5 days per week (mean 126.3,
SD 55.8 minutes per week). Sessions typically lasted between
30 and 90 minutes (mean 52.0, SD 11.1 minutes) and were
delivered by teachers and research assistants. It is therefore
complicated to establish a standard length, intensity, and
duration of sessions or type of the AVG intervention.

The different control groups either performed another
intervention without AVGs, such as physical education or
exercise sessions, access to sedentary video games, and learning
sessions or were only asked to continue their normal activities
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of daily life, the latter being the most used option for the control
group.
AVG Effects

All the studies concerning the effects of AVG on motor
competence and health-related physical fitness in children and
adolescents with overweight and obesity are summarized in
Multimedia Appendix 4.

A total of 15 randomized and nonrandomized controlled trials
showed effects of AVGs on health-related physical fitness
[42,44,51-62] and motor competence [50,61] in children and
adolescents with overweight and obesity.

BMI, fat mass, or body fat percentage were measured in 14
studies using dual-energy x-ray absorptiometry [52,54] or
bioelectrical impedance [51,58-60] to measure body fat. Waist
circumference was measured in 4 studies [42,51,52,58]. CRF

Comeras-Chueca et al

was evaluated in 8 studies using different tests, such as the 20-m
shuttle run test [42,51,59,61], the 3-minute step test [57], and
a submaximal test with a cycle ergometer [58,60]. Motor
competence was only measured by Van Biljon et al [50] using
the Bruininks-Oseretsky Test and by Bonney et al [61] using
the Movement Assessment Battery for Children Test-Second
Edition.

A quantitative analysis was performed for BMI, BMI z-score,
body fat percentage, fat mass, fat-free mass, and waist
circumference. Individual study results and global effects are
presented in Figures 2-6, whereas a summary of the global
results is presented in Table 1. Data from 2 studies [51,54] were
included, taking into consideration when interpreting the data
that the results obtained by these studies were adjusted for
baseline outcome measures, age, and sex. Before including
them, it was ascertained that the studies did not change the trend
of the results without them.

Figure 2. BMI effect sizes for active video games compared with those for control group. AVG: active video game.

Studies Estimate (95% C.L)

Maddison et al 2011 —0.240 (—0.440,—0.040)

Christison etal 2016
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~0.100 (~0.844, 0.644)

Staiano et al 2018 0.200(—0.532, 0.932)

Overall (I*2=0 % , P=0.699) —0.209 (~0.388,~0.031)
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Figure 3. BMI z-score effect sizes for active video games compared with those for control group. Analysis by length of the intervention: subgroup 1:
interventions lasting more than 12 weeks; subgroup 0: interventions lasting 12 weeks or less. AVG: active video game.

Studies Estimate (95%C.L) i

1
Maddison etal 2011 —0.060 (0.090,-0.030) ——
Trost et al 2014 -0.140 (~0.154,~0.126) - :
Christison etal 2016 ~0.060 (-0.123,0.003) _—
Staiano etal 2018 -0.090 (~0.108,~0.072) -
Subgroup 1 (1°2=91.72 % , P=0.000) —0.091 (-0.132,-0.050) —t

]
Wagener et al 2012 0.010(-0.160, 0.180) :
Staiano etal 2017 —0.006 (—0.019, 0.007 .
Subgroup 0 (I*2=0 % ,P=0.854) —0.006 (-0.019, 0.007) 1

]
Overall (1"2-97.55 % , P=0.000) 0066 (-0.124,~0.007) —_—

r T - T T 1
-02 -01 9 01 02
B Mean Difference
Favoring AVG group Favoring control group

https://games.jmirorg/2021/4/629981

JMIR Serious Games 2021 | vol. 9 |1ss. 4| e29981 |p. 6
(page mumber not for citation purposes)

XSL-FO

RenderX

-116 -



JMIR SERIOUS GAMES

Comeras-Chueca et al

Figure 4. Body fat percentage effect sizes for active video games compared with those for control group. AVG: active video game.
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Figure 5. Waist circumference effect sizes for active video games compared with those for control group. AVG: active video game.
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Figure 6. Fat-free mass effect sizes for active video games compared with those for control group. AVG: active video game.
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Table 1. Effect sizes and heterogeneity of findings for studies comparing active video game intervention versus control group (N=15).

Measures

Studies, n (%) Hedge g effect size Value, 95% CI P value T2 (%)
BMI 4(27) —0.209 —0.388 to —0.031 .70 0
BMI z-score 6 (40) —0.066 —0.124 to —0.007 <.001 97.55
Body fat percentage 3(20) —0.462 —0.819 to —0.105 .06 64.59
Fat-free mass 3 (20) 0.106 —0.594 to 0.806 52 0
Waist cireumference 3(20) —0.426 —1.295 to 0.444 27 235

A quantitative analysis was not performed for CRF because of
different measurement methods and articles with the same
sample and for motor competence or muscular fitness because
of the lack of articles. Some articles were excluded from the
quantitative analyses given that the effect sizes could not be
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calculated from the information available in the papers [56.57],
the sample was the same between studies [44,59], or the number
of studies found was insufficient [50]. Another article was
excluded from the quantitative analyses because of the control
group exercised [58,60,61]. Noncontrolled trials [63-67] were
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considered in the discussion and are summarized in Multimedia
Appendix 1.

Weight, BMI, and Body Fat

A total of 13 studies evaluated changes in weight, BMI, fat
mass, or body fat percentage measured. Of the 13 studies, 9
reported positive effects of an AVG intervention on body
weight, BMI, or body fat in children with overweight and
obesity. The first study that investigated the effect of AVG on
BMI status and body composition i adolescents with
overweight and obesity was performed by Adamo et al [38],
and they compared a 10-week AVG cycling intervention with
a stationary bike music intervention. There were no significant
group or group by time effects on body weight, BMI, fat mass,
or fat-free mass, but a reduction in body fat percentage was
found when groups were combined and compared with baseline.
Nonsignificant results could be explained by the small sample
size of the study and the shortness of the intervention period.
The difference in effect sizes produced by the 2 types of training
on BMI or body fat could be explained by the different energy
expenditure, because AVG cycling intervention spent 576.2
keal, whereas stationary bike music group spent 554.6 keal.

Maddison et al [51] investigated the effect of the EyeToy of
PlayStation on the body composition of 322 children.
Participants in the intervention group were encouraged to meet
the recommendations of 60 minutes per day and to substitute
periods of traditional inactive video games, and they received
a PlayStation 2 and the EyeToy to play at home. Differences
between control and intervention groups were found for BMI
(0.24 kg/m?; 95% CI —0.44 to —0.04; P=.02), BMI z-score (0.06;
95% CI—0.12 to —0.03; P=.03), body weight (0.72 kg; 95% CI
—1.33 to —0.10; P=.02), fat mass (0.80 kg; 95% CI —1.36 to
—0.24; P=.005), and body fat percentage (0.83%; 95% CI—1.54
to —0.12; P=.02), favoring the AVG group. A year later, derived
from the previous study, the authors studied the mediating effect
of CRF on body composition and concluded that an AVG
intervention with EyeToy can have a positive effect on body
composition in children with overweight or obesity and that
this effect is most likely mediated through an improvement in
CRF [59]. Foley et al [44] divided the analyses of the previous
study by subgroups such as ethnicity, sex, and CRF level, and
the results showed that AVG can be used to improve body
composition regardless of ethnicity, sex, and CRF level.

Staiano et al [56] studied the effect of playing Nintendo Wii on
school days on the weight of adolescents and compared the
effects between co-operative and competitive AVGs versus a
control group. The results showed that the co-operative AVG
group lost more weight than the control group, whereas the
competitive AVG group did not differ from the co-operative
AVG group and control group. The authors studied the effect
of psychological variables on weight loss and, as expected,
those who had higher peer support at baseline lost marginally
more weight over time, but, unexpectedly, initial self-efficacy
did not affect weight change over time. nor did higher
self-esteem cause more weight loss over time. The 2 studies by
Staiano et al [52,54] investigated the effects of AVG
interventions using Xbox Kinect. In the first study [52], a
dancing AVG had no effects on or differences between the AVG
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and control groups. The small sample size and the short length
of the intervention could explain the nonsignificant effects of
AVG. In the other study by Staiano et al [54], a home-based
AVG intervention led to a reduction in the BMI z-score (mean
—0.06, SD 0.03) and the weight z-score (mean —0.09, SD 0.05)
in the AVG group in comparison with the control group (mean
0.03, SD 0.03 and mean 0.07, SD 0.04 for BMI z-score and
weight z-score, respectively) when one control outlier was
excluded. There was a nonsignificant intervention effect for fat
mass or body fat percentage. This could be influenced by the
small sample size, in addition to the fact that the performance
in the sessions with AVG at home showed lower or no benefits.

Trost et al [55] compared the effects of a 16-week weight
management program with family-based theoretical sessions
focused on lifestyle and the effects of the same program with
AVG mtervention. The overweight rate was reduced by 5.4%
in the weight management program without PA and 10.9% in
the AVG group, with significant pre-post and between-group
differences. Both groups exhibited reductions in BMI z-score,
but the AVG group showed greater reductions (mean —0.25,
SD 0.03 vs mean —0.11, SD 0.03).

The most recent study was conducted by Irandoust et al [62],
and the results showed reductions in weight and BMI in the
AVG and exercise groups from pretest to posttest, resulting in
lower weight and BMI at posttest measures in these groups in
comparison with the control group after a 6-week intervention
using Xbox Kinect and Nintendo Wii.

Of the 13 studies, 4 reported no positive effects of an AVG
intervention on BMI or body fat in children with overweight
and obesity [42,52,53,57]. Apart from Staiano et al [52], no
other authors found effects after an AVG intervention. Christison
et al [42] compared the effects of weight management didactic
sessions with an AVG intervention with Nintendo Wii and DDR.
The results showed a trend of reduction in the BMI z-score in
the AVG group, whereas the BMI z-score among the control
group was essentially unchanged (P=.07). Wagener et al [33]
showed no pre-post differences in BMI within or between
conditions after 10 weeks of an AVG intervention by playing
dance-based AVGs. Probably, no benefits of AVGs and even
nonsignificant worse results on BMI for the AVG group were
found because of the small sample size and the short length of
intervention. There were same limitations in the study performed
by Maloney et al [57], which showed that there were no changes
between pretest and posttest participant weight in the AVG
group or control group after 12 weeks of intervention with
AVGs.

Furthermore, 5 noncontrolled studies observed positive effects
of an AVG intervention on BMI or body fat in children with
overweight and obesity. The most recent study was performed
by Argarini et al [67], and the results showed a significant
decrease in weight, BML and body fat percentage after a 4-week
AVG intervention with Xbox Kinect. Christison et al [66]
evaluated the efficacy of an AVG intervention and the results
showed a significant decrease in BMI (mean —0.48, SD 0.93
kg/m?) and BMI z-score (mean —0.07, SD 0.14) after 10 weeks
of training (P=.002 and P<.001, respectively). Duman et al [64]
investigated the effects of a combination of music-accompanied
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aerobics, callisthenic exercises, and AVGs, and the results
showed decrease in BMI and triceps skinfold thickness. The
percentage of obese children decreased from 72% to 40%; those
children who were obese became children with overweight, so
the percentage of overweight children increased from 28% to
46%: the percentage of children with normal weight increased
from 0% to 14%. Calcaterra et al [65] demonstrated the
effectiveness of a combination of circuit-based aerobics and
strength and resistance exercises with AVGs, showing a
significant decrease in BMI (from 32.9 to 31.9 kg/m?; P=.002)
and body fat percentage (from 39.3% to 36.0%: P=.001). A
very interesting result of this study was that 27.2% of the
participants reported a previous negative experience with
exercise, so a reduced drop-out rate during activity may be
achieved with a playful aspect and adapted activities such as
AVGs. Finally, Huang et al [63] investigated the effect of AVGs
using Nintendo Wii and Xbox Kinect, with no effects on the
percentage of body fat, probably because of the short length of
the intervention and the reduced number of participants.

Systematic reviews have been performed on the effects of AVG
on BMI or body fat, but they are mostly not focused on children
or adolescents with overweight or obesity and including studies
with children with normal weight; some limitations can be found
m these studies, such as the inclusion of noncontrolled trials.
The results of these studies are in line with the results of this
study. The latest systematic review was performed by Gao et
al [68], who included noncontrolled trials and studies with
children with normal weight. Reduction in BMI after AVG
interventions was found in children and adolescents.
Hemandez-Jimenez et al [69] performed a meta-analysis that
showed a significant effect in favor of AVGs on BMI in children
and adolescents, with better results achieved when the AVG
mtervention was applied to children with overweight or obesity.
Another systematic review [70] included 4 RCTs, which are
also included in this systematic review, which reported decreases
in BMI or body fat after an AVG intervention. A previous
systematic review performed by Gao et al [31] concluded that
AVGs were a promising tool to promote PA and health as long
as the AVG intervention is not home based, but this review did
not focus on children with overweight or obesity. Two
systematic reviews [30,71] supported the findings, although
being among the first reviews on the effects of AVGs,
quantitative analyses were not conducted because of a lack of
articles. Lamboglia et al [30] found that AVG led to increased
PA and CRF and decreased body fat, with considerable potential
to fight obesity. Leblanc et al [71] found that AVG attenuated
weight gain in participants with overweight and obesity,
including 3 articles that are included in this systematic review.
The improvement of cardiometabolic health through AVG was
inconclusive because of the small number of articles at the time.

Quality Assessment of BMI, Body Fat Percentage, and
Fat Mass

As shown in Figure 2, positive effects of the interventions were
found for BMI, favoring the AVG group compared with the
control group with no intervention (MD —0.209; 95% CI —0.388
to —0.031). Heterogeneity among studies for BMI was low
(I*=0%; P=.70). AVG showed more positive effects on BMI
z-score than on BMI (MD —0.066; 95% CI —0.124 to —0.01),
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but it also showed a very high heterogeneity (I*=97.55%;
P<.001; Figure 3). The results of the subgroup analysis by the
length of the intervention showed that the decrease in BMI
z-score was higher in the AVG interventions longer than 12
weeks.

As shown in Figure 4, positive effects of AVG interventions
were found for body fat percentage, favoring the AVG group
compared with the control group with no intervention (MD
—0.462; 95% CI —0.819 to —0.105). Heterogeneity among studies
for BMI was high (I*=64.59%; P=.06).

These results clearly showed the influence of AVG intervention
length on weight, BMI, and body fat percentage. Positive effects
were observed for AVG interventions longer than 12 weeks. It
seems that a combination of AVG with multicomponent
exercises could have more benefits on BMI and body fat
percentage in children and adolescents with overweight and
obesity, but RCTs are needed to confirm this.

Waist Circumference

Changes in waist circumference were evaluated by 4 RCTs
[42,51,52,58], and no effects were found. The first study was
performed by Adamo et al [58] and showed no effects or
differences between groups for waist circumference. Maddison
et al [51] reported no changes in waist circumference after a
24-week AVG intervention with EyeToy performed at the
participants’ homes. Christison et al [42] performed a 6-month
AVG intervention with Nintendo Wii and DDR; they also did
not report positive effects or differences between groups. The
most recent study on waist circumference in children and
adolescents with overweight and obesity was performed by
Staiano et al [52], who investigated the effects of Xbox Kinect
and found no effect on waist circumference or differences
between AVG and control groups.

The noncontrolled trial performed by Calcaterra et al [65]
demonstrated a decrease in waist circumference (-5.9 cm) and
waist circumference to height ratio (-0.08) after a 12-week
training program combining traditional exercise with AVGs.

Quality Assessment of Waist Circumference

As shown in Figure 5, no overall effects were found on waist
circumference after the AVG interventions (MD —0.426; 95%
CI —1.295 to 0.444). Heterogeneity among studies for waist
circumference was moderate (I=23.5%; P=27). AVGs seem
not to be effective in decreasing waist circumference in children
and adolescents with overweight and obesity. It is necessary to
look for a way to increase the demands of the activity.

Tnterventions with AVG do not seem to be effective in
decreasing waist circumference in children and adolescents with
overweight and obesity. This result may be because of the length
of the interventions in the included articles. A reduction in the
waist circumference in children with obesity seems to be
possible with a combination of AVG with multicomponent
exercise instead of AVG exclusively, but RCTs are needed to
confirm this. Waist circumference is as important as BMI or
body fat percentage because they are good predictors of
cardiovascular disease risk factors in children and adolescents,
even better than BMI [72]. Therefore, the main aim is to
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decrease waist circumference of children and adolescents with
overweight and obesity. However, the results suggest that AVG
interventions do not seem to be effective in decreasing waist
circumference in children and adolescents with overweight and
obesity.

Fat-Free Mass

The effects of AVG on fat-free mass were reported in 4 articles
[51,52,54,58]. To measure fat-free mass, bioelectrical impedance
[51,58] or dual-energy x-ray absorptiometry [52,54] were used.
Maddison et al [51] did not find any effects or differences
between groups for fat-free mass. Similar results were reported
by Adamo et al [58], with no changes or differences between
groups. In contrast, Staiano et al [52,54] reported no effects on
lean mass after an AVG intervention. Evidence on the effect of
AVGs on fat-free mass is limited, and no effects have been
shown.

Quality Assessment of Fat-Free Mass

As shown in Figure 6, no overall effects were found for fat-free
mass after the AVG interventions (MD 0.106; 95% CI —0.594
to 0.806). Heterogeneity among studies for waist circumference
was low (I*=0%; P=52).

Cardiorespiratory Fitness

CRF assessments following their AVG interventions were
mcluded by 5 studies, and 4 of them managed to find positive
results. In general, CRF was improved after an intervention
with AVG, such as Nintendo Wii, DDR, EyeToy, or a cycling
AVG.

The first study that reported the effects of AVG on CRF in
adolescents with overweight and obesity was the study by
Adamo et al [58], who observed a significant training effect
over time in both AVG cycling and stationary bike interventions.
Both interventions produced significant improvements in peak
heart rate, peak workload, and time to exhaustion, but no
significant differences were found between the exercise groups.
With this same intervention, Goldfield et al [60] observed that
the psychological benefits of aerobic exercises were related to
improved aerobic fimess. The abovementioned study by
Maddison et al [51] did not find significant increases in CRF
m the AVG group, but the positive effect of AVG on body
composition in children with overweight or obesity is most
likely mediated through improved aerobic fitness [59]. Maloney
et al [57] showed no improvements in CRF in either the AVG
or control group after playing DDR for 12 weeks. Christison et
al [42] showed that the number of shuttle muns did not change
after a 6-month AVG intervention. The most recent study was
conducted by Bonney et al [61], who investigated the effect of
‘Wii Fit in comparison with a task-oriented functional training
on the performance of the shuttle run test and positive effects
on CRF in both groups, but no differences were found between
the AVG and control groups performing the task-oriented
functional training.

The effects of AVG on CRF in children with overweight and
obesity have been studied by 2 noncontrolled trials [63,65].
Calcaterra etal [65] demonstrated in their study an improvement
in CRF (3.8 mL/kg/min; P<.001) measured by a walking test
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on a treadmill reaching 85% of the maximal heart rate. Huang
et al [63] showed no effects of AVG using Nintendo Wii and
Xbox Kinect on CRF, but the heart rate demonstrated that most
participants were able to achieve moderate or vigorous intensity
of exercise during most AVG sessions.

The effect of AVG interventions on CRF remains unclear.
Probably, the limited effects of AVG interventions on CRF of
children with overweight and obesity might be because of
insufficient training volume in terms of either weekly frequency
or overall duration of the interventions. As mentioned earlier,
interventions performed at home could be ineffective for
improving health-related physical fitness, such as CRF. As it
occurs in children with normal weight, only Calcaterra et al
[65] wused a submaximal or maximal incremental
cardiopulmonary exercise test with a gas analyzer, which is
widely recognized as the best single index of aerobic fitness
[73,74]. Once again, science-based evidence shows that a
combination of AVG with multicomponent exercise could
produce more benefits on CRF than AVG exclusively, probably
because of a higher volume of training. Therefore, these results
must be interpreted with caution because the studies that report
results from interventions using AVGs with multicomponent
exercise are noncontrolled trials. RCTs are needed to confirm
this finding.

A systematic review performed by Zeng and Gao [70] included
only 1 RCT, also included in this systematic review, which
reported positive effects of an AVG intervention in comparison
with the effects of an exercise group, but these results were
unclear because of the inclusion of only 1 article.

Muscular Fitness

Only 1 RCT [61] and 3 noncontrolled trials [63-65] investigated
the effects of an AVG intervention on the muscular fitness of
children and adolescents with overweight and obesity. The only
RCT about the effects of AVGs on muscle fitness showed that
both the AVG group trained with Wii Fit and the control group
that performed a task-oriented functional training for 14 weeks
improved knee extensors and ankle plantar flexors to maximal
isometric strength assessed with a handheld dynamometer.

Calcaterra et al [65] demonstrated an increase in muscular
strength, improving from a mean of 29.6kg (SD 9.3 kg) to 32.3
kg (SD 9.8 kg; P=.003) in a handgrip test. Duman et al [64]
investigated the effects of an AVG intervention combined with
traditional exercise on several physical performance tests that
require muscle strength and endurance, such as time to ascend
and descend 20 stairs, number of squats they can perform in
120 seconds, time to run 50 m, and rope jumps in 30 seconds.
The results showed enhancements in all test performances.
Finally, Huang et al [63] investigated the effect of AVG using
Nintendo Wii and Xbox Kinect on the muscular strength of the
quadriceps and hamstrings that were assessed using a handheld
dynamometer and muscular endurance that were assessed by a
1-minute half-sit-up test consisting of completing as many
half-sit-ups as possible within a minute. Nonsignificant changes
in the muscular strength of the quadriceps or muscular endurance
were observed. Low frequency and program duration may
explain the lack of significant changes.
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A combination of AVG with multicomponent exercise could
enhance muscular fitness in children with overweight and
obesity, but RCTs are required to confirm these results. A
systematic review and meta-analysis [5] showed the importance
of muscular fitness for children and adolescents and found
associations between muscle fitness and bone health, total and
central adiposity, and cardiovascular diseases, metabolic risk
factors and self-esteem. In addition, according to Tomlinson et
al [75], children and adolescents with overweight and obesity
have a greater absolute maximummuscle strength than nonobese
persons because increased adiposity induces a chronic overload
stimulus on the antigravity muscles; however, when maximum
muscular strength is normalized to body mass, individuals with
obesity appear weaker, probably because of reduced mobility,
neural adaptations, and changes in muscle morphology.
Therefore, it is important to include exercises aimed at
improving muscular fitness in programs for children and
adolescents with overweight and obesity.

Motor Competence

Motor competence after an AVG intervention was reported in
2 articles. The first was performed by Van Biljon et al [50], and
motor competence was evaluated in 30 mdividuals with
overweight and obesity using the shorter version of the
Bruininks-Oseretsky test for motor proficiency. The intervention
group performed a 6-week AVG intervention for 3 days per
week and 30 minutes per session using Wii; there were 2 control
groups, one with access to traditional video games and the other
continued with their everyday life activities with no intervention.
The AVG group showed improvements in motor competence
compared with both control groups, specifically in terms of
agility and speed, co-ordination, and reaction time. Another
more recent study by Bonney et al [61] showed that both the
AVG group that trained with Wii Fit and the control group that
performed a task-oriented functional fraining for 14 weeks
improved motor co-ordination, as measured by the Movement
Assessment Battery for Children Test-Second Edition. A notable
difference between the controlled trials investigating the effect
of AVG on motor competence is the length of the intervention;
therefore, the study with the longest duration of the intervention
[61] (14 weeks) showed positive effects, whereas the one with
the shortest duration [50] (6 weeks) showed no effect after the
AVG intervention. Another study withno control group showed
an improvement in motor competence after 4 weeks of training
with Xbox Kinect [67]. This scarcity of studies investigating
the effect of AVG on the motor competence of children and
adolescents with overweight and obesity is of great importance,
given that evidence shows a relationship between motor
competence and health-related physical fitness during childhood
and adolescence [20], as mentioned earlier. Furthermore, low
motor competence, denominated as physical illiteracy, is a
component of the pediatric inactivity triad observed by
Faigenbaum et al [76], together with exercise deficit disorder
and pediatric dynapenia. These 3 components are closely related
to each other. Children and adolescents who perceive themselves
as having poor motor competence might feel less inclined to
participate in PA or sports, which in turn will reduce their ability
to improve their muscular fitness or motor competence. Motor
competence is particularly important in children and adolescents
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with overweight and obesity, as they have a lower motor
competence level than children and adolescents with a healthy
weight [16]; this has health consequences because it is directly
related to PA. Improving motor competence could increase PA,
reduce sedentary behaviors, and positively impact health-related
physical fitness [16,77]. Improvements in motor competence
entail higher motivation and participation in extracurricular PA
and sports [18,19]. AVGs could be a tool for improving motor
competence, but randomized clinical trials are needed to
corroborate this.

Interventions with AVG appear to be more effective in
decreasing BMI and body fat in children and adolescents with
overweight or obesity than in children with normal weight, but
effectiveness in other health-related physical fitness parameters
such as waist circumference or CRF is still unclear. Children
and adolescents with overweight or obesity could benefit from
AVGs to improve their motor competence, which seems to be
a variable more susceptible to enhancement as improvements
have been observed with shorter interventions, but further
research is needed to confirm this hypothesis. Therefore, AVG
programs could be a good strategy to combat childhood obesity.

Discussion

Principal Findings

This paper provides knowledge about the effects of AVG on
health-related physical fimess and motor competence in children
and adolescents by gathering previous scientific evidence, and
it also provides the prospects for future studies.

Mental health can be considered as a major influencing variable
and can undoubtedly influence the effects of AVG interventions
on childhood obesity; however, this systematic review has
focused on the effects of AVG interventions on health-related
physical fitness and motor competence in children and
adolescents with overweight and obesity, discarding the
psychological aspects. However, a very recent overview [37]
and a systematic review [36] found a positive effect of AVG
on mental health, but it also showed the need for increasing
scientific research in this area.

Tn contrast, the participants in the studies included in this review
were from countries with a medium-to-high socioeconomic
status; this leads to the limitation that such AVG interventions
are difficult to implement or are not applicable in countries with
a low socioeconomic status because of the lack of resources
and lower purchasing power. It would be interesting to study
the feasibility and possibilities of such interventions in societies
with low socioeconomic status.

Furthermore, studies investigating the effects of AVG in children
with obesity with some information from geohash dashboards
related to the environment where the participants live and where
the school is located can be useful to increase the strength of
the hypothesis on how AVG affects the features addressed, as
there are several features where weak correlation has been found
with AVG use, as. As stated earlier, 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 a
sufficient duration and the structuring and planning of that
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intervention. In addition, most of the scientific evidence that
has studied AVG mterventions combined with traditional
exercise lacked a control group to compare the effects; these
AVG interventions seem to be promising, but RCTs are needed
to investigate the effects of these AVG interventions.

Finally, few studies have examined the effects of an AVG
intervention on muscular fitness and motor competence, which,
as mentioned earlier, are components of the pediatric inactivity
triad observed by Faigenbaum et al [76] together with exercise
deficitdisorder. The importance of these 2 variables lies in their
close relationship with PA and sports participation, which can
improve the physical fitness and body composition of children
and adolescents, which is especially important in those who are
overweight or obese. By improving the muscle strength and
motor skill of these children and adolescents, we may make
them more active and therefore healthier.

RCTs are needed to investigate the effects of AVG interventions
on children's muscle strength and motor skills to learn about
the possibilities of AVG interventions in stopping the vicious
circle of pediatric inactivity triad.

Limitations

The limitations of this review should be acknowledged. A wide
variety of AVG interventions have been included, with different
devices and training interventions (duration, frequency, training
setting or training dynamic, and type of AVG), which makes it
difficult to analyze all the articles together and to obtain
generalized results. In addition, the potential risk of bias of some
studies was not considered when interpreting the results. Finally,
some subgroup analyses were not performed because of the
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small number of controlled trials. Gender, demographics, or
race influence were not deeply addressed because the studies
did not show the results divided by these covariates. However,
it would be interesting to investigate whether such interventions
are more effective depending on them.

Strengths

This study also has several strengths. To the best of our
knowledge, this is the first meta-analysis to summarize the
existing research on the effects of AVG on health-related
physical fitness and motor competence in children and
adolescents with overweight and obesity. This analysis included
not only the effects of AVG on BMI, but also those on body
composition, CRF, muscular fitness, and motor competence.
This study allowed us to realize that more RCTs reporting motor
competence and muscular fitness results are needed.

Conclusions

AVGs could be a good strategy to fight childhood obesity. AVG
programs showed positive effects on BMI and body fat
percentage. Improvements in CRF have been observed after an
AVG intervention. Children and adolescents could benefit from
AVGs to improve motor competence, but further research is
needed to confirm these results. The effects of AVG programs
on muscular fitness or fat-free mass are also unclear.

In conclusion, AVGs seem to be an effective tool to improve
health-related physical fitness and is a promising tool for
improving motor competence in children and adolescents. AVGs
can even be considered as a prospective alternative to traditional
exercise for enhancing health status during childhood.
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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
IT 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.

- 130 -



Int. |. Environ. Res. Public Health 2021, 18, 6965 4 0f23

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 (n = 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 (i = 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)

—»l Duplicates excluded (1 = 4434)

-3

2

S

- |

g "

= ’ Records after duplicates removed ‘ Records excluded by title or abstract for reason
(n= 8833) (n=8234):

Not topic: (1 = 6745)
Not scientific articles (n = 140)
Reviews, systematic reviews or meta-
analysis (n = 118)
Subjects older than 18 years old (n = 463)
2 - Subjects with diseases or disorders (1 =638)
i L - Studies using mobile devices or virtual

E reality (n = 127)
Records fully screened
(=539

Full-text articles excluded with reason (1 = 579)

= Unrelated topic (no fitness or motor
g competence) ( = 388)

:a - Nolongitudinal studies (1 = 160)
=

Participants were children or adolescents
with overweight or obesity (1 = 26)
Non-controlled trials (1 = 5) (Non-
S controlled trials were taken into account in the
discussion of the article but not in meta-
™ analysis)

Studies included in systematic
review (n = 20)

Studies included in meta
analysis (n = 7

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

Included

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 (0O), 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, CRFE, 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 I? statistic [45]. This statistic describes the variance between
studies as a proportion of the total variance and was interpreted as follows: 12 = 0-25% no
heterogeneity, I = 25-50% moderate heterogeneity, I> = 50-75% high heterogeneity, and
I? = 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

Medeiros et al., 2020 [46]

McGann et al.,, 2019 [47]

Gao et al., 2019 [48]

Coknaz et al., 2019 [49]

Yeet al., 2019 [50]

Fuetal., 2018 [37]

Lauetal., 2017 [51]

Vernadakis etal., 2015 [52]

900000 -
®00O OSSO
®0OSSSS S
®OOSDSS S
®9OSSSS S
®eODSS S
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Table 1. Cont.

Study, Year

Johnson et al., 2015 [53]

Mombarg et al., 2013 [54]

Sheehan et al., 2013 [55]

Sheehan et al., 2012 [56]

Maloney et al., 2012 [57]

Graves etal., 2010 [58]

Maloney et al., 2008 [59]

o

900 0006-
®00® OO 6-
®OSSSS S:
®00OOOSOG-
®00® e 6

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 El:spm lSe_lectlon l?las n Deviations Blale!lP to Bias in Selection of 0_"““"
Confounding of Participants Classification of from Intended Missing Measurement o eported Risk of
into the Study Interventions N Data of Outcomes Bias

Interventions Result
%;07231] LOW LOW LOW LOW LOW MODERATE LOW LOW
%fge[‘;‘ll]“ LOW LOW LOW LOW LOW MODERATE LOW LOW
;ﬁ;t[géi LOW LOW LOW LOW LOW MODERATE LOW LOW
2?1?;[:15:'] LOW LOW LOW LOW LOW MODERATE LOW LOW
T Low Low Low Low LOW  MODERATE  LOW Low

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 Kj.nect®, 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 Study Design Intervention Control Training Variables and Outcomes
n Age Test Used
AVGand CG
Period: 9 weeks ) showed :
) n=64 ) ) Frequency: 2 days improvements in
Medeiros et al., male (30) 9.09 + 0.75 years RCT Xbox Kinect CG: PE curriculum per week MC (TGMD-2) MC, but AVG
2020 [46] (n1=32) class (1 =32) - . showed
female (34) Duration: 45 min . .
- improvements in
per session more skills of
TGMD-2
AVG improved
Cifcietal, =100 . Nointervention _Feriod: Sweeks  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
n=d40 AVG focus on MC and CG, and
McGannetal., . playing atScratch  Traditional AVG ~ Period: 8 weeks g group by time
2019 [47] male 21) 57 years RCT Wwith Kinect (n=20) Frequency: Daily M (T6MD-2) effect with
female (19) cliect
(n=20) significantly
higher scores
by AVG.
n=3 e onaly ;Zgﬁ:nclj ?Zefyss BMI
Gaoetal., 2019 male (16) 472 £ 0.7 years RCT (.Le apTV No intervention per week CRF (3-Minute No effects for BMI
48] gaming console) (n=14) : ) and CRF
female (16) (1=18) Duration: 30 min Step Test)
= per session
Period: 12 weeks
_ AVG group: -
Coknaz et al.,, 2019 =106 9.62 + 1.02 years Nintendo Wii ) ) Frequency: 3 days AVG decreased
‘male (46) RCT No intervention per week BMI BMI while
[49] Control group: (n=53) ) ) .
female (60) Duration: 50-60 min CG increased
1031 + 1.15 years -
per session
Int. |. Environ. Res. Public Health 2021, 18, 6965 90f23
Table 3. Cont.
Participants i
Study [Ref.] P Study Design Intervention Control Training Variables and Outcomes.
" Age Test Used
Period: 8 weeks
Gaoetal n=56 Nintendo Wiiand o o Frequency: 5 days No group effect,
2019 [6 l]' . male (23) 4.5 + 0.46 years Non-RCT Xbox Kinect Z36 per week MC (TGMD-2) but time effect
. female (33) (n=20) (n=36) Duration: 20 min for MC
per session
Period: School
AVG during recess year
n=81 4 r€ ) ) Frequency: 5 days )
Yeeet al., 2019 [50] male (42) 9.23 & 0.62 years RCT (NintendoWiiand  No intervention per week CRF (Halfmile  \ fects for CRE
Xbox Kinect) (n =45) © run test)
female (39) _36 during recess
(=36) Duration: 50 min
per session
AVG (GoNoodle,
Adventure to Period: 18 weeks
n=65 Fitness, and Five 30-minof  Frequency: 3 days CRF (20- AVG showed a
Fuetal, 2018 [36] male and 116 + 05 years Non-RCT Cosmic Kids Yoga)  free-play sessions per week b AC(ER‘)“ higher CRE
female in regular school (n=32) Duration: 30 min than CG
class time per session
(n=33)
AVG (GoNoodles,
Aiiventure to ) . Period: 12. weeks AVG showed
n=65 Fitness, and Five 30-minof  Frequency: 5 days hisher i i
Fuetal., 2018 [37] ‘male (34) 49 + 0.7 years RCT Cosmic Kids Yoga) ~ free-play sessions per week MC (TGMD-3) ghs
- W . TGMD-3 score
female (31) in regular school (n=29) Duration: 30 min
8 than CG
class time per session
(n=36)

- 135 -



Int. |. Environ. Res. Public Health 2021, 18, 6965

100f23

Table 3. Cont.
Study [Ref.] Participants — Study Design Intervention Control Training hrcien Outcomes
n ge
BMI
HRF
(FITNESSGRAM
protocols for
PACER) AVG improved
Period: 9 month MF (hand-grip BMI, CRF, MF and
5250 125minof AVG  125minof PEonly  Frequency: 3 PE d y, OCS, while CG
Yeetal, 2018 [38] male and 8.27 + 0.70 years Non-RCT ()I(\]l;"'a“.d” Wii and (G classes classes and push-ups and improved CRF
female ox Kinect) + PE per week) 2 exergaming curl-ups) and ob!ect control
(n=135) (n=115) sessions per week  MC (speed for skills but
Duration: 125 min Kicking and worsened MF
throwing, and BML
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
23;‘65[';‘11]" male (25) 9.23 4 0.5 years RCT Xl’(‘y’xxi‘g)"“ L ‘(“”“":“;E?""“ wosk aftor sehool | CRE (20-m shuttle and CG,
i female (55) Duration: 60 min run test) with higher
per day improvements
in AVG
EXE: traditional
e motor competence  Period: 8 weeks o and |
Vernadakis et al., s amd 635 + 0.73 years RCT Xbox Kinect training program  Frequency and MSC(OCSwith (o entsin
2015 [52] omalos : - (n=22) (n=22) and no duration: TGMD-2) OCE 002 howed
intervention Non-reported "
(1=22) no improvements
Period: 6 weeks
Johnson etal, n=36 Xbox Kinect Nointervention  Frequency: 5days e (6¢s with N‘;fg‘:&f[ggcgcs
2015 [59] ’ male (53%) 6-10 years RCT (n=19; n=17; per week TGMD-3) between groups
: female (47%) 7.9 + 1.5 years) 80+ 12years)  Duration: 50 min for ACG
in lunchtime
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Table 3. Cont.
Study [Ref.] Participants — Study Design Intervention Control Training hrcien Outcomes
n ge
AVG showed a
Dance Mat . . .
. No intervention o BMI positive effect on
Azevedoetal, v Exergaming =217, Period: 12months 5 s weight, BMI and
2014 [35] maleand female  11-13 years old Non-RCT u Z(”;OZfO; _ 11.3(1 Odyears;  Fredueney:2 h o crp (ZOf(m sm:me %BFgcompared to
Gom femﬁ:; . 64.5% female) PETWEE run test) CG, but not
on CRF
Both AVG and
CG showed
improvements in
MC. Balance
scores of the
: Nil?t;mdo \l:m » Period: 6 we;ks MC (moval;uem A;’ign‘i‘f“ign‘"‘l’;d
n=2 (Wii-balance boa: . . Frequency: 3 days assessment batter: g
Mombar%E‘ al, male (23) 7-12 years RCT with the NGECEvCRton qper vi’eek Y for children andy i
2013 [54] female (6) Wifitol (n=14) v ) e the control group
plus) Duration: 30 min Bruininks showed no
(n=15) per session Oseretsky Test) il
significant progress.
There were
significant
interaction effects
on balance scores,
favoring the AVG.
CG1: PE
curriculum class AVG and the ABC
iDanceTNTQ“XR (n=21) Period: & weeks ~ PE(CGY)
_ Board™ CG2: PE geared : improved their
n=6l ) ™ - Frequency: MC (balance test S
Sheehan etal., male (33) 9.10 years RCT /Lightspace™, towardagility, 4 o I e fUR | Postural stability
2013 [5 o 8 ¥ and Wi balance, and Dot BTa™ significantly
female (28) Fit™ Plus coordination RO S S platform) o ared to those
(n=21) (ABC) per session in the curricular
improvement PE dlass.
(n=19)
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Table 3. Cont.
Participants i
Study [Ref.] P Study Design Intervention Control Training Vasiables and Outcomes
" Age Test Used
CG1: PE AVG and the ABC
curriculum class PE (CG2)
(.n =21) Period: 6 weeks improved the
n=65 CG2: PE geared Frequency: 3days ~ MC (balance test balance compared
Sheehan etal,, Wii Fit+™ toward agility, - - to those in the
h ‘male (29) 9-10 years RCT per week with the HUR ;
2012 [56] (n=22) balance, and . . T™ curricular PE class.
female (36) ce, a Duration: 34 min  BT4™ platform)
coordination o 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
Mazlgln?f:;'] al, male (71%) 13.7 4 0.6 years RCT the Groove) Ne ‘(“Y:‘i“;‘;?"f’“ school days BMI B&YS‘:;C:EZZESG
) female (29%) (n=29) = per week
Duration: 10 min
per session
Period: 6 and
=58 12 weeks
Graves etal., - Nintendo WiijOG  No intervention Frequency and BMI No effects for BF
2010 [58] fxi(sfg 92+ 05years RCT (n=29) (n=29) duration: FM (DXA) or BMI
19) Non-reported
home-based
=60 . . .
Maloney et al., " DDR No intervention Period: 28 weeks No changes
2008 [59] fxiie(f;’{;) 75 £ 0.5 years ReT (n=40) (n=20) Home-based B in BMI
%BF body fat percentage, AVG active video games, BMI body mass index, CG control group, CRF cardiorespi fitness, DXA dual Xera ptiometry, EXE exercise, FFM fat-free mass, FM fat mass,

FPG free-play group, HRF health-related fitness, MF muscul oskeletal 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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Studies Estimate (95%C.L) i

Gaoetal. 2019 0.015(-0.683, 0.714) —_——
Coknaz etal. 2019 7,0177) —

Lau etal. 2016 7y —_—
Graves et al. 2010 . 0,515) —_—.
Subgroup 0 (120 %, P=0.529) -0.063(-0.299, 0,174) J—
Fuetal. 2018 -0.991 (-1.255,-0.728) —a— i

Azevedoetal. 2014 -0.395 (-0.692,-0.099) — .

Maloney etal. 2008 -0.253 (-0.901,0.395) [ — —
Subgroup 1 (126107 % , P=0.005) 0590 (~1.071,-0.108) _

Overall (1"2=78.47 %, P=0.000) -0.291 (-0.631, 0.049) {::'

o
Standardized Mean Difference

Favouring AVG group Favouring control
group

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 0438 0.022; 0.855 0.001 82.9%

BMIbody mass index, CRF cardiorespiratory fitness.

3.2.1. Body Mass Index and Percentage of Body Fat

BML, 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: —1.3to —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% CIL: —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
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(SMD, —0.063; 95% IC, —0.299, 0.174). Heterogeneity among studies for BMI was very low
(12 = 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 [45] 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 CREF, 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 CRE 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 etal. [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
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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 CRF 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 (12 = 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) L
1
Fuetal 2018 1.235 (0704, 1.766) R
Lau etal. 2016 0,542 (0.096,0.989) S —
Azevedo et al. 2014 0.073 (-0.189,0.334) - H
Subgroup 0 (12=87.27 % , P=0.000) 0.585 (-0.070, 1.240) —
H
Yeetal. 2018 0.128 (-0.121,0.377) _.._ -
Subgroup 1 (1"2=NA , P=NA) 0,128 (-0.121,0.377) _
H
Overall (1"2=82.9 % , P=0.001) 0.438 (0.022,0.855) -{?—-
'
r T . T d
2 . o 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™ /Lightspacem, 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,
th =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, CRF, 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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3390/ijerph18136965 /51, Table S1: PRISMA 2020 item Checklist, Table S2: Descriptive characteristics
of included non-controlled trials.

Author Contributions: Conceptualization, ].A.C. and A.G.-A; methodology, ] A.C. and A.G.-A.;
software, LA.C. and A.G.-A; validation, C.C.-C. and A.G.-A_; formal analysis, C.C.-C. and J[M.-P.;
investigation, C.C.-C., JM.-P, AM.-L., G.V.-R., JA.C. and A.G.-A ; resources, ] A.C. and AG.-A;
data curation, C.C.-C.; writing—original draft preparation, C.C.-C.; writing—review and editing,
JM-P, AM-L., G.V-R,].AC.and A.G.-A.; visualization, C.C.-C., JM.-P, AM.-L, GV-R, J.A.C.
and A.G-A; supervision, [ A.C. and A.G.-A_; project administration, .A.C.; funding acquisition,
J.A.C. and A.G.-A. All authors have read and agreed to the published version of the manusecript.

Funding: This work was funded by the Spanish “Ministerio de Economia y Competitividad” (Project
DEP2017-85194-P). CCC received a Grant DGA2018 from the “Diputacion General de Aragéon”.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

L

2.

10.

11.

Ortega, EB.; Ruiz, |.R.; Castillo, ML].; Sjostrém, M. Physical fitness in childhood and adolescence: A powerful marker of health.
Int. ]. Obes. 2008, 32, 1-11. [CrossRef]

Chen, W.; Hammond-Bennett, A.; Hypnar, A.; Mason, S. Health-related physical fitness and physical activity in elementary
school students. BMC Public Health 2018, 18, 195. [CrossRef] [PubMed]

Pahkala, K; Hernelahti, M.; Heinonen, O] ; Raittinen, P; Hakanen, M.; Lagstrom, H.; Viikari, ] S.A ; Rénnemaa, T; Raitakari,
O.T; Simell, O. Body mass index, fitness and physical activity from childhood through adolescence. Br. J. Sports Med. 2013, 47,
71-77. [CrossRef] [PubMed]

Blair, S.N.; Cheng, Y.; Holder, |.S. Is physical activity or physical fitness more important in defining health benefits? Sci. Sport.
Exerc. 2001, 33, 379-399. [CrossRef] [PubMed]

Tomkinson, G.R.; Carver, K.D.; Atkinson, F; Daniell, N.D.; Lewis, L.K.; Fitzgerald, ].S.; Lang, ].; Ortega, F.B. European normative
values for physical fitness in children and adolescents aged 9-17 years: Results from 2 779 165 Eurofit performances representing
30 countries. Br. . Sports Med. 2017, 52, 1445-1456. [CrossRef] [PubMed]

Micheli, L.; Mountjoy, M.; Engebretsen, L.; Hardman, K.; Kahlmeier, S.; Lambert, E.; Ljungqvist, A.; Matsudo, V.; McKay, H.;
Sundberg, C.J. Fitness and health of children through sport: The context for action. Br. |. Sports Med. 2011, 45, 931-936. [CrossRef]
[PubMed]

Ahluwalia, N.; Dalmasso, P; Rasmussen, M; Lipsky, L.; Currie, C.; Haug, E; Kelly, C_; Damsgaard, M.T; Due, P; Tabak, L; et al.
Trends in overweight prevalence among 11-, 13- and 15-year-olds in 25 countries in Europe, Canada and USA from 2002 to 2010.
Eur. J. Public Health 2015, 25, 28-32. [CrossRef] [PubMed]

Nittari, G.; Scuri, S; Petrelli, F; Pirillo, L; Di Luca, N.M.; Grappasonni, L. Fighting obesity in children from European World
Health Organization member states. Epidemiological data, medical-social aspects, and prevention programs. La Clin. Ter. 2019,
170, €223-e230. [CrossRef]

Westerterp, KR. Changes in physical activity over the lifespan: Impact on body composition and sarcopenic obesity. Obes. Rev.
2018, 19, 8-13. [CrossRef]

Garcia-Hermoso, A.; Alonso-Martinez, A.M.; Ramirez-Vélez, R.; Izquierdo, M. Effects of Exercise Intervention on Health-Related
Physical Fitness and Blood Pressure in Preschool Children: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. Sports Med. 2019, 50, 187-203. [CrossRef]

Poitras, V.J.; Gray, C.; Borghese, M.M.; Carson, V.; Chaput, ].-P; Janssen, L.; Katzmarzyk, P; Pate, R.R.; Gorber, S.C.; Kho, M.; et al.
Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged
children and youth. Appl. Physiol. Nutr. Metab. 2016, 41, 197-239. [CrossRef]

_ 145 -



Int. |. Environ. Res. Public Health 2021, 18, 6965 21 of 23

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

24.

26.

27.

28.

29.

31.

32.

36.

37.

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, ].-P;; Chastin, S.; Chou, R;; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. |. Sports Med. 2020, 54, 1451-1462.
[CrossRef]

Guthold, R; Stevens, G.A ; Riley, L.M.; Bull, E.C. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 1-6 million participants. Lancet Child Adolesc. Health 2020, 4, 23-35. [CrossRef]
Faigenbaum, A.D_; Rial Rebullido, T; MacDonald, ] P. Pediatric Inactivity Triad: A Risky PIT. Curr. Sports Med. Rep. 2018, 17,
45-47. [CrossRef]

Moliner-Urdiales, D.; Ruiz, ].R.; Ortega, FB.; Jiménez-Pavon, D.; Vicente-Rodriguez, G.; Rey-Lépez, |.P.; Martinez-Gomez, D.;
Casajus, .A.; Mesana, M.L; Marcos, A; et al. Secular trends in health-related physical fitness in Spanish adolescents: The AVENA
and HELENA Studies. ]. Sci. Med. Sport 2010, 13, 584-588. [CrossRef]

Cohen, D.; Voss, C.; Taylor, M.; Delextrat, A.; Ogunleye, A.; Sandercock, G. Ten-year secular changes in muscular fitness in
English children. Acta Paediatr. Int. J. Paediatr. 2011, 100, e175-e177. [CrossRef]

Albon, HM.; Hamlin, M.J.; Ross, .]. Secular trends and distributional changes in health and fitness performance variables of
10-14-year-old children in New Zealand between 1991 and 2003. Br. |. Sports Med. 2010, 44, 263-269. [CrossRef]

Faigenbaum, A.D.; Bruno, L.E. A fundamental approach for treating pediatric dynapenia in kids. ACSM Health Fit. J. 2017, 21,
18-24. [CrossRef]

Smith, ] J.; Eather, N.; Weaver, R.G.; Riley, N.; Beets, M.W.; Lubans, D.R. Behavioral Correlates of Muscular Fitness in Children
and Adolescents: A Systematic Review. Sports Med. 2019, 49, 887-904. [CrossRef]

Fiihner, T.; Kliegl, R.; Arntz, F; Kriemler, S.; Granacher, U. An Update on Secular Trends in Physical Fitness of Children and
Adolescents from 1972 to 2015: A Systematic Review. Sports Med. 2021, 51, 303-320. [CrossRef]

Lai, 5.K.; Costigan, S.A.; Morgan, PJ.; Lubans, D.R.; Stodden, D.F.; Salmon, |.; Bamnett, L. M. Do School-Based Interventions
Focusing on Physical Activity, Fitness, or Fundamental Movement Skill Competency Produce a Sustained Impact in These
Outcomes in Children and Adolescents? A Systematic Review of Follow-Up Studies. Sports Med. 2014, 44, 67-79. [CrossRef]
Jaakkola, T.; Yli-Piipari, S.; Huotari, P.; Watt, A ; Liukkonen, ]. Fundamental movement skills and physical fitness as predictors of
physical activity: A 6-year follow-up study. Scand. |. Med. Sci. Sports 2016, 26, 74-81. [CrossRef]

Cattuzzo, M.T.; Henrique, R.D.S.; Ré, A H.N.; de Oliveira, 1.S.; Melo, B.M.; Moura, M.D.S.; de Aratjo, R.C.; Stodden, D. Motor
competence and health related physical fitness in youth: A systematic review. J. Sci. Med. Sport 2016, 19, 123-129. [CrossRef]
Milne, N.; Leong, G.M.; Hing, W. The relationship between children’s motor proficiency and health-related fitness. J. Paediatr.
Child Health 2016, 52, 825-831. [CrossRef]

Lubans, D.R.; Morgan, PJ.; Cliff, D.P; Barnett, LM.; Okely, A.D. Fundamental Movement Skills in Children and Adolescents
Review of Associated Health Benefits. Sport. Med. 2010, 40, 1019-1035. [CrossRef]

American College of Sport Medicine Exercise is Medicine: The Power of Physical Activity. Available online: https:/ /www.
exerciseismedicine.org /support_page php /physical-activity-health-impact/ (accessed on 10 April 2020).

Beedie, C.; Mann, 5.; Jimenez, A.; Kennedy, L.; Lane, A.M.; Domone, S.; Wilson, S.; Whyte, G. Death by effectiveness: Exercise as
medicine caught in the efficacy trap! Br. |. Sports Med. 2016, 50, 323-324. [CrossRef]

Peng, W,; Lin, ].-H.; Crouse, J. Is Playing Exergames Really Exercising? A Meta-Analysis of Energy Expenditure in Active Video
Games. Cyberpsychol. Behav. Soc. Netw. 2011, 14, 681-688. [CrossRef]

Sween, [.; Wallington, S.F.; Sheppard, V.; Taylor, T.; Llanos, A.; Adams-Campbell, L.L. The Role of Exergaming in Improving
Physical Activity: A Review. J. Phys. Act. Health 2014, 11, 864-870. [CrossRef]

Gao, Z; Chen, S.; Pasco, D.; Pope, Z. A meta-analysis of active video games on health outcomes among children and adolescents.
Obes. Rev. 2015, 16, 783-794. [CrossRef]

Leblanc, A.G; Chaput, ].-P; McFarlane, A.; Colley, R.C.; Thivel, D.; Biddle, S.J.H.; Maddison, R.; Leatherdale, S.T.; Tremblay, M.S.
Active Video Games and Health Indicators in Children and Youth: A Systematic Review. PLoS ONE 2013, 8. [CrossRef]

Biddiss, E; Irwin, J. Active Video Games to Promote Physical Activity in Children and Youth A Systematic Review. Arch. Pediatr.
Adolesc. Med. 2010, 164, 664—672. [CrossRef] [PubMed]

Barnett, A.; Cerin, E.; Baranowski, T. Active Video Games for Youth: A Systematic Review. |. Phys. Act. Health 2011, 8, 724-737.
[CrossRef] [PubMed]

Comeras-Chueca, C.; Villalba-Heredia, L.; Pérez-Llera, M.; Lozano-Berges, G.; Marin-Puyalto, J.; Vicente-Rodriguez, G.;
Matute-Llorente, A.; Casajus, J.A.; Gonzdlez-Agiiero, A. Assessment of Active Video Games’ Energy Expenditure in Chil-
dren with Overweight and Obesity and Differences by Gender. Int. J. Environ. Res. Public Health 2020, 17, 6714. [CrossRef]
[PubMed]

Azevedo, L.B.; Watson, D.B.; Haighton, C.; Adams, ]J. The effect of dance mat exergaming systems on physical activity and
health—related outcomes in secondary schools: Results from a natural experiment. BMC Public Health 2014, 14. [CrossRef]

Fu, Y.; Burns, R.D. Effect of an Active Video Gaming Classroom Curriculum on Health-Related Fitness, School Day Step Counts,
and Motivation in Sixth Graders. J. Phys. Acf. Health 2018, 15, 644-650. [CrossRef]

Fu, Y.; Burns, R.D.; Constantino, N.; Zhang, P. Differences in Step Counts, Motor Competence, and Enjoyment Between an
Exergaming Group and a Non-Exergaming Group. Games Health J. 2018, 7, 335-340. [CrossRef]

Ye, S.; Lee, |.E; Stodden, D.F; Gao, Z. Impact of Exergaming on Children’s Motor Skill Competence and Health-Related Fitness:
A Quasi-Experimental Study. J. Clin. Med. 2018, 7, 261. [CrossRef]

_ 146 -



Int. |. Environ. Res. Public Health 2021, 18, 6965 22 0f 23

39.

40.

41.

43.

45.

46.

47.

49,

51.

52.

53.

55.

56.

57.

59.

61.

62.

De Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for
school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660-667. [CrossRef]

Higgins, ].PT.; Green, S. (Eds.) Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [Updated March 2011];
Cochrane: London, UK, 2011.

Page, MJ.; McKenzie, ].E; Bossuyt, PM.; Boutron, I; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, JM.; Akl, E.A.;
Brennan, S.E; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM] 2021, 372.
[CrossRef]

Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P; Stewart, L.A.; Estarli, M.;
Barrera, ES.A; et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Rev. Esp. Nutr. Hum. Diet. 2016, 20, 148-160. [CrossRef]

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I; Cates, CJ.; Cheng, H.-Y; Corbett, M.S.;
Eldridge, S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366. [CrossRef] [PubMed]
Sterne, ].A,; Hernan, M.A; Reeves, B.C.; Savovié, |.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.;
Boutron, L; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BM] 2016, 355. [CrossRef]
[PubMed]

Higgins, J.P.T,; Altman, D.G,; Getzsche, P.C.; Jiini, P.; Moher, D.; Oxman, A.D.; Savovi¢, J.; Schulz, K.F.; Weeks, L.;
Sterne, ].A.C; et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BM] 2011, 343. [CrossRef]
[PubMed]

Medeiros, P; Felden, E.PG.; Zequindo, MLA; Cordeiro, PC.; de Freitas, K. T.D.; dos Santos, J.O.L.; Cardoso, EL. Positive effect of a
motor intervation program with exergames: A blind randomized trial. Inf. J. Game Based Learn. 2020, 10, 55-64. [CrossRef]
McGann, [; Issartel, ].; Hederman, L.; Conlan, O. Hop.Skip.Jump.Games: The effect of “principled” exergameplay on children’s
locomotor skill acquisition. Br. J. Educ. Technol. 2019, 51, 798-816. [CrossRef]

Gao, Z; Lee, | E; Zeng, N.; Pope, ZC; Zhang, Y; Li, X. Home-Based Exergaming on Preschoolers” Energy Expenditure,
Cardiovascular Fitness, Body Mass Index and Cognitive Flexibility: A Randomized Controlled Trial. J. Clin. Med. 2019, 8, 1745.
[CrossRef] [PubMed]

Coknaz, D,; Mirzeoglu, A.D.; Atasoy, H.I; Alkoy, S.; Coknaz, H.; Goral, K. A digital movement in the world of inactive children:
Favourable outcomes of playing active video games in a pilot randomized trial. Eur. . Nucl. Med. Mol. Imaging 2019, 178,
1567-1576. [CrossRef]

Ye, S.; Pope, Z.C.; Lee, ].E.; Gao, Z. Effects of school-based exergaming on urban children’s physical activity and cardiorespiratory
fitness: A quasi-experimental study. Int. |. Environ. Res. Public Health 2019, 16, 4080. [CrossRef]

Lau, PW.C.; Wang, ].J.; Maddison, R. A Randomized-Controlled Trial of School-Based Active Videogame Intervention on Chinese
Children’s Aerobic Fitness, Physical Activity Level, and Psychological Correlates. Games Health J. 2016, 5, 405-412. [CrossRef]
Vernadakis, N.; Papastergiou, M ; Zetou, E.; Antoniou, P. The impact of an exergame-based intervention on children’s fundamental
motor skills. Comput. Educ. 2015, 83, 90-102. [CrossRef]

Johnson, TM.; Ridgers, N.D.; Hulteen, R.M.; Mellecker, R.R.; Barnett, L.M. Does playing a sports active video game improve
young children’s ball skill competence? J. Sci. Med. Sport 2016, 19, 432-436. [CrossRef]

Mombarg, R.; Jelsma, D.; Hartman, E. Effect of Wii-intervention on balance of children with poor motor performance. Res. Dev.
Disabil. 2013, 34, 2996-3003. [CrossRef]

Sheehan, D.P.; Katz, L. The effects of a daily, 6-week exergaming curriculum on balance in fourth grade children. J. Sport Health
Sci. 2013, 2, 131-137. [CrossRef]

Sheehan, D.P; Katz, L. The impact of a six week exergaming curriculum on balance with grade three school children using the
wil FIT+TM. Int. J. Comput. Sci. Sport 2012, 11, 5-22. [CrossRef]

Maloney, A.E.; Stempel, A.; Wood, MLE; Patraitis, C.; Beaudoin, C. Can Dance Exergames Boost Physical Activity as a School-
Based Intervention? Gamies Health |. 2012, 1, 416-421. [CrossRef]

Graves, L.E.F; Ridgers, N.D.; Atkinson, G.; Stratton, G. The Effect of Active Video Gaming on Children’s Physical Activity,
Behavior Preferences and Body Composition. Pediatr. Exerc. Sci. 2010, 22, 535-546. [CrossRef]

Maloney, A.E; Bethea, T.C.; Kelsey, K.S.; Marks, |.T,; Paez, S; Rosenberg, A.M.; Catellier, D.J; Hamer, RM.; Sikich, L. A Pilot of a
Video Game (DDR) to Promote Physical Activity and Decrease Sedentary Screen Time. Obesity 2008, 16, 2074-2080. [CrossRef]
Cifei, C.; Baspinar, 5.G. The Effects of Active Video Games on Strength, Vertical Jumping and Flexibility in Children Aged 12 to
15 Years Old. Int. |. Appl. Exerc. Physiol. 2020, 9, 70-77. [CrossRef]

Gao, Z.; Zeng, N.; Pope, Z.C.; Wang, R.; Yu, E Effects of exergaming on motor skill competence, perceived competence, and
physical activity in preschool children. J. Sport Health Sci. 2019, 8, 106-113. [CrossRef]

De Brito-Gomes, J.L.; Perrier-Melo, R].; De Oliveira, SEM.; Guimaraes, F].D.S.P.; Costa, M.D.C. Physical Effort, Energy
Expenditure, and Motivation in Structured and Unstructured Active Video Games: A Randomized Controlled Trial. Hum. Mov.
2016, 17, 190-198. [CrossRef]

Owens, S.G.; Garner, ].C.; Loftin, .M.; van Blerk, N.; Ermin, K. Changes in Physical Activity and Fitness after 3 Months of Home
Wii Fit Use. J. Strength Cond. Res. 2011, 25, 3191-3197. [CrossRef]

Bethea, T.C.; Berry, D.; Maloney, A.E; Sikich, L. Pilot Study of an Active Screen Time Game Correlates with Improved Physical
Fitness in Minority Elementary School Youth. Games Health J. 2012, 1, 29-36. [CrossRef]

_ 147 -



Int. |. Environ. Res. Public Health 2021, 18, 6965 23 0f23

66.

67.

69.

70.

71.

72.

73.

74.
75.

76.

78.

79.

81.

82.

Gao, Z.; Zeng, N.; McDonough, D.J.; Su, X. A Systematic Review of Active Video Games on Youth’s Body Composition and
Physical Activity. Int. ]. Sports Med. 2020, 41, 561-573. [CrossRef]

Hernandez-Jiménez, C.; Sarabia, R.; Paz-Zulueta, M.; Paras-Bravo, P; Pellico, A.; Azcona, L.R,; Blanco, C.; Madrazo, M.;
Agudo, M.].; Sarabia, C; et al. Impact of Active Video Games on Body Mass Index in Children and Adolescents: Systematic
Review and Meta-Analysis Evaluating the Quality of Primary Studies. Int. . Environ. Res. Public Health 2019, 16, 2424. [CrossRef]
Oliveira, C.B.; Pinto, R Z; Saraiva, B.T.C.; Tebar, W.R_; Delfino, L.D.; Franco, M.R ; Silva, C.C.M_; Christofaro, D.G.D. Effects of
active video games on children and adolescents: A systematic review with meta-analysis. Scand. |. Med. Sci. Sports 2020, 30, 4-12.
[CrossRef]

Zeng, N.; Gao, Z. Exergaming and obesity in youth: Current perspectives. Intf. J. Gen. Med. 2016, 9, 275-284. [CrossRef]

Gao, Z.; Chen, S. Are field-based exergames useful in preventing childhood obesity? A systematic review. Inf. Assoc. Study Obes.
2014, 15, 1-16. [CrossRef]

Norris, E; Hamer, M.; Stamatakis, E. Active Video Games in Schools and Effects on Physical Activity and Health: A Systematic
Review. |. Pediatr. 2016, 172, 40-46.e5. [CrossRef]

Lamboglia, CM.G.F; Da Silva, V.T.B.L.; Filho, ] ED.V,; Pinheiro, M.HN.P; Munguba, M.; Jinior, EV.LS.; De Paula, FAR.;
Da Silva, C.A.B. Exergaming as a Strategic Tool in the Fight against Childhood Obesity: A Systematic Review. J. Obes. 2013,
2013, 438364. [CrossRef] [PubMed]

George, A.M.; Rohr, L.E.; Byrne, J. Impact of Nintendo Wii Games on Physical Literacy in Children: Motor Skills, Physical Fitness,
Activity Behaviors, and Knowledge. Sporfs 2016, 4, 3. [CrossRef]

Gao, Z; Lee, L.E; Pope, Z.; Zhang, D. Effect of Active Videogames on Underserved Children’s Classroom Behaviors, Effort, and
Fitness. Games Health |. 2016, 5, 318-324. [CrossRef] [PubMed]

Kari, T. Can Exergaming Promote Physical Fitness and Physical Activity? Int. . Gaming Comput. Simul. 2014, 6, 59-77. [CrossRef]
Kari, T. Promoting Physical Activity and Fitness with Exergames. In Transforming Gaming and Computer Simulation Technologies
across Industries; IGI Global: Hershey, PA, USA, 2016; pp. 225-245. [CrossRef]

Van Brussel, M.; Bongers, B.C.; Hulzebos, E.H.; Burghard, M.; Takken, T. A Systematic Approach to Interpreting the Cardiopul-
monary Exercise Test in Pediatrics. Pediatr. Exerc. Sci. 2019, 31, 194-203. [CrossRef] [PubMed]

Armstrong, N.; Welsman, J.; Winsley, R. Is Peak VO2a Maximal Index of Children’s Aerobic Fitness? Int. J. Sport. Med. 1996, 17,
356-359. [CrossRef]

Smits-Engelsman, B.C.; Jelsma, L.D.; Ferguson, G.D. The effect of exergames on functional strength, anaerobic fitness, balance
and agility in children with and without motor coordination difficulties living in low-income communities. Hum. Mov. Sci. 2017,
55, 327-337. [CrossRef]

De Medeirosa, P; Capistranoa, R.; Almeida, M.; Aparecida, S.; Silva, T; Cardoso, F. Exergames as a tool for the acquisition and
development of motor skills and abilities: A systematic review. Rev. Paul. Pediatr. 2017, 35, 464—471. [CrossRef]

Page, Z.E ; Barrington, S.; Edwards, | ; Barnett, L M. Do active video games benefit the motor skill development of non-typically
developing children and adolescents: A systematic review. J. Sci. Med. Sport 2017, 20, 1087-1100. [CrossRef]

De Meester, A.; Maes, ].; Stodden, D.; Cardon, G.; Goodway, J; Lenoir, M.; Haerens, L. Identifying profiles of actual and perceived
motor competence among adolescents: Associations with motivation, physical activity, and sports participation. J. Sports Sci.
2016, 34, 2027-2037. [CrossRef]

Bardid, F.; De Meester, A.; Tallir, I; Cardon, G.; Lenoir, M.; Haerens, L. Configurations of actual and perceived motor competence
among children: Associations with motivation for sports and global self-worth. Hum. Mov. Sci. 2016, 50, 1-9. [CrossRef]

_ 148 -



5.3 Articulo III

r' ‘ International Joumal of

: v
Environmental Research r\
[\ J’ and Public Health MD\Py

Article

Assessment of Active Video Games’ Energy
Expenditure in Children with Overweight and
Obesity and Differences by Gender

Cristina Comeras-Chueca '3, Lorena Villalba-Heredia %%, Marcos Pérez-Llera 23,
Gabriel Lozano-Berges 123, Jorge Marin-Puyalto 23, German Vicente-Rodriguez 1.2
Angel Matute-Llorente 123, José A. Casajiis 234 and Alejandro Gonzailez-Agiiero 1.23*

1 Faculty of Health and Sport Science (FCSD), Department of Physiatry and Nursing, Universidad de
Zaragoza, 50009 Zaragoza, Spain; ccomeras@unizar.es (C.C.-C.); glozano@unizar.es (G.L.-B.);
gervicen@unizar.es (G.V-R.); amatute@unizar.es (AM-L.)

GENUD (Growth, Exercise, Nutrition and Development) Research Group, Department of Physiatry and
Nursing, Universidad de Zaragoza, 50009 Zaragoza, Spain; lvillalbaheredia@unizar.es (L.V.-H.);
marcospelle21@gmail.com (M.P.-L.); jmarinp@unizar.es (J.M.-P.); joseant@unizar.es (J.A.C.)
EXERNET Red de Investigacion en Ejercicio Fisico y Salud para Poblaciones Especiales, Spain
Faculty of Health Science, Department of Physiatry and Nursing, Universidad de Zaragoza,
50009 Zaragoza, Spain
Correspondence: alexgonz@unizar.es
t  EXERNET is a scientific society to which the authors of the paper belong, and does not have a
physical headquarters.

check for

Received: 16 August 2020; Accepted: 9 September 2020; Published: 15 September 2020 updates

Abstract: (1) Background: Childhood obesity has become a main global health problem and active
video games (AVG) could be used to increase energy expenditure. The aim of this study was to
investigate the energy expenditure during an AVG intervention combined with exercise, differentiating
by gender. (2) Methods: A total of 45 children with overweight or obesity (19 girls) performed an
AVG intervention combined with exercise. The AVG used were the Xbox Kinect, Nintendo Wii, dance
mats, BROOL cycling simulator, and Nintendo Switch. The energy expenditure was estimated from
the heart rate recorded during the sessions and the data from the individual maximal tests. (3) Results:
The mean energy expenditure was 315.1 kilocalories in a one-hour session. Participants spent the most
energy on BKOOL, followed by Ring Fit Adventures, Dance Mats, Xbox Kinect, and the Nintendo Wii,
with significant differences between BKOOL and the Nintendo Wii. Significant differences between
boys and girls were found, but were partially due to the difference in weight, VO,,,, and fat-free
mass. (4) Conclusions: The energy expenditure with AVG combined with multi-component exercise
was 5.68 kcal/min in boys and 4.66 kcal/min in girls with overweight and obesity. AVG could be
an effective strategy to increase energy expenditure in children and adolescents with overweight
and obesity.

Keywords: active video games; energy expenditure; gender differences; children; obesity

1. Introduction

Obesity has become a main global health problem because of the alarming increase in its
prevalence [1]. The World Health Organization (WHO) even refers to obesity as a “global
pandemic” [2,3]. Childhood obesity is considered an important public health issue of the 21st
century [4,5], especially in developing countries but also in developed countries, with a prevalence of
18% of children and adolescents aged 5-19 with overweight or obesity in 2016 [6].
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Overweight and obesity involve serious consequences, including an increase in the risk of
developing cardiovascular and cardio-metabolic diseases such as type 2 diabetes, hypertension,
and metabolic syndrome; and psychosocial problems such as low self-esteem, low self-confidence,
low self-efficacy, low motivation for physical activity, bullying, or difficulties in establishing
relationships [7,8]. From an economic point of view, childhood obesity represents an economic
expense for the health-care system [9]. In addition, overweight and obese children are likely to
remain obese during adulthood and will be likely to develop all types of cardiovascular and metabolic
pathologies [4].

According to the WHO, insufficient physical activity is one of the main risk factors for death
worldwide and a key risk factor for non-communicable diseases such as cardio-metabolic and
cardiovascular diseases and cancer [10]. Children and adolescents should participate in at least
60 min of moderate to vigorous intensity physical activity daily, and could expect additional benefits
with a greater amount of physical activity [11]. Nevertheless, a large proportion of the children and
adolescents do not meet the public health recommendations of physical activity [12]. Over 80% of the
world’s adolescent population is insufficiently physically active, with girls being less active than boys
and inactivity rising with age [11,13], and the relationship between physical inactivity and obesity is
well known [14].

The development of new technologies with the industrial revolution has led to a decline in physical
activity and energy expenditure, but also to an increase in sedentary behavior among children and
adolescents [13]. The American Academy of Paediatrics recommends not to exceed 2 h of screen time
per day [15], but approximately a third of the European children included in IDEFICS study exceeded
the recommendations [16]. Screen-based behaviors such as using smartphones, tablets, or computers;
watching television; or playing videogames have become the preferred sedentary behaviors in free-time
daily living among children and adolescents [17,18]. Gender differences have been shown for screen
time, with boys spending more time in front of a screen and specifically playing video games [18].

The alarming increase in the prevalence of obesity and its dangerous consequences points out the
need to confront it from childhood. It is well known that exercise is an effective tool to fight against
obesity [19], but the main challenge is to ensure adherence to exercise in children with overweight
and obesity [20]. Obesity prevention and treatment strategies have not been successful in the long
term, and it is necessary to find new effective strategies to promote physical activity and to combat
childhood obesity [10,18]. According to Ara et al. [21], interventions with children and adolescents
with overweight or obesity are more likely to be effective and successful when working on reducing
sedentary time and increasing moderate to vigorous physical activity rather than restricting dietary
energy intake.

There is controversy about the influence of gender on energy expenditure. Drenowatz et al. [22]
showed that the absolute and relative energy expenditure were higher in males compared with females.
This could be due in part to the lower resting energy expenditure of females compared with males [23].
However, Geer et al. [24] reported similar resting energy expenditure in males and females when
normalized to lean body mass. Other studies investigating differences in energy expenditure between
males and females do not show significant differences. Klausen etal. [25] examined the effects of gender
on energy expenditure independent of differences in body composition, showing that no significant
differences between males and females for energy expenditure and basal metabolic rate were observed.
These results were supported by Grund et al. [26], who concluded that gender had no significant effects
on energy expenditure in prepubertal children. The results showed no gender differences in the resting
energy expenditure, total energy expenditure, and activity-related energy expenditure, in addition
to that resting energy expenditure and total energy expenditure were significantly related to fat-free
mass [26].

Active-video games (AVG) have been proposed as a promising alternative, seeking to ally with
new technologies rather than fighting against them [27,28]. AVG require body movement and the
involvement of large muscle groups and, therefore, can be used to increase energy expenditure [27].
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AVG interventions seems to be an effective strategy to promote the light-to-moderate physical activity
among children and adolescents, being a good alternative to replace some sedentary behaviors [29,30].
AVG can be used to increase the energy expenditure to meet the daily recommendations of physical
activity [31,32]. Some reviews show that AVG could contribute to promote a physically active
lifestyle [32,33]. AVG interventions need to be structured and supervised. because no effects
were found on physical activity or energy expenditure in home-based and/or unstructured AVG
interventions [34,35].

Although scientific evidence seems to show the potential of AVG to increase energy expenditure
and help children and adolescents achieve the daily physical activity recommendations to fight against
obesity, the possibilities and effects of exercise sessions with AVG need to be investigated. It is
unclear whether the intensity produced by AVG is enough to be considered a tool on which to base
an intervention to prevent or treat obesity. In addition, it would be interesting to investigate the
differences in energy expenditure when playing AVG between boys and girls. Gao et al. [33] pointed
out the importance of taking gender differences into account, so an analysis of energy expenditure
stratifying by gender is interesting.

A new AVG, the Ring Fit Adventures for Nintendo Switch, has been developed with the main
objective of exercising. The Ring Fit Adventures is cutting-edge technology in AVG, and that is why it
is necessary to study the potential of this AVG to fight against child obesity. What makes this AVG new
and different is the use of a resistance ring to exert a resistance in the upper limb exercises and the use
of a leg strap to control the movements of the lower extremities through a device with an accelerometer.
The structure is like that of a conventional video game, with levels to overcome, with the difference that
they are overcome with body movements and exercises. The intensity and difficulty of the exercises
increases as the levels are surpassed. The detailed explanation of the exercises that are carried out,
as well as a visual example, is noteworthy. In addition, it can be used by both adults and children.

Therefore, the aim of this study was to investigate the energy expenditure of combined sessions
using several AVG, as well as to analyze the energy expenditure of each of the AVG used, especially
the innovative AVG of Ring Fit Adventures. Furthermore, gender differences in energy expenditure
during the sessions were examined.

2. Materials and Methods

This study was performed in accordance with the ethical guidelines of the Helsinki Declaration of
1964 (revised in Fortaleza, 2013), and were reviewed and approved by the Research Ethics Committee
of the Government of Aragon (certificate number® 11/2018, CEICA, Spain). All the participants and
their parents or legal guardians were informed of the nature and possible risks of the experimental
procedures before their written informed consent was obtained.

This is a cross-sectional study which is part of a larger randomized controlled trial which is
registered in clinicaltrials.gov (identification number NCT04418713).

2.1. Participants

A total of 45 children with overweight or obesity met the inclusion criteria and participated in the
study. The inclusion criteria were as follows: the participants had to be between the ages of 9 and
12 years, in Tanner I or II stage and not having had menarche, with overweight or obesity calculated by
body mass index (BMI) and following the cut points of Cole et al. [36], without contraindications for
the practice of physical exercise, and without pathologies that worsen with physical exercise. Tanner’s
stage was evaluated by a medical doctor. In addition, the exclusion criteria for the participants’ daily
lives were the following: participating in regular high-level or high-intensity extracurricular physical
activities, following any special diet regime, and taking any medication that may interfere with the
variables evaluated.
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The participants were recruited from medical centers through their pediatricians or from schools
of Zaragoza (Spain). The parents and pediatricians were informed about the development of the
activity, the results, and the progress of the children.

2.2. Intervention

The participants were requested to attend to 3 sessions per week with a duration of 60 min
each one. A total of 91 sessions were recorded. The sessions were composed of 10 min of warm-up,
including joint mobility; dynamic flexibility; muscle activation; core, balance, and coordination
exercises. This was followed by the main part, which consisted of 45 min of exercise with a combination
of AVG and multicomponent exercise, following a circuit training dynamic where the participants
were continuously rotating from AVG to exercises, and finally a 5 min cool-down part to lower the
heart rate and end the session with static flexibility routines. In general, the sessions consisted of four
AVG with an average duration of 8 min, and the multicomponent exercise was performed between the
AVG. The multicomponent exercise lasted 13.1 min on average per session, divided into two or three
activities with different objectives depending on the planning.

In the main part, the AVG included were the following: the Xbox 360% with the Kinect using “Kinect
Adventures” and “Kinect Sport”; the Nintendo Wii® using “Wii Sports”, “Just Dance”, and “Mario
and Sonic at the Olympic Games”; dance mats using “Dance Dance Revolution” and “Mario and Sonic
at the Olympic Games” adapted from the Nintendo Wii to the dance mats; the BKOOL® interactive
cycling simulator connected to a tablet HUAWEI MediaPad T5 AGS2-W09; and the Nintendo Switch®
using “Ring Fit Adventures”. It is noteworthy that the Ring Fit Adventures is a novel AVG that has not
yet been studied. The intervention was carried out in two locations, the University of Zaragoza and
the “San Braulio” public school in Zaragoza. All the AVG were provided through funding, and each
site was equipped with the AVG necessary to develop the intervention. The sessions were different
every day, following a progression of difficulty and intensity and fulfilling the objectives previously
established in the planning. The participants did not play all the AVG in each session, so the number
of sessions recorded for each AVG is different. The order in which the activities were carried out was
different among the participants, as each participant started in an AVG and changed it after playing.

The AVG were combined with multicomponent exercises focused on enhancing health-related
physical fitness, such as cardiorespiratory fitness, muscular endurance, and/or muscular strength,
but also coordination and balance. This intervention design combining AVG with traditional exercise
was selected due to a potentially greater energy expenditure [30]. The multicomponent exercise
performed had a playful background to enhance motivation and enjoyment.

2.3. Outcomes

2.3.1. Physical Fitness

A walking-graded protocol was employed to assess cardiovascular fitness. Starting ata comfortable
walking pace (3.2 km/h), speed was increased by 0.8 km/h every 2 min until the participants walked
quickly (5.6 km/h), which was the maximum speed reached during the test. Then the slope was
increased by 4% every minute until exhaustion (up to maximum of 20%). The test was performed
on a treadmill (Quasar Med 4.0, h/p/cosmos, Nussdorf-Traunstein, Germany) with the mask fitted.
A medical doctor, specialized in sports medicine, supervised the whole test. Respiratory gas exchange
data were measured “breath-by-breath” using open circuit spirometry (Oxycon Pro, Jaeger/Viasys
Healthcare, Hoechberg, Germany). Previously to maximal testing, an experienced physician examined
each participant and gave permission to perform the cardiovascular fitness testing. The test was
explained to the participants, who were fitted with electrodes and had their resting heart rate measured
before starting.
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Peak values of oxygen uptake and heart rate were defined as the highest average values obtained
for any continuous 15 s period. The metabolic cart was calibrated with a gas of composition and
volume previously known prior to the first test each day, as recommended by the manufacturer.

Electrocardiography (ECG) was used to record heart rate, utilizing a 12-lead system before and
during the whole test. The maximal heart rate value was the highest value of heart rate recorded
during the last stage of exercise. The blood pressure was also measured with a digital monitor (M3,
HEM-7200-E, Omron Healthcare Europe, Hoofddorp, Netherlands), for health and safety reasons,
before the maximal effort test with the participant lying in a tilt, and during the recovery period in
standing position, both on the right arm. The cuffs were adjusted to the circumference of the tested
arm, and the measurement was taken twice. The participants had to be at rest 5 min before the
pre-testing measurement.

2.3.2. Accelerometer and Heart Rate Monitor

The children’s physical activity duration and intensity was objectively quantified using triaxial
accelerometers (ActiGraph-GT3X + BT, ActigraphTM, LLC, Fort Walton Beach, FL, USA). The children
wore the accelerometers during the whole session. These devices were placed on their left hip,
which has been shown to be the region providing the most reliable data using this technique [37].
The accelerometers were used to record the heart rate measured by the Polar H10 (Polar Electro Oy.,
Lake Success, NY, USA) heart rate sensor and the Pro Chest Strap via Bluetooth. The children wore the
Polar H10 heart rate sensor throughout the sessions, along with the accelerometer. It was important to
ensure the correct placement of the chest strap and to avoid interference with other participants who
were also wearing the band and the accelerometer.

2.3.3. Energy Expenditure Estimate

A maximal effort test was performed by all the participants. In order to estimate the oxygen
consumption during all parts of the session based on the registered heart rate, a linear regression
equation was calculated for each participant based on the heart rate and oxygen consumption data
during all stages of the treadmill test. The energy expenditure during each exercise and the whole
session was then estimated using this equation developed for each child and the heart rate data
obtained from the accelerometers and the Polar H10 heart rate sensor. This method is valid and reliable
to measure the energy expenditure [38,39], and is even more reliable than the accelerometry data [40],
also taking into account that one of the devices used consists of a cyclosimulator, which might not be
reliably registered by accelerometry.

2.4. Statistical Analyses

The Statistical Package for the Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA) was
used to perform all the statistical analyses. Statistical significance was set at p = 0.05in all tests. Data are
presented as mean and standard deviation (SD). Kolmogorov—Smirnov tests were performed to verify
the normal distribution of the variables, and the variables that did not show a normal distribution were
transformed. A one-way analysis of variance (ANOVA) was used to compare the energy expenditure
of each AVG. Independent t tests were used to examine the gender and BMI status differences in the
energy expenditure of each AVG. Cohen’s d effect sizes (95% confidence intervals (CI)) were calculated
and interpreted as small (0.2-0.5), medium (0.5-0.8), or large (>0.8). A linear regression was performed
for each participant with their individual oxygen consumption and heart rate data from the maximal
test to calculate the energy expenditure when playing AVG.

3. Results

A total of 45 children and adolescents (10.1 + 1.0 years) were included in this study. The participant
characteristics are detailed in Table 1. Boys weighed more than girls, were taller, and had a higher BMI
(all p < 0.05; Table 1).
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Table 1. Participant characteristics.

Divided by Gender
. All (N = 45) Boys (n =26)  Girls (n =19)
Yassbis Mean+SD  Mean+SD  Mean+sp ¢ P Value
Age (years) 101+1.0 10.3+1.0 9.8+1.0 020 0.116
Weight (kg) 56.3 + 10.7 60.1+109 51.0+81* 036 0.004
Height (cm) 146.6 £ 7.6 149.1 + 6.0 143.1+84* 037 0.008
BMI 2 (kg,fmz) 260+32 269 +3.6 248+23* 026  0.030
BMI percentile 9722 +24 97621 96.7 +2.7 039 0.201
VOppeak (ML kg-min) 325454 32861 321+44 006 0650
Divided by BMI status
Overweight Obesity
(n=19) (n=26) d p Value
Mean + SD Mean + SD
Age (years) - 106 £0.7 101+1.0 049 0117
Weight (kg) - 499+69 609 £1077 122 0.000
Height (cm) - 1455+ 7.2 1473 8.0 024 0438
BMI @ (kg/my) . 234+15 279297 194 0000
BMI percentile - 95.4+27 985805 165 0.000
VOppeal, (mLrkgmin) - 340453 314+52 050 0106

2 BMI Body Mass Index; * indicates a statistically significant difference between boys and girls (p <0.05); * indicates
a statistically significant difference between children with overweight and obesity (p < 0.05); Cohen’s d can be small
(0.2-0.5), medium (0.5-0.8), or large (>0.8).

The results showed 19 children with overweight (42.2%) and 26 children with obesity (57.8%)
according to Cole et al. [36].

3.1. Energy Expenditure by Device

The energy spent in kcal/min and the metabolic equivalent (METs) for the whole session for
each AVG and traditional exercise are reported in Table 2. The results showed an average energy
expenditure of 315.1 + 77.5 kilocalories for a one-hour session of this intervention, including AVG and
exercises. Significant differences in energy expenditure were found between BKOOL and the Nintendo
Wii (5.38 £ 1.2 vs. 4.38 + 1.0 kcal/min; p < 0.05; Table 2). All the AVG included required a moderate
intensity of between 3 and 6 METs [41].

Table 2. Energy expenditure for the whole session, each AVG ?, and exercise without AVG 2.

Variable N Kcal/min (n = 45) METs ? Average Heart Rate

Complete session 45 525+13 542+13 13452 + 144
BKOOL 43 538+12 561+12 1457 £12.0

Nintendo Wii 40 438 +1.0* 463+1.2% 133.76 + 109 *

Xbox Kinect 44 464+ 1.0 483+11 13520+ 13.5*

Dance Mats 40 470+ 15 483+13 13659+ 12.2 %
Nintendo Switch (Ring Fit) 23 488+ 20 480+15 137.57 + 14.8

Exercise 44 468+12 481+13 13294+ 122 %

* AVG: active video game; METs: metabolic equivalents; * indicates a statistically significant difference with BKOOL
(p < 0.05).

3.2. Gender Differences

Significant differences in energy expenditure between boys and girls were found for the average
of the sessions and for some AVG (Figure 1). Boys had a higher energy expenditure than girls
when playing Ring Fit Adventures (590 + 2.9 vs. 3.85 + 1.2 kcal/min), Xbox Kinect (5.11 + 0.9
vs. 4.01 £ 0.9 kcal/min), and BKOOL (5.85 + 1.2 vs. 4.79 + 0.9 kcal/min) (all p < 0.05; Figure 1a).
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These differences disappeared when using weight-independent metrics (METs), as shown in Figure 1b.
This suggests that the differences shown in kcal/min were largely due to the difference in weight
between boys and girls. Further analyzing the differences in the kcal/min spent between boys and girls,
these differences in kcal/min disappeared when the VO,,,,,, and fat-free mass mas were introduced as
covariates, except for Xbox Kinect. No significant differences were found between boys and girls in the
average heart rate recorded when playing each AVG.
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\ 4.95
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(b)
Figure 1. Energy expenditure for the whole session, each AVG, and exercise without AVG categorized

by gender. * Indicates a statistically significant difference between boys and girls (p < 0.05). (a) Energy
expenditure measured in kcal/min; (b) Energy expenditure measured in MET.
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3.3. BMI Status

No significant differences in energy expenditure and average of heart rate were observed between
those with overweight and those with obesity, but a tendency was seen towards a higher energy
expenditure in those with obesity in kcal/min (Figure 2a), which changed when the energy expenditure
was expressed in METs (Figure 2b), indicating again an influence of weight on this energy expenditure.

8 -

6 4
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5.44 5.6 513 O Obesi
5 [+ £ 442|436| [4.36] 48 | [435|%%7| | 22 > | |457[476 sity
0

Totalper BKOOL Nintendo  Xbox Dance Mats Nintendo Exercise
Session Wii Kinect Switch
(Ring Fit)

Energy expenditure
(Kcal/min)
IS
[+-]

(@

= 5.81 O Overweight
“Fl5a7] [TT]548] [5.01 5.21
1.8 5.0314 67| [4:94|2.75 [5-04]4.68 454 0O Obesity
0

Total per BKOOL Nintendo  Xbox Dance Nintendo Exercise
Session Wii Kinect Mats Switch
(Ring Fit)

a
L

Energy expenditure (MET)
~ IS

(®)
Figure 2. Energy expenditure for the whole session, each AVG, and exercise without AVG categorized
by BMI status. (a) Energy expenditure measured in kcal/min; (b) Energy expenditure measured in MET.

4. Discussion

The aim of this study was to determine the energy expenditure of AVG sessions combined
with exercise, as well as to analyze the energy expenditure of each device used and to investigate
the differences between girls and boys. The results showed a mean energy expenditure of
315.1 + 77.5 kilocalories in a one-hour session using different AVG combined with exercise. It should
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be noted that the energy expenditure of a complete session includes warming up (8-10 min per
session), cooling down (5-8 min), and exercises (mean of 11min) other than the AVG. Regarding
gender, some differences in energy expenditure were observed between boys and girls, being partially
explained by differences in body weight. In addition, these differences in the energy expenditure
expressed in kcal/min disappeared when VOan,« and fat-free mas were introduced as covariates,
except for Xbox Kinect, in which there may be other factors that can influence energy expenditure,
such as enjoyment and motivation, which were not measured in this study.

The energy expenditure in AVG was lower compared with participation in team sports (between
450 and 600 kcal/h), but it should be taken into account that obese children do not feel often ready,
willing, or motivated to participate in any sport activity with their counterparts.

Children and adolescents spend much of their free time in sedentary activities, such as playing
video games or watching TV (1-1.5 METs) [42]. Through AVG, the participants increased energy
expenditure, but the key is to motivate sports participation at the end of the AVG intervention and,
above all, to develop a healthier and more active lifestyle.

In accordance with the findings obtained in this study, previous studies that used the Nintendo
Wii (Wii Sports or Just Dance), Xbox Kinect (Kinect Sports or Kinect Adventures), and Dance Dance
Revolution reported similar results, with a higher energy expenditure in boys than in girls. Most of the
previous studies that investigated AVG used an indirect calorimetry by using a portable metabolic
analyzer to measure energy expenditure [43-54], but also a SenseWear® armband was used [55-57].
Other studies monitored activity using accelerometers or recorded heart rate and estimated energy
expenditure [58-60]. The estimation of energy expenditure through heart rate data, as was used in this
study, is a valid, reliable, and practical method which is based on the linear relationship between heart
rate and VOyp,y [38,39]; indeed, this is the most reliable non-calorimetric method measuring energy
expenditure at different intensities [40] without the need for a portable metabolic analyzer. One strength
of the method is the individualization through the stress tests performed on the participants, which,
according to Keytel et al. [38], is especially important.

Research using the Nintendo Wii is wide. The present study showed that the Nintendo Wii
was the device that required less kilocalories, with an energy expenditure of 4.38 + 1.0 kcal/min.
These findings are in line with a number of previous studies; Graf etal. [43] showed energy expenditure
values of 2.2-2.86 METs and 3.86-3.9 METs in children when playing Wii Sports (bowling and boxing,
respectively). Significant differences were found between boys and girls in energy expenditure (METs)
for Dance Dance Revolution (level 1) and Nintendo Wii bowling, but not in Dance Dance Revolution
(level 2) and Nintendo Wii boxing. Another study performed by Lau et al. [47] reported that Chinese
children spent 2.05-5.14 kcal/min when playing Nintendo Wii, and no significant differences were
shown between normal weight and overweight or obese children, concluding that AVG could provide
an opportunity to increase physical activity, regardless of BMI status. A comparison of the energy
cost of playing two games of Nintendo Wii between children with healthy weight and overweight
or obesity was performed by O'Donovan [48]. In this study, AVG play resulted in being of light to
moderate intensity, which contributes to an increase in daily energy expenditure, but this does not
seem to be enough. Again, no differences were seen between normal weight and overweight or obese
children, supporting the use of video games specially to treat childhood obesity.

Graves et al. [49] investigated the energy expenditure during three different games of Wii Sports,
and showed that boxing produced the highest exergy expenditure (4.05 kcal/min), followed by tennis
(3.05 kcal/min) and bowling (2.75 kcal/min), reporting less energy expenditure than the present
study. Similar results were found by Lanningham-Foster et al. [44], who showed an increased energy
expenditure of 3.15 keal/min in children by playing Nintendo Wii Boxing, higher than in adults
(2.47 kcal/min), and also reporting a lower energy expenditure than the current study. Another study
investigated the energy spent by young boys playing several AVG of the Nintendo Wii, establishing
Wii Sports boxing (3.05 METs) as the AVG that spent the most energy, followed by Wii Step (2.43 METs),
Wii Sports tennis (2.16 METs), Wii Sports bowling (2.03 METs), and Wii Sports ski (1.65 METs) [50].
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This study classified the Nintendo Wii as a low-intensity activity and compared this intensity with
the intensity of walking at 4.5 km/h. This intensity is lower than the intensity reported in the present
study (4.6 + 1.2 METs). Siegmund et al. [51] reported energy expenditure values of 12.17 mL-kg-min
for Wii Sports boxing (1.93 kcal/min), a much lower energy expenditure than the one reported in the
current study. As shown, the studies discussed above show a lower energy expenditure compared to
the present study. This may be due to an overestimated energy expenditure based on the results of the
peak stress test and the heart rate recorded during game time, as the Nintendo Wii mainly requires
movement of the upper extremities. Thus, playing the Nintendo Wii will be an activity with less muscle
recruitment and therefore less energy expenditure. Another explanation could be that the participants
of the present study were constantly supervised and encouraged during the sessions with AVG.
Quan et al. [58] measured 28 AVG sessions with Wii Fit, Just Dance, and Wii Sports to determinate
how much time the participants spent at different intensities. The results showed that the participants
spent 19.9% in moderate to vigorous physical activity, 32.9% in light physical activity, and 47.2%
was sedentary time; no significant differences by gender were observed for moderate to vigorous
physical activity, light physical activity, and sedentary behavior. In relation to the physical activity
levels, one study compared the children’s physical activity levels in physical education, play time,
and the Nintendo Wii [59]. The results showed that children had the highest amount of moderate to
vigorous and light physical activity, and the lowest sedentary time by playing Nintendo Wii, compared
with physical education and play time. The highest sedentary time part was for physical education.
Therefore, AVG could increase light and moderate to vigorous physical activity among children.
Several other articles investigated the potential of Wii Sports and Dance Dance Revolution to
increase physical activity, concluding that these AVG elicit positive effects on energy balance [43,52].
It is important to note that, in the present study, dance mats were used not only to play Dance
Dance Revolution, but were also used to play Mario and Sonic at the Olympic Games, adapted
from the Nintendo Wii, which increased the energy expenditure. According to Graf et al. [43],
the energy expenditure during Dance Dance Revolution and Wii Sports boxing were comparable to
moderate-intensity walking (at 5.7 km/h), but during Wii Sports bowling it was less intense. The energy
expenditure reported were lower compared with the present study, possibly due again to the method
used to estimate energy expenditure. It is noteworthy that Mario and Sonic at the Olympic Games was
adapted from the Nintendo Wii to the dance mats and was used to play at dance mats, recording the
energy expenditure along with Dance Dance Revolution, which can increase the energy expenditure
of the dance mats. Significant differences were found between girls and boys by Graf et al. [43],
with a 19-33% higher energy expenditure (kcal/h per weight (kg)) for boys when playing DDR level 1,
DDR level 2, and bowling, and similarly the VO, was 20% to 34% higher in boys (p < 0.05) during DDR
level 1, DDRlevel 2, and bowling. With these data, it could be checked if, when including the maximum
oxygen consumption and the fat-free mass as covariates, these differences still exist or disappear, as in
the present study. Similar results were shown by Bailey et al. [52], who displayed an energy cost
of 4.2 METs for Wii Sports boxing and 5.5 METs for Dance Dance Revolution, similar to the results
shown in this study. It should be noted that the mean age was higher in the study by Bailey et al. [52]
compared to the present study (11.5 + 2.0 vs. 10.1 + 1.0 years respectively). Bailey et al. [52] found
no differences by BMI status for energy expenditure, and children with overweight or obesity had
a higher enjoyment. Furthermore, a systematic review that included articles related to energy cost
for Nintendo Wii, Eye Toy, and Dance Dance Revolution reported that the physical activity intensity
of these AVG is light to moderate but that the energy expenditure was significantly lower for AVG
played primarily through upper limb movements compared to those that engaged the lower limbs [61].
Nintendo Wii is primarily played with the upper extremities, which would explain why both the results
of the current study and previous scientific evidence report a lower energy expenditure. Furthermore,
motivation and enjoyment seem to influence the energy expenditure when playing the Nintendo Wii,
as the amount and speed of movement will determine that expenditures. Nonetheless, although the
contribution to the energy expenditure of the Nintendo Wii is less than that of other AVG, it is well
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known that some activity is better than none [48]. The Nintendo Wii could be a good tool to help
increase the daily energy expenditure of overweight or obese children who are reluctant to engage in
physical activity.

Xbox Kinect is another device often used in AVG interventions. The energy expenditure by
Xbox Kinect has been studied, and it seems to elicit a higher intensity than Nintendo Wii, probably
because it requires movement of the whole body. The previous scientific evidence agrees with
the results obtained in this study. Most studies that evaluated energy expenditure playing Xbox
360 Kinect reported significant differences between girls and boys in kilocalories spent, as this study
did. Smallwood et al. [53] showed the energy expenditure of two games of Xbox Kinect (Dance Central
and Kinect Sports boxing) in school children between 11 and 15 years old. The energy expenditure
was 172 kcal/h. Specifically, for Kinect Sport boxing (one of the AVG used in this study), the energy
expenditure was 4.4 METs. Gender differences were found when playing Kinect Sport Boxing for
the VO3 and energy expenditure, with boys showing a significantly higher energy cost than girls
(5.1 keal/min for the boys compared with 3.4 kcal/min for the gitls), and this difference remained
significant (p = 0.004) when the caloric expenditure was normalized for body weight. This supports the
results obtained in the present study. Similar results were found by Clevenger et al. [54], who reported
an energy cost of 4.6 METs from 335 AVG sessions using the Xbox Kinect, and some AVG such as
Kinect Adventures and Wipe Out exceeded 6 METs. Comparisons by groups were performed, showing
that males spent significantly more kilocalories per minute than females, which supports the findings
of this study; overweight or obese participants had a greater energy expenditure that healthy-weight
participants, and teens spent more energy than children, which can be explained by the difference in
weight. Two more studies found significant differences in the energy expenditure between males and
females [45,60]. Vallabhajosula et al. [60] compared the energy expenditure in Xbox Kinect sessions
using “Reflex Ridge” from Kinect Adventures vs. the energy expenditure during regular play time.
The results showed higher kilocalories per min and METs in an Xbox Kinect session (1.85 kcal/min
and 4.21 METs) in comparison with regular play time (1.59 kcal/min and 3.7 METs), and a higher
percentage of very vigorous activity was seen for theXbox Kinect condition. No significant interactions
were observed for BMI or gender, but there was a trend toward significance, where the rate of energy
expenditure achieved was 34% higher in males. The energy cost in two AVG from Xbox Kinect (“River
Rush” and “Reflex Ridge”) was measured by McNarry et al. [45], showing that those AVG elicited
moderate-intensity physical activity (5.5-5.7 METs), and could be used for meeting physical activity
daily recommendations. The results also reported significant differences between males and females in
one of the AVG played. As stated above, the energy expenditure playing AVG is similar to the energy
spent during a brisk walk. Canabrava et al. [55] agree with this comparison as their results showed
the similarity in energy expenditure between walking at 5 km/h and playing Xbox Kinect (Kinect
Adventures, Kinect Sports boxing, and a dance videogame), reporting an energy cost of 185 kilocalories
per hour and showing that AVG can be an interesting alternative to increase physical activity and to
replace traditional sedentary video games. Once again, there were no significant differences in energy
cost between children with a normal weight and children with overweight or obesity.

Some articles have shown differences by player mode in Xbox Kinect, comparing single vs.
multiplayer mode. Barkman et al. [46] reported significant differences in energy expenditure between
the single-player mode, with an energy cost of 15.4 mL-kg-min, and the multiplayer mode, with an
energy cost of 16.8 mL-kg-min. METs for several AVG were also reported, with an energy costof 3.9, 3.8,
3.5, and 3.1 MET5 for the single-player mode and 4.1, 4.3, 3.7, and 3.2 METs for the multi-player mode
of Wipe Out, Kinect Adventures, Kinect Sports, and Just Dance, respectively. In accordance with these
results, Verhoeven et al. [56] studied the same conditions, concluding that children consumed more
energy in multi-player mode, as reported by Barkam et al. [46]. In addition to the mode of play, another
factor that can affect energy expenditure is the narrative of the AVG. According to Sousa et al. [62],
the narratives in AVG were associated with moderate to vigorous physical activity and with higher
average heart rate, without increasing the rate of perceived exertion.
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It might have been interesting to have studied the differences in energy expenditure when
comparing the sample of overweight or obese children with a group of normal-weight children.
Hwuang et al. [63] studied the differences in energy expenditure among children with normal weight
and children with overweight or obesity. The results showed that children in both groups expended
similar energy relative to their weight, and AVG were able to elicit moderate to vigorous intensity
physical activity for all children, potentially contributing to meet the recommended physical activity
levels. However, overweight/obese children spent more time at light intensity, and children with
normal weight engaged more in vigorous-intensity activity than those with overweight/obesity.

Some studies go further, such as the study performed by Gao et al. [59], which proposed to
integrate AVG within school curricula, with positive results as it contributed to children’s daily energy
expenditure and moderate to vigorous and light physical activity as much as physical education did,
and even with a higher intensity.

AVG interventions need to be structured and supervised to produce positive effects on energy
expenditure. No effects were found on physical activity or energy expenditure in home-based and/or
unstructured AVG interventions [34,35]. In the present study, not only was a planned and structured
intervention carried out, but it was combined with traditional physical exercise with the aim of
increasing energy expenditure. This increased the total expenditure of the sessions. In addition,
the intervention combined different AVG to achieve motivation based on novelty and variety and
to adapt to the preferences of the participants. In this way, the AVG intervention performed in this
study goes beyond other AVG interventions. In addition, novel AVG such as BROOL and Ring Fit
Adventures were included in the intervention of the present study, which have hardly been studied.

There is less scientific evidence about AVG interventions using a bicycle simulator or an interactive
stationary bike. The BKOOL could be considered a game-based exercise strategy rather than an active
video game, used primarily with adults. However, it could be a tool to promote active exercise among
children and adolescents because it is an interactive and novel tool. Adamo et al. [64] investigated
the effects of an interactive AVG with a stationary bike on overweight or obese adolescents, showing
an average energy expenditure of 576.2 kcal/h. Another study performed an AVG intervention with
stationary bikes which consisted of cycling to control a virtual tank. The energy expenditure with this
AVG was 7.6 keal/min in young adults [57]. In both articles, the energy spent by AVG on stationary
bikes was higher than the expenditure obtained with BKOOL in this study, but the participants of
those articles were young adults.

Finally, the Ring Fit Adventures is a recently released AVG, which has not yet been studied to the
best of our knowledge. Ring Fit Adventures includes cardiorespiratory fitness and strength exercises,
as well as dynamic and static stretches. During the AVG, there are “fitness battles” where strength
exercises are used as attacks to defeat virtual enemies. These strength exercises are focused on the
legs (such as squats, thigh presses, or knee lifts), arms and chest (such as bow pulls, triceps kickbacks,
chest presses, and overhead presses), and core (such as planks, standing twist, and leg raises from the
seated or lying positions). There are even yoga positions such as the chair, warrior, and tree poses to
train balance and strength. The player has to skip to move through the game, raising their knees further
to climb stairs or pass across the water, which is a demanding cardiorespiratory training. Ring Fit,
together with BKOOL, are the AVG that required the most energy expenditure in kcal/min in this study,
probably because they required full-body movement.

A higher energy expenditure of BKOOL and Ring Fit Adventures and a lower energy expenditure
when playing Nintendo Wii can be explained by the muscles involved. Related to these results,
a meta-analysis performed by Peng et al. [29] reported that AVG that mainly involved upper-limb
movements had significantly smaller effects on energy expenditure than AVG that mainly involved
lower-limb or whole-body movements.

Reviews of AVG show positive effects on energy balance and physical activity, helping to decrease
sedentary behaviors [29-31]. It is still unclear if the intensity achieved during AVG is enough to help
children meet the recommended physical activity levels [32,33], but the results of the present study are
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in line with those shown by previous scientific evidence, that at least moderate intensity is achieved
with AVG. In this study, a wide variety of AVG were measured to find out the energy expenditure of
the same group of children with overweight or obesity playing different devices. The results showed
that the BKOOL was the device that notably required the most energy, and the Nintendo Wii the
one that demanded the least. The energy expenditure when playing AVG was between 4.63 and
5.61 METs. In addition, differences in the kilocalories per minute were reported between boys and girls,
which were mostly due to the weight difference. The main novelty was the fact of applying a combined
intervention of AVG and exercise to achieve a higher energy expenditure. Another difference with
previous research was the inclusion of the Ring Fit from the Nintendo Switch and the BKOOL cycling
simulator into the AVG intervention. At the moment, no article has been published including Ring Fit,
so this article is the first to report energy expenditure data for this new AVG.

Future research may focus on comparing interventions with AVG and other forms of training and
on investigating how to make the most of this promising tool.

5. Conclusions

In view of our results, a structured and supervised AVG intervention combined with
multi-component exercise is an effective strategy to produce moderate-intensity physical activity and
to increase the energy expenditure in children and adolescents with overweight and obesity. Ring Fit
Adventures is a promising tool to increase energy expenditure, exceeding the energy expenditure of
the other AVG except BKOOL. The energy expenditure seems to be higher for boys in comparison
with girls, but these differences might be partially due to disparities in body weight. In conclusion,
AVG are an innovative and interesting tool that can help fight against childhood obesity and its
future consequences.

6. Limitations and Strengths

Some limitations should be addressed. The overall energy expenditure for each device was
measured, and no measurements were reported for each game used in each AVG. Reporting the
kilocalories spent for each game used in each AVG would have been interesting in order to know
which of them was the most energy consuming for each device. The energy expenditure was measured
with the heart rate data through the maximum stress test data, since a portable metabolic analyzer
was not available. In addition, the game mode was not taken into account, and evidence shows that
using single-player or multi-player modes affects the energy expenditure, but most of the sessions
were performed in pairs. Due to the characteristics of the intervention, it was complicated to record
motivation or enjoyment during the AVG, but it would have been interesting to see the relationship
between these two variables and energy expenditure.

On the other hand, this study is notable for the wide variety of AVG investigated. In addition,
Ring Fit Adventures and BKOOL were included in the sessions with AVG, two novel devices that offer
opportunities and possibilities to significantly increase energy expenditure in overweight or obese
children. The BKOOL stands out for its interactivity, and the Ring Fit stands out for its playability
and its focus on physical exercise and fitness. Despite not having portable metabolic analyzers,
the individualized calculation of the energy expenditure through the data of the stress test and the heart
rate measured during the sessions was a reliable and effective method [38,40,65], even in children [65].
Thanks to this method, it was possible to measure the energy expenditure of a large number of sessions
and participants. Finally, the AVG intervention in this study was combined with multi-component
exercise, which allowed us not only to increase the total energy expenditure of the sessions but also to
compare the expenditure in the different AVG with the expenditure during exercise.
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Abstract: (1) Background: Childhood obesity is an important public health problem. Children with
overweight or obesity often tend to show the pediatric inactivity triad components; these involve
exercise deficit disorder, pediatric dynapenia, and physical illiteracy. The aim of the study was to
examine the influence of an active video games (AVG) intervention combined with multicomponent
exercise on muscular fitness, physical activity (PA), and motor skills in children with overweight or
obesity. (2) Methods: A total of 29 (13 girls) children (10.07 + 0.84 years) with overweight or obesity
were randomly allocated in the intervention group (AVG group; 1 = 21) or in the control group (CG;
n = 8). The intervention group performed a 5-month AVG training using the Xbox 360% with the
Kinect, the Nintendo Wii®, dance mats, and the BROOL® interactive cycling simulator, combined
with multicomponent exercise, performing three sessions per week. The control group continued their
daily activities without modification. Weight, PA using accelerometers, and motor competence using
the Test of Gross Motor Development 3™ edition were measured. Muscular fitness was evaluated
through the Counter Movement Jump height, maximal isometric strength of knee extension and
handgrip strength, and lean mass using Dual-energy X-ray Absorptiometry. Mann-Whitney U and
Wilcoxon signed rank tests were performed. The biserial correlation coefficients (r) were calculated.
Spearman’s correlation coefficients among PA, muscular fitness, and motor competence variables
were also calculated. (3) Results: The AVG group significantly increased their knee extension maximal
isometric strength (4.22 kg; p < 0.01), handgrip strength (1.93 kg; p < 0.01), and jump height (1.60 cm;
p < 0.01), while the control group only increased the knee extension maximal isometric strength
(3.15 kg; p < 0.01). The AVG group improved motor competence and light physical activity (p < 0.05)
and decreased sedentary time (p < 0.05). Lean mass improved in both AVG group and CG (p < 0.05).
Lastly, the percentage of improvement of motor skills positively correlated with the percentage
of improvement in vigorous PA (r = 0.673; p = 0.003) and the percentage of improvement in CM]
(r = 0.466; p = 0.039). (4) Conclusions: A 5-month intervention combining AVG with multicomponent
training seems to have positive effects on muscle fitness, motor competence, and PA in children with
overweight or obesity.
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1. Introduction

Obesity has become a major global health challenge because of its increased prevalence,
which has risen significantly over the past three decades[1]. The World Health Organization
(WHO) even refers to obesity as “a global pandemic” [2]. Childhood obesity is considered
an important public health problem worldwide [3]. The prevalence of overweight and
obesity among children and adolescents (aged 5-19) has dramatically risen from 4% in
1975 to just over 18% in 2016 worldwide [4]. The prevalence of obesity in children and
adolescents in Spain between the ages of 8 and 16 (the stage of life in which young people
are most susceptible to excess body fat) reached 34.9% in 2019 [5]. These results are in line
with European results that showed a prevalence of overweight over 30% and a prevalence
of obesity over 10% in European children and adolescents in 2016 [6].

Both overweight and obesity are associated with adverse health consequences such
as cardiovascular, respiratory, and metabolic diseases; negative psycho-social effects; and
are more likely to become overweight or obese adults, resulting in an increased risk of
non-communicable diseases [7].

An important factor of childhood obesity is insufficient physical activity (PA). Ac-
cording to the WHO, children and adolescents should participate in an average of 60 min
per day of moderate-to-vigorous intensity physical activity (MVPA) across the week, and
could expect additional benefits from a greater amount of PA [8]. Nevertheless, a large
proportion of children and adolescents do not meet the public health recommendations
of PA, with over 80% of the world’s adolescent population being insufficiently physically
active in 2016 [9].

Physical inactivity is related to the pediatric inactivity triad, a condition observed
by Faigenbaum et al. [10] that involves exercise deficit disorder, pediatric dynapenia, and
physical illiteracy. The term “exercise deficit disorder” is used to highlight the gravity of
this clinical condition with the aim of raising awareness of the importance of meeting the
public health recommendations of PA. Children with pediatric dynapenia show low levels
of muscle strength and power and, consequently, functional limitations that are not caused
by neurological or muscular diseases [10]. The concept of “physical illiteracy” describes
the lack of competence, confidence, and motivation to move proficiently [10].

The deficit of PA is closely related to other components since children and adolescents
who show lack of muscular fitness and a decreased level of motor skills are less likely to
participate in sport activities or just PA, making it impossible to improve muscular fitness
or motor skills [10]. PA is a powerful tool to improve youth health [11] and is favorably
associated with the management of adiposity, cardio-metabolic biomarkers, health-related
physical fitness (including muscular fitness), bone health [12,13], psychological health,
motor competence, and quality of life [14].

The importance of muscular fitness lies in its inverse association with total and central
adiposity and therefore with cardiovascular diseases and metabolic risk factors, and its pos-
itive association with bone health [15] and self-esteem [16]. Children and adolescents with
overweight and obesity show higher maximal muscular strength than children and adoles-
cents with normal weight because the excess of weight involves a chronic training stimulus
during the activities of daily living [17]. In contrast, when maximal muscular strength is
normalized to body mass or lean mass, those with overweight are weaker, probably as a
result of reduced mobility, neural adaptations, and changes in muscle morphology [18,19].
Therefore, children and adolescents with a higher weight status had negative effects on
the performance of strength tests that involve moving their body weight, showing e.g., a
lower jump height [20]. However, children and adolescents with a higher weight status had
positive effects on performance of strength tests that do not involve lifting the body such as
isometric knee extension strength or handgrip test [20]. Likewise, overweight and obesity
are associated with deficient muscular strength and endurance [21,22]. Similarly, children
with overweight or obesity showed poorer muscle tissue composition, lower muscle power,
and alterations in motor unit recruitment, which led to impaired muscle activation [23]. To
this should be added the current declining trend in muscular fitness and the need to target
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those strength deficits in today’s youth [24]. Given the above, children and adolescents
with overweight or obesity are more likely to fulfil the pediatric dynapenia condition of the
pediatric inactivity triad (PIT) [10].

Lastly, children and adolescents with overweight and obesity are often less skilled than
those with healthy weight [25]. Actual and, especially, perceived motor skills are associated
with motivation, PA, and sports participation in children and adolescents [26,27], so the
improvement of motor skills within this population must be a main goal. In addition to
the positive relationship with PA, motor competence has been positively related positively
to cardiorespiratory fitness [28] and inversely related to sedentary time, overweight, and
obesity [29].

Active video games (AVG) have been proposed as a good alternative for traditional
exercise and have become an emerging trend in fitness [30], being investigated to find out
its effectiveness against childhood obesity and in promoting PA and health in children
and adolescents [31]. AVG are video games that require body movement and therefore an
increase in energy expenditure [31,32]. The strategy is to partner with the digital movement
in the world to seek to increase PA and achieve health benefits through AVG rather than
fighting technology. AVG can be useful tools for improving PA, health-related physical
fitness, and motor skills, however, it seems that using AVG exclusively does not provide
the benefits needed [33-36]. Therefore, AVG must be used as a complementary activity in
the fight against childhood obesity [34,35,37-39]. Evidence supports the use of a structured
AVG intervention instead of home-use, with stronger effects of a multicomponent exercise
intervention combined with AVG [40].

In addition, AVG seem to have positive effects on motor skills and health-related
physical fitness. Some articles have shown improvements in the acquisition and develop-
ment of motor skills and abilities in a funnier way for the children [41]. Improvements
in health-related physical fitness have been shown after an AVG intervention, such as
cardiorespiratory and muscular fitness [42] and body composition [43].

However, to the best of our knowledge, no randomized controlled trials (RCT) have
been performed to confirm the benefits of AVG in muscular fitness, PA, and motor skills
altogether. The effect of an intervention with AVG on the PIT has not yet been investigated,
despite being key in the children of today. In addition, an AVG intervention combined with
multicomponent exercise could be a novel way of increasing the effects of AVG.

Therefore, the main aim of the study was to examine the influence of an AVG inter-
vention combined with multicomponent exercise on muscular fitness, PA, and motor skills
in children with overweight or obesity.

The authors hypothesized that AVG could help to improve the isometric strength of
upper and lower limbs and the height jump in a vertical jump, as well as to increase the
lean mass, motor skills, and PA without resorting to more traditional sports, which do not
seem to be a sufficiently attractive option for overweight or obese children and adolescents.

2. Materials and Methods

This study was performed in accordance with the ethical guidelines for human research
outlined by the Declaration of Helsinki (revision of Fortaleza 2013) [44] and the Declaration
of Taipei [45], and were reviewed and approved by the Research Ethics Committee of the
Government of Aragon (certificate No. 11/2018, CEICA, Zaragoza, Spain). All participants
and their parents or legal custodians were informed of the nature and possible risks of the
experimental procedures before their written informed consent was obtained.

This RCT is part of a larger cross-over study that is registered in clinicaltrials.gov
(identification number NCT04418713). In this RCT, participants were divided into two
groups, an intervention group that participated in an AVG exercise program combined
with multicomponent exercise (1 = 21), and a control group (1 = 8) that continued their
daily activities without modification.

The recruitment process was carried out through pediatricians from the medical
centers. Informative talks about the activity were given in medical centers and it was the
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pediatricians themselves who proposed the activity to overweight or obese patients who
could benefit from the activity. Due to the difficulty of this recruitment process, it was
planned to extend the study for one more year in order to obtain a bigger sample. Therefore,
a 2:1 randomization was carried out in the first year, prioritizing the AVG intervention.
The Statistical Package for the Social Sciences (SPSS) version 23.0 (SPSS Inc., Chicago, IL,
USA) was used to generate the random allocation sequence, and it was performed by
the researcher who carried out the project. In a second moment, randomization was 2:1,
favoring the control group. Unfortunately, it was interrupted by the COVID-19 pandemic
and groups were, in the end, uneven. The second part of the study with a new recruitment
process was interrupted by the pandemic caused by COVID-19.

2.1. Participants

A total of 29 children with overweight or obesity met the inclusion criteria and partici-
pated in the RCT. There were a total of 16 boys and 13 gitls. The inclusion criteria were as
follows: the participants had to be between the ages of 9 and 12 years, in Tanner stage |
or II, and not having had menarche, with overweight or obesity established following the
cut points of Cole et al. [46]. Tanners stage was evaluated by a medical doctor by direct
observation. Volunteers suffering from pathologies that worsen with physical exercise or
having any other contraindications for its practice were excluded from the present study.
In addition, the exclusion criteria were the following: participating in regular high-level
or high-intensity extracurricular PA, following any special dietary regime, and taking any
medication that may interfere with the evaluated variables.

The participants were recruited from medical centers through their pediatricians of
Zaragoza (Spain). The involvement of pediatricians in recruitment is especially important
because overweight and obesity are health conditions to be treated, so they refer those
children to us. Parents and pediatricians were informed about the development of the
activity, the results, and the progress of the children.

2.2. Qutcomes
2.2.1. Anthropometry

All participants were measured with a stadiometer without shoes and minimum
clothing to the nearest 0.1 cm (SECA 225, SECA, Hamburg, Germany) and weighed to the
nearest 0.1 kg (SECA 861, SECA, Hamburg, Germany). The body mass index (BMI) was
calculated as weight (in kg) divided by height (in m) squared.

2.2.2. Physical Activity

PA and sedentary behaviors were objectively assessed before and after the inter-
vention using the calidated GENEActiv accelerometers (Activinsights Ltd., Kimbolton,
Cambridgeshire, UK) [47]. All participants wore the accelerometer on their left wrist for
7 consecutive days [48]. Devices were set to record at a frequency of 30 Hz.

The instruction was to wear the devices during the whole day for 7 days, including
during sleep and water-based activities. Verbal instructions were given to the parents along
with a timesheet to register in case the device was removed.

The accelerometer data were downloaded using GENEActiv software 3.2 version and
aggregated into 15-s epochs for its posterior analysis using R software. Non-wear periods
were detected following the method proposed by van Hees et al. [49] and eliminated from
the registers. After that, participants with less than 4 valid days (>10 h of wear time per
day) were excluded from the accelerometry analysis. Time during sedentary behaviors and
at different PA intensities (light (LPA), moderate (MPA) or vigorous (VPA)) was determined
according to the cut-off points proposed by Schaefer et al. [50], namely 0.190 g, 0.314 g, and
0.998 g for light, moderate, and vigorous intensities, respectively. The sleep time was not
included in sedentary time. The total PA was calculated as the sum of minutes in light,
moderate, and vigorous intensities.

- 169 -



Int. |. Environ. Res. Public Health 2022, 19, 2642 50f18

2.2.3. Pediatric Dynapenia

Pediatric dynapenia was evaluated through three tests: Counter Movement Jump
(CM]J) height, maximal isometric strength of knee extension test, and handgrip strength
test. Both weight-related and non-weight-related tests were used to assess the muscular
strength in upper and lower limbs. In addition, lean mass was assessed as part of pediatric

dynapenia.

Counter Movement Jump Height

CM] was evaluated using a Kistler force plate 9260A A (Kistler Holding AG, Winterthur,
Switzerland). Children were in a standing position with both hands on their hips to isolate
the lower-limb action. For the performance of the countermovement, children were asked
to go down fast and not to stop after going down. Three attempts were permitted, and
the best performance was recorded for further analysis. Normalized scores were obtained
based on the results of the study performed by Focke et al. [51]. The jump height was

2
calculated from the flight time using the following equation: h; = % [52].

Maximal Isometric Strength

Maximal isometric strength of knee extension was measured by a signal-frame gauge
(Universidad de Zaragoza, Zaragoza, Spain). Children started from a sitting position with
their knees flexed 90°. An anchorage was placed on the anterior distal third of the tibia.
This anchorage was connected to the strain gauge, registering force data during the time
that the participant had to perform the maximum knee extension until the force curve
began to decrease. Three attempts were permitted for each leg, with the best performance
recorded from each leg. The mean of the best attempt for each leg was obtained to quantify
isometric knee extension strength. Normalized scores were obtained based on the reference
values of the study performed by Beenakker et al. [53].

Handgrip Strength

Handgrip strength test was measured using a handgrip dynamometer (TKK 5001,
grip A; Takei) (range, 0-100 kg; accuracy, 0.1 kg). Children were in a standing position
maintaining the arm of the tested side straight down with the shoulder slightly abducted
(~10° not touching the rest of the body), the elbow in 0° of flexion, the forearm in neutral
position, and the wrist in 0° of flexion. The best value of three attempts with each hand was
used. Handgrip strength percentiles by age and sex were calculated based on normative
values of children and adolescents aged 9-17 years representing 24 countries proposed by
Tomkinson et al. [54].

Lean Mass

Dual energy X-ray absorptiometry scans were performed with the pediatric version of
the QDR-Explorer software (Hologic Corp., Software version 12.6.1, Bedford, MA, USA)
for the whole body (and its sub-regions). Subtotal (total body less head), legs (calculated
as a mean of both legs), and arms (calculated as a mean of both arms) lean mass were
obtained from whole body scans. All DXA analyses were performed by the same trained
researcher. The coefficient of variation of DXA in the laboratory for lean mass was 1.9% [55].
Furthermore, lean mass index normalized to height was calculated and normalized scores
were obtained based on the reference values of the study performed by Weber et al. [56].

2.2.4. Motor Skills

Motor skills were assessed in the AVG group, using the Test for Gross Motor Development—
3rd Edition (TGMD-3), which assesses 13 fundamental motor skills, subdivided into loco-
motor and object control domains [57]. TGMD-3 was tested and coded according to the
standardized administration and grading. A detailed explanation of administration and
coding can be found in the web page of TGMD-3 [58], with general information, a brief
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administration guideline, some helpful videos, and four reliability videos. Researchers who
evaluated the motor skills with this tool completed the four reliability videos evaluation
to check the consistency of administration and coding and the intra- and inter-observer
variability. The score of tests, result coding, and percentiles were obtained based on the
examiner’s manual [59].

2.3. Intervention

The AVG group was engaged in a 5-month intervention with three sessions per
week and 60 min per session that included a combination of AVG and multicomponent
training. The sessions were composed of 10 min of warm-up, including: joint mobility,
dynamic flexibility, muscle activation, core, balance, and coordination exercises. This was
followed by the main part, which consisted of 45 min of exercise with a combination
of AVG and multicomponent exercises, following a dynamic circuit workout where the
participants were continuously rotating from AVG to exercises, and finally a 5 min cool-
down performing static flexibility routines. The multicomponent exercise was focused
on health-related physical fitness including cardiorespiratory fitness, muscular strength,
agility, and coordination.

The AVG and the multi-component training exercises were carried out according to
the plan. Two out of the three weekly sessions performed by the participants aimed at
improving cardiorespiratory fitness and one at improving muscular fitness. One of the
sessions focused on cardiorespiratory fitness included a muscle strength part. The exercises
were multi-articular and functional, combining upper and lower body exercises, and aimed
to complement the main part using the AVG. Balance, coordination, and agility work was
included in the last part of the warm-up to be done without fatigue.

A progression in difficulty of performance and intensity was followed both in the AVG
part and in the multi-component training. Each AVG started at the simplest and lowest
intensity and ended with the most complex and highest intensity. As for the exercises
in multicomponent training, initially low-difficulty and lower-intensity exercises were
performed with the aim of inducing learning and self-awareness, and evolving as this
learning took place. Thus, an intensity close to 3 MET was planned for the first month, in
the following 3 months the intensity was intended to be between 3 and 6 MET, and in the
last month it was intended to exceed 6 MET. Taking all sessions into account, the average
intensity was 5.4 £ 1.1 MET.

In general, the sessions consisted of four AVG with a total average duration of 24 min,
and the multicomponent exercise was performed between the AVG. The multicomponent
exercise lasted 13 min on average per session, divided into two or three activities with
different aims depending on the planning.

In the main part, the AVG included were the following: The Xbox 360% with the
Kinect using “Kinect Adventures” and “Kinect Sport”; the Nintendo wii® using “Wii
Sports”, “Just Dance”, and “Mario and Sonic at the Olympic Games”; dance mats using
“Dance Dance Revolution” and “Mario and Sonic at the Olympic Games” adapted from the
Nintendo Wii to the dance mats; and the BROOL® interactive cycling simulator connected
to a tablet HUAWEI MediaPad T5 AGS2-W09.

The intervention was carried out in two locations, the University of Zaragoza and the
“San Braulio” public school in Zaragoza. The sessions were different every day, following a
progression of difficulty and intensity and fulfilling the objectives previously established in
the planning.

2.4. Statistical Analyses

The Statistical Package for the Social Sciences (SPSS) version 23.0 (SPSS Inc., Chicago,
IL, USA) was used to perform all the statistical analyses. Statistical significance was set at
p <0.05in all tests. Data are presented as mean & standard deviation (SD). Kolmogorov—
Smirnov tests were performed to verify the normal distribution of the variables. As several
variables did not show a normal distribution, non-parametric tests were performed.
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Differences between AVG and control groups for descriptive characteristics, muscular
fitness, physical activity, and motor skills at the pre- and post-intervention were analyses
using Mann-Whitney U tests. Wilcoxon signed-rank test was used for within-group
comparisons among the pre-intervention and post-intervention measures. Effect size r was
calculated for Mann-Whitney U and Wilcoxon signed-rank tests using the formula of Fritz,
Morris and Richler [60] for non-parametric contrast/comparisons. The effect size for r can
be small (0.1-0.3), medium (0.3-0.5), or large (>0.5) [61]. Spearman’s correlation coefficients
among the improvement and the percentage of improvement for PA, muscular fitness, and
motor competence variables were calculated.

3. Results

Descriptive characteristics of participants by group are summarized in Table 1. No
differences between groups at baseline or post-intervention were found (r ranged from

0.082 to 0.335; p > 0.05).

Table 1. Subject characteristics of AVG group and control group.

AVG Group Control Group
All (n =29)
Variable Time (i =21) 1 =8)
Mean + SD Mean + SD Effect Size r p Value Mean + SD Effect Size r p Value
1 101 + 0.8 102 + 08 9.7 +08
Age (years) 0.88 0001 @ ——— 0.89 0.012
2 107 £08% 108+ 08* 105£0.8*
. 1 534+ 89 55.3 + 8.8 482+ 72
Weight (kg) 0.74 0001 @ — 0.84 0.017
2 563+£98*%  5774+95% 525+ 10.3¢
) 1 1447 + 7.5 146.0 + 6.7 1411 + 88
Height (cm) 0.88 <0001 @ ————— 0.89 0.012
2 1489 £ 74% 1496 £7.1% 147.0 £ 8.3
1 254427 259 4+ 2.9 241+ 17
BMI (kg/m?) 0.15 0498 ——— <0.00 0.990
2 253+ 30 257 + 3.0 241+28
1 1.96 + 0.33 1.99 + 0.36 1.89 +0.18
BMI Z-Score 0.71 0001 @ —— 0.54 0.123
2 184 £038%  1.89+041 1.72 £0.28
1 968+ 2.1 96.9 + 2.35 96.6 + 1.4
BMI percentile 042 0058 @ — 059 0.093
2 95.7 £4.0* 95.9 + 4.5 951+ 25

AVG: active video games, BML: body mass index, SD: standard deviation. 1: pre-intervention; 2: post-intervention.
Effect size r can be small (>0.1), medium (>0.3), or large (>0.5). * Significant differences within groups between
pre-intervention and post-intervention (p < 0.05). Data presented as mean + standard deviation.

Muscular fitness in the AVG group and the control group is shown in Table 2. Both
the AVG group and the control group significantly increased subtotal lean mass, index,
and Z-Score of indexes of subtotal lean mass and lean mass of arms and legs (p < 0.01;
Table 2). The AVG group significantly increased the knee extension maximal isometric
strength (p < 0.01; Figure 1A), hand-grip test (p < 0.01; Figure 1B), and CM] together with
z-score of CM] test (p <0.01 and p < 0.05 respectively; Figure 1C). Handgrip significantly
improved in the AVG group but not in the control group when it was corrected by body
weight. The control group increased maximal knee extension isometric strength (p < 0.01;
Figure 1A). It is worthy to highlight that a significant increase in maximal knee extension
isometric strength was found in the AVG group, whereas no changes were found in the
control group when the isometric strength of quadriceps was corrected by body weight.
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Table 2. Muscular fitness by group.
AVG Group  Control Group AVG Group Control Group
. (n=21) (n=8)
Variable Time p r
Chan E i Cha E i
Mean - SD Mean < SD ge ffect Size r Value nge ffect Size r Value
. N 1 248+ 66 240+67
Knee extenzlon maximel 424577 066 08 3237 074 0.036
isometric strength (kg) 2 29.0 + 88 272+ 47
K“?éo e*‘:;ﬁi‘;“u:n'ﬂ’:l":“ﬂl 1 046 4 0.13 050 +£0.12
ometric STengt 005+0.10" 047 0.030 0.03+0.11 0.15 0.674
relative to body weight 2 051 £ 015 053 + 0.08
(kg/body weight in kg) ) )
Knee extension maximal 1 0.24 + 1.36 0.46 + 1.07
isometric strength 052 +138 039 0.073 0.14 £ 0.98 030 0401
7 Seore 2 0.76 + 2.04 059 + 1.17
Knee extension maximal 1 0.24 + 1.36 0.46 + 1.07
isometric strength 052138 039 0.073 0.14 =098 030 0401
7 Score 2 0.76 + 2.04 059 + 1.17
1 163+ 26 155 + 36
Hand-grip strength (kg) 1.93 + 1.93* 082 <0001 057 =140 035 0327
2 182+ 34 16.0 £ 4.1
Hand-grip strength 1 030 +0.05 032 +0.06
relative to body weight 002 +003* 065 0003 —0.02+003 045 0.208
(kg/body weight inkg) 2 032 £ 053 031+ 0.05
: ; 1 455 £ 240 4384192
Percentile of hand-grip 332188 013 054  -50+169 023 0.516
strength 2 488+ 247 88+ 236
1 149 + 36 16.1 + 46
164+ 1.5% 073 0.001 02 £25 0.10 0.779
M) (em) 2 165+ 36 163 + 4.1
L L= 080 0002 o400 049 0.025 001 +058 005 0.889
CM] Z-Score 2 T0WE077 097407 ’ ’ ’ T ’ :
1 307 + 46 274+ 50
Total lean mass (kg) 20+15" 083 <0.001 23+22" 0.84 0.017
2 327 £ 50 207 £ 63
Index of subtotal lean  ___* 985+ 199 LY - SR T T 088 Q01 361215 089 0012
mass 2 13.66 £ 140 1276417
; 1 115 + 047 105+ 0.34
Z-Score of index of 072 £ 065" 075 0001 —1.11+082* 084 0.017
subtotal lean mass 2 0.44 +0.76 —0.06 £ 0.8
1 55+ 1.0 49+ 1.0
Legs lean mass (kg) 04+03* 085 <0.001 06+06* 079 0.025
2 59+ 1.0 54+14
1 14+02 12+02
Arms lean mass (kg) 01+£01% 079 <0.001 01+02% 0.79 0.025
2 15+03 14+ 03

AVG: active video games; CM]: counter movement jump; SD: standard deviation, 1: pre-intervention; 2: post-
intervention. Effect size r can be small (>0.1), medium (>0.3), or large (>0.5). * Significant differences within
groups between pre-intervention and post-intervention (p < 0.05).

PA in both AVG and control group is shown in Table 3. Regarding physical inactivity,
in the AVG group 93.8% of the participants did not meet the public health recommendations
of PA before the intervention, lowering to 75.0% afterwards. In the control group, all the
participants were insufficiently active, reducing to 85.7% after the intervention. It should be
noted that some data losses occurred due to a failure in one accelerometer register, which
prevented the data recorded by the accelerometer from being obtained. It should be noted
that some PA data could not be used due to malfunctioning of the device, so data were
obtained from 16 children in the AVG group and 7 children in the control group, and only
those were analyzed overall. A significant reduction of sedentary time was observed in the
AVG group (p = 0.034), whereas no significant changes were observed in the control group.
LPA significantly increased in the AVG group (p = 0.02), whereas no significant changes
in MPA and VPA were shown in either the AVG group or the control group. An increase
in total daily PA was shown in the AVG group while no effects were shown in the control
group (Figure 1D). No group by time interactions were found in PA and muscular fitness
variables (p > 0.05; Tables 2 and 3).
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Table 3. Physical activity by group.

AVG Group Control Group AVG Group Control Group
Variable Time (n=16) =7
Ch, i Val Ch, i Val
Mean £ SD Mean - SD ange Effects Size r p Value ange Effects Sizer p Value
ST 1 8419+ 527 8260 +£512
in/day 1959 + 311.2* 053 0.034 —123+£2682 026 0499
(min/ day) 2 8139 + 536 8242 £ 493
LPA ! ekt ekt 89.9 +121.4* 058 0.020 128 +1549 006 0.866
(min/day) 2 8414192 76.1£19.0 ’ ’ ’ ) ) ’ ’
MPA ! Ho=29 B0 L168 513 4 1422 044 0.079 36.6 £ 119.2 038 0310
(min/day) 2 518 +267 031166 ’ " ’ ' ’ ’
VPA 1 3.9+50 1L5+1.1
: ; 96+ 206 045 0.069 —03+62 010 0799
(min/day) 2 5359 15412
MVPA 484 +£274 36.6 +17.8
: . 60.9 + 161.2 047 0.063 363 £1243 032 0398
(min/day) 2 57.1+323 1183 £177
PA 1 119.7 + 439 1227 =405
(rmin day) 150.8 £ 258.5* 053 0.034 235+ 2756 026 0499
Y 2 1412 + 464 1093 335

AVG: active video games; LPA: light physical activity; MPA: moderate physical activity; MVPA: moderate-to-
vigorous physical activity, PA: physical activity; SD: standard deviation, SI: sedentary time; VPA: vigorous
physical activity. 1: pre-intervention; 2: post-intervention. Effect size r can be small (>0.1), medium (>0.3), or large
(>0.5). *Significant differences within groups between pre-intervention and post-intervention (p < 0.05).

As can be seen in Table 4, the AVG group improved motor skills in both the locomotive
skills and the object skills (all p < 0.001; Figure 2). According to the scores obtained in
TGMD-3, the AVG group was in the 5th percentile before the intervention, and had an
improvement after it, up to the 22nd percentile.

Table 4. Motor skills in AVG group before and after the intervention.

Pre-Intervention  Post-Intervention

Variable (@ =21) (n=21) Effects Size r p Value
Mean + SD Mean + SD
Total motol: skills 647 +97 7834+ 81% 0.88 <0.001
score (points)

Locomotor skills 303+ 65 3874+ 50% 0.88 <0.001
(peints)

Object n:u.wtrol skills 346+ 56 3964+ 4.3 * 081 <0.001
(peints)

AVG: active video games; SD: standard deviation. Effect size r can be small (>0.1), medium (>0.3), or large (>0.5).
* Significant differences within groups between pre-intervention and post-intervention (p < 0.05).

All participants assigned to the intervention group attended a minimum of 80% of the
sessions, indicating high adherence to the program and at the end of the program, 100% of
the participants were willing to continue with the program.

Lastly, correlations were observed between the percentage of improvement of mo-
tor skills and the percentage of increment in CMJ (r = 0.466; p = 0.039) and between
the percentage of improvement of motor skills and the percentage of increment in VPA
(r =0.663; p = 0.004). Also, some relations between improvement of muscle fitness and the
improvement of PA were found. Specifically, the results showed that the percentage of
improvement of Z-Score of lean mass index was correlated with the percentage of improve-
ment of VPA (r = 0.434; p = 0.039). The improvement and the percentage of improvement
of handgrip strength test was positively correlated with the increase of arm lean mass
(r =0.492; p = 0.007; and r = 0.459; p = 0.012) and with the increase of total lean (r = 0.463;
p = 0.012), subtotal lean (r = 0.421; p = 0.023), and Z-Score of index of lean mass (r = 0.463;
p=0.012).
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Figure 1. Individual changes for muscular fitness and physical activity variables in AVG and control
groups. AVG: active video games; CMJ: counter movement jump. The thickest line represents the
mean. * Significant changes between pre-intervention and post-intervention in AVG group were set
at p < 0.05. (A) Maximal isometric strength of knee extension interactions in the AVG group and the
control group. (B) Handgrip strength interactions in the AVG group and the control group. (C) CM]
height interactions in the AVG group and the control group. (D) Physical activity per day interactions
in the AVG group and the control group.
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Figure 2. Individual changes for the score of motor competence of the AVG group. TGMD-3: Test of
gross motor development 3rd edition. The thickest line represents the mean. The unit of measurement
is points. * Significant interactions were set at p < 0.05.
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4. Discussion

The main finding of this study is that this AVG intervention has the potential for
improving muscular fitness in overweight and obese children, and can have some impact
on motor skills related variables. Results showed that whereas both groups increased lean
mass as they are growing populations, only AVG group experienced a significant increase
in CM]J test and handgrip strength tests. In addition, both groups increased isometric
knee extension strength, possibly due to the development of lean mass as a consequence of
maturational development. However, significant improvements in isometric knee extension
strength were only found in the AVG group when the results were corrected by body
weight, which means that the gain of the isometric knee extension strength was not entirely
due to the increase in body weight, unlike the control group whose significant increases
disappeared when dividing by body weight. Therefore, as the authors hypothesized, AVG
seem to be an effective tool to improve the muscular fitness and to increase PA and motor
skills in children with overweight or obesity, according to the results of this article. The
high attendance of the participants assigned to the AVG group and the willingness and
desire to continue with the exercise program through active video games showed a high
motivation to participate.

Up to now, only three non-controlled trials [62-64] have investigated the effects of
an AVG intervention on muscular fitness of children and adolescents with overweight
and obesity. Calcaterra et al. [62] showed an increase in muscular strength of 22 obese
children, improving from 29.6 & 9.3 to 32.3 = 9.8 kg (p = 0.003) in handgrip test. Duman
etal. [63] investigated the effects of an AVG intervention combined with traditional exercise
on several physical performance tests that require muscle strength and endurance, such as
time to ascend and descend 20 stairs, number of squats they can perform in 120 s, time to
run 50 m, and number of rope jumps in 30 s. The results showed enhancements in all test
performances. Lastly, Huang et al. [64] investigated the effect of AVG on muscular strength.
No changes in muscular strength of the quadriceps or muscular endurance were found.
Low frequency and program duration may explain the lack of significant changes.

Participants in this study showed a high maximal muscular strength of knee extension
(Z-Score) and a high performance in the hand-grip test (percentile), probably due to the
chronic stimulus produced by their weight excess, while they showed lower values of
jump height in both the initial and the final measurements, with results according to the
reference values [51]. Therefore children with overweight or obesity are more likely to fulfil
the pediatric dynapenia condition of the pediatric inactivity triad [10], so it seems necessary
to bet for strength training also in the interventions with overweight and obese children.
AVG could be an interesting and promising strategy to improve muscular fitness and fight
against the pediatric dynapenia of overweight and obese children.

Both the AVG and control groups significantly increased subtotal lean mass and
lean mass of arms and legs. Since there are no significant differences between the AVG
group and the control group, it seems that these increases can be the result of growth
and development rather than the intervention. Furthermore, in both groups, the index of
subtotal lean mass increased, with a higher increase in the AVG group, and the Z-Score of
the index of subtotal lean mass decreased, with a higher decrease in the control group, even
showing a negative Z-Score value. The AVG intervention does not appear to influence this
variable. Despite this, there seems to be a positive trend in the lean mass index and lean
mass index Z-Score variables favoring the AVG group. However, issues such as the lack
of dietary control or the progression of intensity during the intervention that resulted in
not reaching as high intensities as necessary makes it difficult to detect significant changes.
Another explanation for the lack of differences in lean mass after AVG intervention may
be that there is insufficient muscle stimulation. On the other hand, other interesting AVG
devices such as the Nintendo Switch Ring Fit Adventures, which incorporates a muscle
resistance implement, might provide higher muscle stimulation. It would be interesting
to study the effect of the Ring Fit Adventures, especially considering the restrictions on
physical exercise due to COVID-19, with home exercise predominating.

- 176 -



Int. |. Environ. Res. Public Health 2022, 19, 2642 12 0f18

To the best of our knowledge, there are four controlled trials that informed about or
reported the effects of AVG on lean mass [65-68]. Maddison et al. [65] did not find changes
between groups for lean mass. Similar results were reported by Adamo et al. [66], with no
differences between groups. Staiano et al. [67,68] informed about no effects on lean mass
after an AVG intervention. Evidence on the effect of AVG on lean mass is limited and no
effects were shown. All the articles investigating the effects of AVG on lean mass [65-68]
lasted less than 6 months. This could explain why no positive effects compared to control
groups were observed. Thus, interventions lasting 6 months or more may be needed to
observe clear benefits compared to a control group, also taking into account growth and
muscle development in the pre-pubertal stages. In addition, the previously mentioned
articles were mainly focused on the decrease of body fat and not so much on the increase
of lean mass. However, in the present study, multicomponent training focused on the
improvement of muscular strength, which was included as one of the objectives.

Total PA and LPA significantly increased in the AVG group (p < 0.01). No significant
changes in MPA and VPA were shown in either the AVG group or the control group.
However, the AVG group showed an increasing trend in MPA and VPA. The importance
of this significant increase in LPA lies in the opportunity to replace sedentary time with
LPA [69], and in this way, to fight against the opposite trend of replacing LPA with more
sedentary time that occurs in pre-adolescence and adolescence [70]. In addition, LPA has
a strong influence on cardio-metabolic health [69]. In addition, the AVG group showed
significant reductions in sedentary time which, together with the LPA results, implies a
very positive effect of the AVG intervention.

A very up-to-date systematic review performed by Gao et al. [36] concluded that
AVG appears to be a promising and attractive strategy to promote PA in children with
overweight or obesity. Other meta-analyses reported that AVG could be a good alternative
for sedentary behavior and could be complementary to traditional exercise [34,71]. Mack
et al. [35] agree with the use of the AVG as a complementary tool to increase PA, claiming
that the exclusive use of AVG does not achieve satisfactory results. AVG could promote
light-to-moderate intensity PA and replace sedentary screen-time [72], but the long-term
benefits in PA are limited [73]. AVG could even be an exercising strategy to help meet PA
recommendations [74]. In short, AVG could help achieve a more active and healthy lifestyle
among children with overweight and obesity [33], provided that the AVG interventions
were supervised and structured [40]. On the other hand, several systematic reviews do
not support the effectiveness of AVG to increase PA levels sufficiently [38,39,75]. This
ineffectiveness may be due to the wrong approach to AVG interventions in the studies
included in these reviews, carried out without supervision, with an insufficient length or
with insufficient participants. On the other hand, several systematic reviews [34,35,37,71]
stress that AVG can be a complementary tool to increase PA and health, so multicomponent
training has been included in the intervention of this study in a novel way.

A noteworthy improvement in the motor competence of the AVG group was observed.
The lack of data on the motor competence of the control group due to time, material,
and available evaluator is a major limitation, which made a comparison with a control
group impossible. Nevertheless, the improvement in the motor competence of the AVG
group is quite considerable, so it hardly seems to be explained by children’s growth and
development alone. In accordance with the results of the present study, Van Biljon et al. [76]
showed improvements in the AVG group in motor ability compared to two control groups,
a control group with access to traditional sedentary video games and another control
group that did not receive any intervention. Motor competence was evaluated in 30
overweight and obese children using the short form of the Bruininks-Oseretsky test for
motor proficiency, and the AVG group performed a 6-week AVG intervention of 3 days
per week for 30 min per session using Wii. The AVG group showed improvements in
motor competence compared with both control groups; specifically, in agility and speed,
coordination, and reaction time. Another recent article [77] also evaluated the improvement
of motor skills in primary school students with overweight or obesity, with the same
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limitation as the present study since the results could not be compared with a control
group. To evaluate the motor competence, three movements (catch, vertical jump, and
kick) were analyzed and a significant improvement in the score of vertical jump movement
was observed, in addition to the improvement in jumping height. A systematic review
concluded that AVG, used as a complementary tool and not as the only tool, can be a
good strategy to improve motor competence in children [41]. This conclusion supports the
intervention performed in the present study, which combines AVG with multicomponent
exercise and justifies the improvements found.

Actual and perceived motor competence are positively associated with motivation for
exercising, PA, and sports participation in children and adolescents, and inversely associ-
ated with sedentary time, overweight, and obesity [26,27], which is especially important in
children with a high weight status [29]. According to the interrelationship of the compo-
nents of the pediatric inactivity triad [10] (exercise deficit disorder, pediatric dynapenia,
and physical illiteracy), an increase of motor competence could lead to an increase of PA,
which in turn could lead to an improvement in muscle fitness and motor competence. This
interrelationship can also happen in a reverse way, so that a worsening of the motor skill
can lead to a deficit of PA that produces a worsening of the muscular fitness and of the
motor skill. This process is the same in children who do not develop their motor skills in a
normal way and show a worse motor competence, which usually happens in children who
are overweight or obese [25]. In addition, this physical illiteracy that usually appears in
children with a high weight status increases over time, with all the difficulties that it entails
in terms of adherence to exercise and improvement of the health-related physical fitness,
including muscular fitness.

The pediatric inactivity triad is a novel conceptual approach that reflects a public
health crisis in today’s children and adolescents. Despite the forcefulness of this concept,
which expresses the tendency of children to be weaker, less agile, slower, less active, and
more overweight, there are currently no articles focused on proposing solutions or strategies
to this reality. Furthermore, although this concept is defined, no cut-off points or normative
data have been identified to determine whether the pediatric inactivity triad, namely
pediatric dynapenia and physical illiteracy, is met. A great contribution to future research
would be the possibility of detecting this pediatric triad of inactivity in the pediatrician’s
office through simple tests that could be carried out in the office itself.

Lastly, the present study found correlations between the percentage of improvement
of motor skills and the percentage of improvement in VPA. This relationship suggests that
children with better motor skills can reach higher intensities. The pediatric inactivity triad
supports this interrelationship between these two variables that together with muscular
fitness make it up. The key to this condition lies in the influence of its components,
explaining that a deficit of PA will lead to a worsening of motor skills in children and
to muscular weakness, which in turn will lead to a lower motivation to perform PA and
a decrease in it. The correlation between motor competence and VPA is supported by
Barnett et al. [78], showing a positive association between PA and motor competence and
coordination, but also showing an inverse relationship between sedentary time and motor
competence. There are more articles supporting this association between motor competence
and PA [79,80], stating that motor competence may be a key determinant of PA behaviors
across time and primary school years are the optimal time to develop motor competence [80].
A positive association between motor competence and muscular fitness was expected since
the development of motor competence in childhood may improve health-related physical
fitness, according to Cattuzzo et al. [81]. Stricker et al. [82] highlighted the importance
of strength in children and adolescents and its relationship to motor competence. A
very current study shows potential positive effects for the integrated combination of
fundamental movement skill and strength training when delivered in a primary school
setting with the aim of improving motor competence [83]. On the other hand, as expected,
a correlation was found between the percentage of improvement of motor skills and the
percentage of improvement in CMJ. This can be explained by the motor skill component
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found in a countermovement jump, even without using the arms [84]. This result indicates
that caution should be exercised when using the CM] as a test for measuring lower body
strength, given that it has a significant motor skill component that challenges leg strength.
This is even more noticeable in children who are overweight or obese as they have to move
their own body weight [20]. However, no association between motor competence and
isometric strength was found in the results of the current study. It could be due to their
higher absolute strength in the maximal isometric strength of lower and upper limbs.

There was another correlation between the percentage of improvement of Z-Score
of lean mass index and the percentage of improvement of VPA, thus corroborating the
importance of VPA for muscular development.

Finally, and as expected, the results showed that the improvement and the percentage
of improvement of handgrip strength test was positively correlated with the increase of
arm lean mass and with the increase of total lean, subtotal lean, and Z-Score of index
of lean mass. This relationship between strength test performance and lean mass was
expected as the tests measured upper body isometric strength, excluding the motor skill
factor. However, in the lower body isometric strength tests, no relationship with lean
mass was found, which may be due to the low number of participants. A systematic
review supported that PA was favorably associated with muscular fitness, as well as
cardio-metabolic biomarkers, cardiorespiratory fitness, motor competence, bone health,
and quality of life [14].

AVG seem to have some positive effects on the components of the pediatric triad
of inactivity. However, our main objective of using AVG was to catch the attention of
children who are reluctant to engage in traditional PA, so that they do so voluntarily. These
AVG seek to make this PA fun and enjoyable, through a virtual environment that is more
comfortable for children with this profile (i.e., obesity, low motor skills). The aim was to
change the relationships of these children with PA to move from rejection to habit, and
in this way achieve a more active lifestyle. This goes beyond the aims of the study, but
the improvement of the components of the pediatric inactivity triad through the AVG will
make these overweight or obese children feel stronger, more agile, and more skilled, so
they will have more desire to move and more interest in practicing other sports.

Future research may focus on the effects of interventions with AVG combined with
multicomponent training on the component of the pediatric inactivity triad due to the
inverse relationship between pediatric inactivity triad and obesity, and the positive relation-
ship between pediatric inactivity triad and health and quality of life. Despite the strength
of this concept, as mentioned above, there is currently a limited amount of articles focused
on proposing solutions or strategies to this reality.

5. Limitations and Strengths

Some limitations must be considered in this study. The number of participants was
low, especially in the control group. This could make it more difficult to find effects
of the intervention itself, given that in some variables trends are observed that are not
statistically significant, probably due to insufficient statistical power. On the other hand,
another important limitation is the absence of the control group for motor competence.
Although such a considerable improvement in motor skills hardly seems to be explained
by children’s growth and development alone, it is necessary to consider the absence of data
for the control group for this variable.

Finally, the intervention was supervised and structured, with a frequency (three
sessions per week and 60 min per session) similar or higher to other interventions that
reported benefits and with a duration close to what is needed to achieve positive results (5
months). Another aspect to highlight was the combination of AVG and multicomponent
training focused on cardiorespiratory fitness, muscular strength, agility, and coordination.
In addition, the wide variety of AVG used should be highlighted. All these devices offer
opportunities and possibilities to significantly increase energy expenditure in overweight
or obese children [32].
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6. Conclusions

A 5-month intervention of AVG combined with multicomponent training seems to
have positive effects on muscle fitness and motor competence. Furthermore, this interven-
tion seems to be a potential strategy to increase LPA and decrease sedentary time, but its
ability to increase MVPA is unclear. In short, AVG combined with multicomponent exercise
carried out in structured and supervised sessions could be a useful tool in improving some
components of the pediatric inactivity triad in overweight or obese children.
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Abstract

Background: Childhood overweight and obesity have become major global health problems and are negatively related with
the cardiorespiratory fitness (CRF) level in school children and adolescents. Exercise, specifically multicomponent training, is
effective for CRF improvement, but the main challenge is to ensure adherence to exercise in children with overweight and obesity.
Therefore, new ways of exercising that are more attractive and motivational for this population are needed and playing or training
with active video games (AVGs) has been proposed as an effective altemative because they require full-body movement and
therefore increase energy expenditure.

Objective: The main aim of this study was to investigate the effects of an AVG intervention combined with multicomponent
training on CRF at maximal and submaximal intensities in children with overweight or obesity.

Methods: We recruited 28 children (13 girls and 15 boys) aged 9 to 11 years with overweight or obesity from medical centers
and divided them into 2 groups, an intervention group (n=20) that participated in a 5-month supervised AVG exercise program
combined with multicomponent exercise, and a control group (n=8) that continued daily activities without modification. A
maximal stress test to measure CRF using a walking-graded protocol with respiratory gas exchange was performed by the
participants.

Results: The AVG group showed a significant decrease in heart rate and oxygen uptake for the same intensities in the submaximal
stages of the maximal treadmill test, as well as a lower oxygen uptake percentage according to the individual maximal oxygen
uptake, whereas the control group did not show overall changes. No change in the peak oxygen uptake (VO,,,.,) was found.
Conclusions: A 5-month AVG intervention combined with multicomponent exercise had positive effects on CRF at submaximal
mtensity, showing a lower heart rate and oxygen uptake at the same intensities and displaying a lower oxygen uptake percentage
according to the individual (VO ). Greater benefits were found in children with the highest fat percentage.

Trial Registration: ClinicalTrials.gov NCT04418713; https://clinicaltrials.gov/show/NCT04418713
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Introduction

Background

Childhood overweight and obesity have become major global
health problems [1,2]. The World Health Organization even
refers to obesity as a “global pandemic™ [3]. The worldwide
prevalence of childhood overweight and obesity remains high,
but the rising trends have plateaued in many high-income
countries [4]. Nevertheless, the prevalence of overweight was
over 30% and that of obesity was over 10% in European children
and adolescents in 2016 [5]. This high prevalence is still
worrisome because childhood obesity has important health
implications such as the increased risk of developing
cardiovascular and cardiometabolic diseases (eg, type 2 diabetes,
hypertension, or metabolic syndrome), psychosocial problems
(eg, low self-esteem, low self-confidence, low self-efficacy,
low motivation for physical activity, bullying, or difficulties in
establishing relationships) [6,7], and an increased risk of
becoming overweight or obese adults [3].

Overweight and obesity have been shown to be negatively
related with cardiorespiratory fitness (CRF) levels in school
children and adolescents [8,9]. The relationship between both
factors has also been found in preschoolers [10] and becomes
more pronounced as children grow older [11], suggesting that
high CRF levels should be promoted as early as possible as a
preventive measure because poor CRF is even associated with
the development of cardiometabolic risk factors [12,13] and
metabolic syndrome [14]. Preschool BMI is also inversely
associated with fitness in adolescence [15]. Itis noteworthy that
a higher proportion of girls than boys have reduced aerobic
capacity [16]. Among all physical fitness variables, the peak
oxygen uptake (VO,p.,,) shows the strongest inverse relationship
with BMI and fat mass or body fat percentage [17]. Based on
the inverse relationship between CRF and body fat [18,19], it
seems that the cutoff point for the negative effects of fatness
depending on CRF starts above 16%-20% relative body fat
content [18].

On the other hand, an inverse reciprocal relationship was
observed between motor competence, and VO, and body
fatmess during childhood [20,21]; therefore, improving motor
competence will go hand in hand with improving CRF in the
objectives of an exercise intervention.

Exercise, specifically multicomponent training, is effective for
improving CRF [22,23]. However, the main challenge is to
ensure adherence to exercise in children with overweight and
obesity [24]. Therefore, new ways of exercising that are more
attractive and motivational for this population are needed.

Playing or training with active video games (AVGs) has been
proposed as an effective alternative to exercise and can be as
effective as moderate exercising; AVGs are being investigated
to determine their effectiveness agamst childhood obesity. AVGs
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generally require full-body movement and therefore increase
energy expenditure [25,26]; nevertheless, the effects of AVG
interventions on CRF are unclear due to the lack of evidence.
In fact, the few studies investigating the effects of AVGs on
CRF use indirect methods to assess CRF such as the shuttle run
test, step test, or The Progressive Aerobic Cardiovascular
Endurance Run test. This is a limitation m detecting positive
effects at submaximal intensities. In addition, itshould be noted
that AVG interventions need to be supervised and structured to
ensure their effectiveness i improving physical fitness or
increasing physical activity [27.28].

Objective

The main aim of this study was to investigate the effects of an
AVG intervention combined with multicomponent training on

CRF at maximal and submaximal intensities in children with
overweight or obesity.

Methods

Ethics Approval

The ethical guidelines of the 1964 Declaration of Helsinki
(revised in Fortaleza, 2013) [29] and the Declaration of Taipei
[30] were followed in the conduct of this study. The protocol
was reviewed and approved by the Research Ethics Committee
of the Government of Aragon (certificate number 11/2018,
CEICA, Spain). Written informed consent was obtained from
all participants and their parents or guardians, after being
informed of the nature and possible risks of the experimental
procedures in the study.

Study Overview

This randomized controlled trial (RCT) is part of a larger
cross-over study (trial registration mumber: NCT04418713). In
this RCT, participants were divided into 2 groups, an
intervention group that participated in the AVG exercise
program combined with multicomponent exercise, and a control
group that contimied daily activities without modification.

The recruitment process was carried out through pediatricians
from the medical centers. Informative talks about the activity
were given in medical centers, and it was the pediatricians
themselves who proposed the activity to patients with
overweight or obesity who could benefit from the activity. Due
to the difficulty of this recruitment process, it was planned to
extend the study for another year to obtain a bigger sample.
Therefore, a 2:1 randomization was carried out in the first year,
prioritizing the AVG intervention. SPSS (version 22.0; SPSS
Inc) was used to generate the random allocation sequence and
it was performed by the researchers who carried out the project.
In the second moment, randomization was going to be 2:1,
favoring the control group; unfortunately, it was interrupted by
the COVID-19 pandemic and the final groups were not uniform.
The second part of the study with a new recruitment process
was also interrupted by the COVID-19 pandemic.
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Participants

The sample consisted of 28 children (13 girls and 15 boys) with
overweight or obesity recruited from medical centers through
their pediatricians or from the schools of Zaragoza (Spain).
Participants met the following inclusion criteria: aged between
9 and 12 vyears, Tanner I or II (assessed through direct
observation by a physician) and not having had menarche,
overweight or obesity calculated by BMI and following the
cutoff points of Cole and Lobstein [31], without
contraindications for the practice of physical exercise, and
without pathologies that worsen with physical exercise. In
addition, the following were the exclusion criteria: participating
i regular high-level or high-intensity extracurricular physical
activities, following any special diet regime, and taking any
medication that may interfere with the variables evaluated. The
parents and pediatricians were informed about the development
of the activity, results, and progress of the children through
briefings.

Intervention

The participants were requested to attend 3 sessions per week,
lasting approximately 60 minutes each, and the intervention
lasted 5 months. The sessions were composed of a regime with
a 10-minute warm up, including joint mobility; dynamic
flexibility; muscle activation; and core, balance, and
coordination exercises. This was followed by the main part,
which consisted of 45 minutes of exercise with a combination
of AVG and multicomponent exercise, followed by a circuit
fraining dynamic where the participants continuously rotated
from AVG to exercises, and finally a 5-minute cooldown part
to lower the heart rate (HR) and end the session with static
flexibility routines. In general, the sessions consisted of 4 AVGs
with an average duration of 8 minutes, and the multicomponent
exercise was performed between the AVG sessions. The
multicomponent exercise lasted 13 minutes on average per
session, divided into 2 or 3 activities with different objectives
depending on the planning. Several physical activity and sport
professionals supervised the sessions.

In the main part, the AVGs included were the following: the
Xbox 360 with Kinect using “Kinect Adventures™ and “Kinect
Sports;” the Nintendo Wii using “Wii Sports:™ “Just Dance”
and “Mario and Sonic at the Olympic Games;” dance mats using
“Dance Revolution” and “Mario and Sonic at the Olympic
Games” adapted from the Nintendo Wii to the dance mats; and
the BKOOL interactive cycling simulator connected to a
HUAWEI MediaPad T5 AGS2-W09 tablet. The mtervention
was carried out in 2 locations, the University of Zaragoza and
the San Braulio public school in Zaragoza. All the AVGs were
provided through funding, and each site was equipped with the
AVGs necessary to develop the intervention. The sessions were
different every day, following a progression in difficulty and
intensity and fulfilling the objectives previously established
during planning. The participants did not play all the AVGs in
each session, so the number of sessions recorded for each AVG
was different. The order in which the activities were carried out
was different among the participants, as each participant started
m an AVG and changed it after playing.

https://games.jmirorg/2022/2/233782
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The AVGs were combined with multicomponent exercises
focused on enhancing health-related physical fitness, such as
CRF, muscular endurance, and muscular strength, along with
coordination and balance. This intervention design combining
AVGs with traditional exercise was selected due to a potentially
greater energy expenditure [32]. The multicomponent exercise
performed had a playful background to enhance motivation and
enjoyment.

QOutcomes

Anthropometry

All the participants underwent anthropometric examination
wearing minimal clothing. Height was measured to the nearest
1 mm with a stadiometer (SECA 225, SECA) and weight to the
nearest 0.1 kg with an electronic scale (SECA 861, SECA).
BMI was calculated as the weight (kg) divided by the square

of the height (m?).
CRF Measurements

A walking-graded protocol was employed to assess
cardiovascular fitness. The test was performed on a treadmill
(Quasar Med 4.0, h/p/cosmos) with a face mask fitted. The tests
were carried out in the laboratory of the GENUD (Growth,
Exercise, Nutrition and Development) research group. The test
was explained to the participants, who were fitted with
electrodes and had their resting HR measured before starting.
After fitting the safety harness, the test started at a comfortable
walking pace (3.2 kmvh), and the speed was increased by 0.8
km/h every 2 minutes until the participants walked quickly (5.6
km/h), which was the maximum speed reached during the test.
Then the slope was increased by 4% every minute until
exhaustion or up to a maximal slope of 24%. A sports medicine
physician supervised the entire test and performed a preclinical
examination to determine if the participant was suitable for
performing the stress test. The respiratory gas exchange data
were measured breath by breath using open-circuit spirometry
(Oxycon Pro, Jaeger/Viasys Healthcare).

Peak values of the VO, and HR were defined as the highest
average values obtained for any continuous 15-second period.
The metabolic cart was calibrated daily with a known gas and
volume as recommended by the manufacturer.

The HR was continuously recorded using 12-lead
electrocardiography (H12+, Mortara Instrument) from the
beginning to the end of the stress test. The maximal HR value
was the highest HR value recorded during the last stage of
exercise. The blood pressure was also measured with a digital
monitor (M3, HEM-7200-E, Omron Healthcare Europe), for
health and safety reasons, before the maximal effort test with
the participant lying in a tilt, and during the recovery period in
the standing position, both on the right arm. The cuffs were
adjusted to the circumference of the tested arm, and the
measurement was taken twice. The participants had to be at rest
5 min before the pretest measurement.

Statistical Analyses

SPSS (version 22.0, SPSS Inc) was used to perform all the
statistical analyses. Statistical significance was set at P<.05 in
all tests. Data are presented as means and SDs.
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Kolmogorov-Smirnov tests were performed to verify the normal
distribution of the variables; several variables did not show a
normal distribution, and therefore nonparametric tests were
performed.

The Mann-Whitney U test was conducted to examine differences
between the AVG group and control group for descriptive
characteristics and CRF parameters before and after intervention,
whereas the Wilcoxon test was performed for within-group
comparisons among the preintervention and postintervention
measures. The biserial correlation coefficient (r) was calculated
using the formula of Fritz et al [33] for nonparametric
contrasts/comparisons and the following thresholds were
considered: small effect (>0.1), medium effect (>0.3), and large
effect (>0.5) [34].

In addition, 2 groups were created based on the baseline body
fat percentage using the 50th percentage of the sample to
mvestigate the effect of body fat on the participants' response
after the AVG intervention and multicomponent exercise. Low
and high CRF categories were established using the 50th
percentile based on sex published by Johansson et al [35] for
children with overweight and obesity. The reference 50th
percentile values for the relative maximal oxygen uptake in
boys and girls were 30.8 and 30.6 mL/kg/min, respectively.

https://games.jmirorg/2022/2/233782
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The percentage of the VOa, . achieved by all the participants
at each stage was calculated through the objective data of their
VO, e Obtained in the maximal exercise test. The percentage
of change from the pretest measurement to the posttest
measurement was calculated for the HR, VOype,t, and percentage
of the VO 5.y

Results

Participant Characteristics

The descriptive variables of the participants included in this
study are shown in Table 1. No differences between the groups
at baseline were found.

No differences between groups were observed in preintervention
measurements. Age, weight, height, and lean mass significantly
increased in the AVG and control groups from the pretest to
the posttest (P<.05). The AVG group showed a decreased body
fat percentage and BMI z-score (P<.05). For the control group,
the VO, (L/min) increased (P<.05).

All the participants completed at least 75% of the sessions,
showing good adherence to this AVG intervention combined
with multicomponent exercise.
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Table 1. Characteristics of the subjects in active video game and control groups.

Variable Total (N=28) AVG? group (n=20) Control group (n=8)
Age (years), mean (SD)

Premtervention 10 (0.8) 10.2 (0.8) 9.7 (0.8)

Postintervention 10.7 (0.8) 10.7 (0.8) * 10.5 (0.8)*
‘Weight (kg) , mean (SD)

Preintervention 53.3(9) 35.3(9) 48.2(7.2)

Postintervention 56.2(10) 57.7 (9.7)* 52.5(10.3)*
Height (cm) , mean (SD)

Preintervention 144.6 (7.7) 146 (6.9) 141.1(8.8)

Postintervention 148.9 (1.5) 149.6 (7.3)* 147 (8.3)*
BMI (kg/m?)>, mean (SD)

Preitervention 25.3(2.8) 25.8(3) 24.1(1.7)

Postintervention 25.2(3) 25.7(3.1) 24.1(2.8)
BMI z-score , mean (SD)

Preintervention 1.95(0.3) 1.98 (0.4) 1.89(0.2)

Postintervention 1.84(04) 1.88 (0.42)* 1.72(0.3)
BMI percentile , mean (SD)

Preintervention 96.8 (2.2) 96.8 (2.6) 96.8(1.2)

Postintervention 95.6 (4.1) 95.8 (4.6) 95.1(2.5)
Body fat percentage, mean (SD)

Preintervention 40.9 (4) 41.3(3.7) 39.8(4.7)

Postintervention 40.1(4.4) 40.1 (4.5)* 39.9(4.4)
Lean mass (kg), mean (SD)

Preintervention 29.7(4.9) 30.6 (4.7) 27.4(5)

Postintervention 31.8(5.5) 32.6 (5.1)* 29.7 (6.3)*
VO3peqx” (L /kg/min), mean (SD)

Preintervention 32.85(5.9) 32.75(5.9) 33.1(6.2)

Postintervention 33.3(53) 32.8(5.5) 34.7 (4.6)
VO3peak (L/min), mean (SD)

Preintervention 1.72(0.29) 1.77(0.21) 1.6 (0.42)

Postintervention 1.85(0.29) 1.86(0.27) 1.81(0.37)*

2AVG: active video games.

b\"ngmk: peak oxygen uptake.

*Significant differences within groups between preintervention and postintervention (P<.05).

Effects of the AVG Intervention Combined With
Multicomponent Exercise on HR at Submaximal and
Maximal Effort

The effects of the intervention using AVGs combined with

multicomponent exercise on the HR for maximal and
submaximal efforts are detailed in Table 2. No differences
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between groups were found neither before nor after the
intervention for any HR variable (P>.03). Nevertheless, the
results showed a significant decrease in the maximal HR of the
AVG group (r=0.535) and at every submaximal stage: 3.2 km/h
(r=0.505), 4 kin/h (r=0.577), 4.8 km'h (+=0.689), 5.6 km'h
(r=0.765), and 5.6 kmv'h with a slope of 4% (#=0.480). Lower
HR values were observed for the same intensities, whereas the
control group did not show any changes.
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Table 2. Heart rates in the different submaximal stages of the maximal stress test by group (N=28).

Heart rate at various levels (bpm®?), mean (SD) AVGP group (n=20) Control group (1=8)
Speed: 3.2 km/h; slope: 1%

Premtervention 118.2 (12.44) 120.38 (10.31)
Postintervention 113.7 (10.6)* 116.38 (9.49)
% change -3.45(7.19) -3.08 (7.21)

Speed: 4 km/h; slope: 1%

Premtervention 127.6 (13.86) 124 (11.51)

Postintervention 121.75 (11.48)* 122.75(10.22)

% change —4.27(6.34) —-0.75 (6.71)
Speed: 4.8 km/h; slope: 1%

Preintervention 137.75 (15.42) 133.13(13.04)

Postintervention 129.9 (10.97)* 130.13(9.6)

% change -5.28 (6.22) ~1.91 (6.34)

Speed: 5.6 km/h; slope: 1%

Premtervention 152.3 (17.42) 146 (14.78)
Postintervention 143.40 (14.43)% 142,63 (12.98)
% change -5.59(54) -2.03 (7.03)

Speed: 5.6 km/h; slope: 4%

Preitervention 157.2 (37.76) 155.5 (16.57)
Postintervention 153.95 (15.74)* 152(12.88)
% change —5.48 (44.53) ~1.92 (6.05)

Maximum HR® (bpm)

Preintervention 197.1(12.24) 191.63 (10.51)
Postintervention 187.2 (22.42)* 191.75 (6.94)
% change ~4.86 (11.1) 0.2(3.75)

?bpm: beats per mimute.

YAVG: active video game.

°HR: heart rate.

*Significant differences within the group between preintervention and postintervention (P<.05).

for the VO,pea. As shown in Figure 1, lower VO, values occur
. . . for the same intensities after the intervention at ever

Mu]t.lcomponent Exexcise on Submaximal and submaximal stage of the test: at 3.2 km/h (»=0.518), 4 km/%
Maximal Effort Oxygen Uptake and Length ofthe 0 434) 4.8 kmh (—0.593). 5.6 knvh (—=0.535), and 5.6
Maximal Treadmill Test km/h with a slope of 4% (r=0.551). The control group did not
The effects of the intervention using AVGs combined with show any change in the VO, parameters. In addition, significant
multicomponent exercise on VO, for the maximal and differences between groups were found in the submaximal VO,
submaximal efforts are defailed in Table 3. No pretest after the AVG intervention, with significantly lower VO, in the
differences were found between groups (P>.05). Afterthe AVG Ay G group at 3.2 kmv/h and 5.6 ki/'h. The duration in minutes

intervention combined with multicomponent exercise, a decrease  of the maximal treadmill test significantly increased in the AVG
in the submaximal VO, was found, but no effects were reported 514 control groups, with no differences observed.

Effects of the AVG Intervention Combined With
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Table 3. Oxygen uptake in the different submaximal stages of the maximal stress test by group (N=28).

Variable, mean (SD) AVG? group (n=20) Control group (1=8)

VO;_b (mL/kg/min); speed: 3.2 km/h; slope: 1%

Premtervention 13.47 (2.81) 14.59 (1.96)
Postintervention 11.76 (2.26)* 14.86 (2.46]"
% change -8.73 (27.85) 2.8(17.3)

VO, (mL/kg/min); speed: 4 km/h; slope: 1%

Preintervention 14.95 (3.05) 1555 (1.43)
Postintervention 13.15 (2.22) 15.34 (2.58)
% change —8.73 (23.65) -1.13 (15.43)

VO, (mL/kg/min);speed: 4.8 km/h; slope: 1%

Preintervention 17.02 (2.9) 17.48 (2.25)
Postintervention 14.92 (2.39)* 17.03 (2.73)
% change -10.41 (17.92) ~2.06 (13.55)

VO, (mL/kg/min); speed: 5.6 km/h; slope: 1%

Preintervention 19.97 (3.09) 2150 (2.72)
Postintervention 18.16 (2.88)* 21.13 (2.56)”
% change —7.49 (18.56) -0.47 (16.13)

VO3 (mL/kg/min); speed: 5.6 kan/h; slope: 4%

Preintervention 22.05(3.18) 23.30 (2.78)

Postintervention 20.59 (2.93)* 23.18 (3.03)

% change —4.54(21.04) —0.04 (11.43)
VO3peak (mL/kg/min)

Preintervention 32.75(5.9) 33.11 (6.18)

Postintervention 32.82(5.54) 34.68 (4.65)

% change 1.23(13.08) 6.6 (15.30)

Length of the maximal treadmill test (min)

Premtervention 11.38 (0.94) 11.16 (0.95)

Postintervention 12.37 (1.20)* 12.42 (0.58)*

% change 8.76 (5.58) 11.72 (7.13)
Length of the effort phase of the maximal treadmill test (min)

Preintervention 3.39(0.92) 3.25(0.98)

Postintervention 438 (1.16)* 4.42 (0.58)*

% change 36.34 (44.57) 444 (38.15)

PAVG: active video game.

b\"02: oxygen uptake.

* Significant differences within groups between preintervention and postintervention (P<.05).
“Sigﬂiﬁcant differences between AVG and control groups (P<.05).
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Figure 1. Changes in VO, during the different stages of the maximal stress test observed for the (A) active video game group and (B) control group.
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In addition, the VO, percentage was calculated for each
participant according to the VO, peak obtained from the
maximal treadmill test. Results reported no differences between
groups before the AVG intervention. Based on the VO, values
in mL/kg/min, the AVG group showed significant decreases in
the VO, percentage at all submaximal stages of the maximal
treadmill test: 3.2 kno/h (7=0.609), 4 km/h (7=0.551), 4.8 km'h
(r=0.693), 5.6 kan/h (¥=0.576), and 5.6 kivh with a slope of 4%
(r=0.476). On the other hand, the control group showed
decreases in the VO, at only 4.8 kiv/'h (7=0.792). Significant
differences in the VO, were found between the AVG and control
groups after the AVG intervention at 3.2 km/h.

Effects of the AVG Intervention Combined With
Multicomponent Exercise on Submaximal and
Mazximal Effort Oxygen Uptake Percentage by Groups

https://games.jmirorg/2022/2/233782
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According to Body Fat Percentage Baseline in the AVG
Group

As explained before, the sample was divided into 2 groups
according to the 50th percentile of the body fat percentage for
the AVG group. The results showed that the participants with
a higher body fat percentage showed a significantly decreased
HR and VO, at the same intensities after the mtervention.
Specifically, lower HR values were found for the participants
in the AVG group with higher body fat percentages at 3.2 km/h
(r=0.737), 4 km/h (+=0.662), 4.8 km/h (7=0.751), 5.6 knvh
(r=0.886), and 5.6 km/h with a slope of 4% (+=0.864);
furthermore, lower HR values were found for the AVG group
participants with lower body fat percentages at only 4.8 kmv/h
(r=0.454). On the other hand, lower VO, values were found for
the AVG group participants with higher body fat percentages
in the submaximal stages of the maximal treadmill test at 4 ki/h
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(r=0.617), 4.8 km/h (r=0.697), and 5.6 km/h (+=0.885); in
contrast, the AVG group participants with lower body fat
percentages did not show any changes. However, the influence
of the body fat percentage on the VO, percentage determined
from the individual VO, of the maximal treadmill test was
low, showing that the AVG group participants with higher body
fat percentages displayed significant decreases in the VO,
percentage during the submaximal stage at 4.8 km/h (+=0.590)
and 5.6 km/h (7=0.751). However, the AVG group participants
with lower body fat percentages displayed significant decreases
in the VO, percentage during the submaximal stages at 3.2 kmv/h
(r=0.691) and 4.8 knmv'h (»=0.810). No significant differences
between the AVG group participants with higher and lower
body fat percentages were found in the baseline and posttest.

Discussion

Principal Findings

The aim of this study was to investigate the effects of an AVG
intervention combined with multicomponent training on CRF
at maximal and submaximal effort levels in children with
overweight and obesity. The main finding of this study was the
significant decrease in the HR and VO, shown by the AVG
group for the same intensities at the submaximal stages of the
maximal treadmill test, along with a lower VO, percentage
according to the individual maximal oxygen uptake. As a
reference, the control group did not show overall changes in the
HR, VO,, or VO, percentage in the submaximal stages of the
maximal treadmill test, except for a significant decrease in the
VO, percentage at 4.8 lkan/h. However, no changes in the relative
or absolute VO, ., values (in mL/kg/min and L/min) were
found for the AVG group, although an increment in the absolute
VOspeqc Value was observed for the control group. This might
be due to the weight gain in the control group, mainly fat
accumulation. Although we did not expect improvements in the
VOspeq, the adequate intensity level required for achieving the
desired improvements at the maximum intensities was not
reached. This may be explained by the nature of the intervention
limiting the intensity to that produced by the AVGs and the
inability of the participants to reach such demanding intensities
due to excess body fat. However, one of the objectives of the
intervention was to improve quality of life by enabling these
children to better cope with daily activities, which are often
submaximal efforts.

Regarding the CRF endurance level of the participants, mean
VO, values of 32.75 (SD 5.90) mL/kg/min for the AVG
group and 33.11 (SD 6.18) mL/kg/min for the control group
were obtained. The children with overweight and obesity who
participated in this study showed low CRF levels with an
increased risk of health problems due to this low level of CRF
in 75% of the participants, according to the cutoff points
proposed by Ruiz etal [36]. Moreover, 67.9% of the participants
are above the 50th percentile according to Johansson et al [35],
which means that the participants in this study had a higher
CRF compared to the mean of the normative data of children
with overweight or obesity.
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Inrelation to maximal exercise testing, it is difficult for children,
especially those with overweight or obesity, to meet all the
maximal criteria and demonstrate a plateau in their maximal
oxygen uptake [37]. To determine if the exercise test was
maximal and the VO, data were valid, the percentage of the
theoretical maximal HR reached at the end of the test and the
respiratory exchange ratioz1.15 [38] were used. Only 4 of the
28 participants in the preintervention maximal exercise test and
3 of the 28 participants in the postintervention maximal exercise
test did not reach 90% of their theoretical maximum HR at the
end of the maximal stress test, but they achieved a respiratory
exchange ratio very close to (1.13 and 1.14), equal to, or higher
than 1.15. Therefore, it can be strongly believed that the tests
were maximal.

Thus far, only 7 studies have investigated the effects of AVG
interventions on the CRF of children with overweight or obesity,
and the results are unclear. The first study that reported the
effects of AVGs on the CRF of adolescents with overweight
and obesity was that by Adamo et al [39] and the results showed
a significant training effect over time with two different
interventions: AVG cycling and stationary cycling with music
interventions, with sessions of 60 minutes twice per week for
10 weeks. Both interventions produced significant improvements
in the peak HR, peak workload, or the time to exhaustion, along
with significant reductions in the body fat percentage; however,
no significant differences were found between the exercise
groups. With this same intervention, Goldfield et al [40]
observed that the psychological benefits of these aerobic
exercises were related to improved aerobic fitness. These
positive effects are in line with our results. Although they show
that the positive effects of AVG cycling on CRF are comparable
to those of the stationary cycling with music intervention,
adherence to this stationary cycling with music intervention
was greater. Maddison et al [41] found decreases in body fat
percentage with no significant increases in the CRF forthe AVG
group, measured by the 20-m shuttle test. However, this positive
effect of AVGs on body composition in children with
overweight or obesity is most likely mediated through improved
aerobic fitness [42]. This relationship between body fat
percentage and CRF supports the results of this study in which
participants with higher body fat percentage had greater
improvements in CRF. The interpretation of this result could
be that participants with higher body fat percentage have a
greater facility for decreasing body fat, which is associated with
an increase in CRF. Maloney et al [43] observed no
improvements in CRF of the AVG and control groups, assessed
by a 3-minute step test after playing Dance Dance Revolution
for 12 weeks. This discrepancy may be due to the method used
to measure CRF; the participants did not reach adequate
intensities and the study did not report the mumber of sessions
per week and the duration of these sessions, which could also
explain the lack of positive effects. Christison et al [44] showed
that the number of shuttle mns did not change after a 6-month
AVG intervention, with 2 sessions per week using several
devices. This study has several limitations that could explain
the lack of positive effects of the AVG intervention such as the
small sample, the difference in the number of participants
between the intervention and control groups, the short length
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of the intervention whose duration was 10 weeks, and the
method for measuring the CRF for which the 20-m shuttle run
test was used. The most recent study was conducted by Bonney
etal [45], who investigated the effect of Wii Fit, in comparison
with a task-oriented functional training, on the performance in
the shuttle run test and positive effects on CRF in both groups.
However, no differences between the AVG and control groups
performing the task-oriented functional training were found
after a 14-week intervention conducted once a week with each
session lasting for 45 minutes. Furthermore, 2 noncontrolled
mials studied the effects of AVG on CRF in children with
overweight and obesity [46.47]; the limitation of these trials
was the lack of a control group, which means that the results
should be interpreted with caution. Calcaterra et al [47] observed
an improvement in CRF (3.8 mL/kg/min, P<.001) measured by
a walking test on a treadmill reaching 8 5% of the maximal HR
after a 12-week intervention using interactive video games.
Huang et al [46] showed no effects of AVGs using Nintendo
‘Wii and Xbox Kinect on CRF after 16 sessions, probably due
to the inclusion of only 14 participants and the short length of
the intervention. A systematic review performed by Zeng and
Gao [48] included only 1 RCT [41], which reported positive
effects of an AVG intervention in comparison with an exercise
group, but these results were unclear due to the inclusion of
only 1 study. Given the lack of studies on the usefulness of
AVGs to improve CRF, more quality research investigating
AVGs as tools to improve CRF is needed. In addition,
systematic reviews on AVGs that include CRF are needed, given
that CRF is one of the key components of health-related physical
fitness and is closely related to quality of life and health.

On the other hand, when the AVG group was divided in 2 groups
according to body fat percentage, the results showed that the
participants with higher body fat percentage showed
significantly decreased HR and VO, values at the same
intensities after the intervention, which translates into improved
efficiency during submaximal efforts. As stated above,
participants with higher body fat percentages had a greater range
of improvement, and therefore, it is easier for them to achieve
improvements, showing significant decreases in the HR and
VO, at the same submaximal intensities after the AVG
intervention combined with multicomponent exercise. However,
smaller improvements were observed in participants with lower
body fat percentages. These results are supported by previous
studies considering the effect of AVGs on CRF, although there
are none that determine CRF with breath-by-breath
measurements, indirect calorimetry, and the maximal stress test
along with gas exchange measurements. As previously stated,
there are several studies that support the use of AVGs to improve
CRF in children with overweight or obesity. None of these
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studies compare the outcomes in children based on body fat,
and they do not differentiate between overweight and obesity.
However, the studies investigating the use of AVGs to improve
CRF in children with a healthy weight indicate low
effectiveness; among the 6 controlled trials, 3 studies [49-51]
report positive effects and the other 3 studies [52-34] report no
effects, contrary to the studies involving children with
overweight or obesity, most of which found significant
improvements in CRF.

Strengths and Limitations

Some limitations must be considered in this study. The number
of participants was low, especially in the control group. This
could make it more difficult to identify the effects of the AVG
intervention and achieve enough statistical power. Another
important limitation is the unequal number of participants in
the AVG and control groups because the control group could
not be completely formed owing the COVID-19 pandemic,
which interrupted research activities worldwide.

However, some strengths can be highlighted. The intervention
was supervised and structured, with a duration (5 months) and
frequency (3 sessions per week and 60 minutes per session)
similar to or higher than that of any other previous AVG
intervention reporting benefits for this population. Another
important aspect is the combination of AVG and
multicomponent training focused on CRF, muscular strength,
agility, and coordination. In addition, the wide variety of AVGs
used should be highlighted. All these devices offer opportunities
and possibilities to significantly increase energy expenditure in
children with overweight or obesity [26]. Finally, the main
strength was the maximal stress test conducted to measure CRF
using a walking-graded protocol with respiratory gas exchange
measurements that allowed HR and VO, values to be recorded
at submaximal intensities.

Conclusions

A 5-month intervention of AVGs combined with
multicomponent exercise had positive effects on CRF at
submaximal intensity, showing lower HR and VO, values at
the same intensities and lower VO, percentages according to
the individual VO, values. The body fat percentage and the
BMI z-score were also reduced after the AVG intervention. In
addition, greater improvements were found in children with the
highest fat percentage.

Future research could focus on the design and implementation
of AVG interventions with higher intensities than those used
in this study to produce improvements in CRF at submaximal
and maximal effort levels, as this type of intervention appears
effective for children with overweight or obesity.
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6. Discusion global

La evidencia cientifica resumida en las revisiones sistematicas con meta-analisis
realizadas muestra efectos positivos de intervenciones con VJA en la composicion corporal,
especialmente en nifios/as y adolescentes con sobrepeso u obesidad. La gran mayoria de
estudios coinciden en encontrar que las intervenciones con VJA disminuyen el peso, IMC
y la grasa corporal (126—129,134-144), aunque hay algiun estudio que no reporta efectos
(111,130-132,145-147) o incluso reporta incrementos en el IMC (133). El anélisis
cuantitativo que se resume en la Tabla 2 muestra el efecto positivo de los VJA en el IMC,
Z-Score de IMC, el porcentaje de grasa corporal y la masa grasa de la poblacion infantil
con sobrepeso u obesidad mientras que no se reportaron efectos en el IMC en infantes con
peso saludable. Estos resultados van en la misma linea que las reducciones tanto de IMC

como de grasa corporal conseguidas con la intervencion de VJA del presente proyecto.

Tabla 2. Tamafios de los efectos y heterogeneidad de los resultados de los estudios

que comparan una intervencion con VJA con el grupo de control.

Nifios/as y adolescentes con peso saludable

N | Hedges g effect size 95 % CI p value P

IMC 7 -0.291 -0.631; 0.049 0.000 | 78.47%

Condicion cardiorrespiratoria | 4 0.438 0.022; 0.855 0.001 82.9%

Nifios/as y adolescentes con sobrepeso u obesidad

N | Hedges g effect size 95 % CI p value P

IMC 4 -0.209 -0.388; -0.031 | 0.699 0%
Z-Score de IMC 6 -0.066 -0.124; -0.007 | <0.0001 | 97.55%
Porcentaje de grasa corporal | 3 -0.462 -0.819;-0.105 | 0,059 | 64.59%
Masa grasa 2 -0.879 -1.138;-0.620 | 0.756 0%
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Masa libre de grasa 3 0.106 -0.594; 0.806 0,522 0%

Circunferencia de cintura 3 -0.426 -1.295; 0.444 0.271 23.5%

Como se puede ver en la Tabla 2, los resultados son menos claros y hay mas
controversia en cuanto al efecto de los VJA en la condicion cardiorrespiratoria, con estudios
mostrando efectos positivos (127,133,134,150) frente a otros estudios que no reportan
efectos significativos (111,126,130,147,149,151). Mientras que el analisis cuantitativo del
efecto de los VJA en la condicidon cardiorrespiratoria de nifios/as con peso saludable
mostraba mejoras significativas (Tabla 2), este andlisis no se pudo realizar en poblacion
infantil con sobrepeso u obesidad. Esta poca claridad en los efectos se podria achacar al
disefio de las intervenciones, tanto a la duracion como a la intensidad, por lo que se decidi6
combinar una intervencion de VJA con ejercicio multicomponente para potenciar el efecto
en la condicion cardiorrespiratoria. La evidencia cientifica tampoco esclarece los efectos
de los VJA en la fuerza muscular con articulos que han reportado mejoras en la fuerza
muscular después de una intervencion con VJA (127,143,144,149,152) y con articulos que
no reportan efectos (153-155), y con la misma justificacion que para la condicion
cardiorrespiratoria, se disend una combinacion de los VJA con ejercicio multicomponente,
incluyendo el entrenamiento de fuerza para la intervencion. No se pudo realizar ningin
analisis cuantitativo del efecto de los VJA en la condiciéon muscular. Ademas, los VJA
podrian ser una estrategia efectiva para mejorar la habilidad motriz en nifios y nifias (157—
163), con pocos articulos que no mostraron efectos positivos (127,164,165). Por lo tanto,
los VJA parecen tener el potencial para mejorar la competencia motriz a través de los VIA
(166,167), aunque no se pudieron realizar analisis cuantitativos en las revisiones

sistematicas.
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Asi mismo, los VJA podrian ser una estrategia efectiva para mejorar la habilidad
motriz en nifios y nifias (157-163), con pocos articulos que no mostraron efectos positivos
(127,164,165). Por lo tanto, los VJA parecen tener el potencial para mejorar la competencia
motriz a través de los VJA (166,167), aunque no se pudieron realizar analisis cuantitativos
en las revisiones sistematicas.

La idea clave de las revisiones sistematicas con meta-analisis que se realizaron es que
se necesitan mas ensayos controlados aleatorizados para investigar los efectos de las
intervenciones con VJA, sobre todo en componentes de la CF como la condicion
cardiorrespiratoria y la fuerza muscular, ademas de en la habilidad motriz en nifios/as y
adolescentes con sobrepeso u obesidad, para conocer las posibilidades y el potencial de las
intervenciones con VJA para detener el circulo vicioso de la triada de la inactividad
pediatrica y luchar contra la obesidad infantil.

Los resultados del proyecto “Videojuegos activos frente a la obesidad y el
sedentarismo en nifios y nifas de 9 a 11 afios: una propuesta disruptiva” muestran que una
intervencion de ejercicio fisico con VJA combinados con ejercicio multicomponente es
efectiva para incrementar el gasto energético y mejorar la CF y habilidad motriz en nifios/as
prepuberales con sobrepeso u obesidad.

Los VJA parecen una estrategia prometedora para poblacion infantil con obesidad
debido al gasto calérico que provocan que oscila entre 4,35 y 5,68 kcal/min como se
muestra en la Figura 24, con gastos energéticos cercanos a la intensidad vigorosa (>6
METs), independientemente del sexo (Figura 25) o del grado de sobrepeso u obesidad
(Figura 26) (204). Este gasto es menor que el reportado en deportes de equipo mas
populares como el fatbol o el baloncesto (8-9 METs) (205), pero se debe tener en cuenta
que los nifios/as con sobrepeso u obesidad no practican estos deportes, y si lo hacen, no
alcanzan esas intensidades. Ademas, el gasto energético de los VJA es bastante mas elevado
que el de jugar a videojuegos convencionales o ver la television (1-1,5 METs) (205), dos
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de las actividades ludicas mas populares entre los jovenes. De este modo, la literatura
cientifica evidencia el potencial de los VJA para sustituir esos comportamientos ludicos
sedentarios (114,115) y provocar un gasto energético que promueva la lucha contra la

obesidad infantil (204).

Figura 24. Gasto energético durante una sesion de videojuegos activos combinados
con ejercicio multicomponente, mostrando cada dispositivo y el ejercicio sin

videojuegos activos, categorizado por sobrepeso u obesidad.

=1
L

=
L

O Overweight

5.44 5.68 Obesit
4.99 5 242|436 0O Obesity

Energy expenditure
(Keal/min)
P

0
Total per BKOOL  Nintendo Xbox  Dance Mats Nintendo Exercise
Session Wii Kinect Switch
(Ring Fit)

Fuente: La figura pertenece a un articulo propio «Assessment of Active Video Games' Energy

Expenditure in Children with Overweight and Obesity and Differences by Gender». (204)

Figura 25. Gasto energético de toda la sesion y de cada VJA categorizado por

geénero.
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5.85 kcal/min
573 MET

4.79 kecal/min
5.47 MET

5.9 keal/min 5.11 kecal/min 5.05 keal/min
522 MET 5.03 MET 495 MET
3.85 kcal/min 4.01 kecal/min 4.24 kcal/min
4.26 MET 4.56 MET 4.66 MET

GASTO TOTAL

| CHICOS = 5.68 keal/min > 5.52 MET |

*Diferencia estadisticamente

DURANTE LA
SESION

| CHICAS = 4.66 keal/min - 5.3 MET |

significativa entre chicos y chicas en el
gasto energético medido en kcal/min

Fuente: Elaboracion propia.

4.64 kcal/min
4.67 MET

4.04 keal/min
4.57 MET

BKOOL
Ring Fit
Xbox Kinect

SESION TOTAL

Figura 26. Gasto energético de toda la sesion y de cada VJA categorizado por

estatus de peso

5.00 kcal/min 4.4 kcal/min 4.36 kcal/min 4.35 kcal/min
5.81 MET 5.04 MET 5.03 MET 494 MET
)
5.68 kcal/min 5.13 kcal/min 4.08 kcal/min 4.97 kecal/min
5.46 MET 4.68 MET 4.67 MET 4.75 MET
GASTO TOTAL SOBREPESO = 5.68 kcal/min—=> 5.52 MET

DURANTE LA SESION

OBESIDAD = 4.66 kcal/min—> 5.3 MET

Fuente: Elaboracion propia.

4.42 kcal/min
5.11 MET

4.36 kcal/min
428 MET

La mayoria de los estudios anteriores al de la presente tesis que investigaron el gasto

energético de los VJA utilizaron una calorimetria indirecta mediante un analizador

metabolico portatil para medir el gasto energético (118,120,206-215), o un brazalete

SenseWear® (216-218). El gasto energético obtenido para la Nintendo Wii® fue de 2,05
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a 5,14 kcal/ min, dependiendo del juego (209,211,213,215), resultados bastante acordes
con los resultados del presente proyecto. El juego més usado para la Nintendo Wii® fue
Wii Sports®, con gastos energéticos de entre 2,03 a 2,86 METs para el juego de los bolos
y de entre 3,05 a 4,2 METs para el juego del boxeo, que fue el que més gasto reportd
(118,208,214), lo cual estuvo bastante en consonancia con los resultados del proyecto, ya
que el juego del boxeo fue el que mas se utilizé en la Nintendo Wii®. La Nintendo Wii®
fue capaz de conseguir una AF ligera-moderada (208,212), aunque en el presente proyecto
fue de los VJA que reportd menor gasto energético, debido probablemente al uso de tren
superior principalmente, con menor masa y reclutamiento muscular (116,204). Ademas,
en la Nintendo Wii® se observo mayor gasto en chicos que en chicas (208) y mayor grado
de disfrute en jovenes con sobrepeso u obesidad (118). Otro VJA bastante usado en
intervenciones de ejercicio con VJA es la Xbox Kinect®, que ha producido gastos de entre
1,85 y 3,1 kilocalorias por hora de sesion (206,216,219). La evidencia cientifica actual
evidencid gastos de la Xbox Kinect® que variaban de 4,24 a 5,7 METs (120,206,207,219),
pudiendo llegar incluso a superar los 6 METs (207), y reportando mayores gastos en chicos
que en chicas (207,219), como ocurria con la Nintendo Wii®. También se reportd6 mayor
gasto en las modalidades multijugador (210,220) y en los juegos en los que habia narrativas
(221). De este modo parece que la Xbox Kinect® produce una AFMV (120,222). Las
esterillas de baile también han sido estudiadas, mostrando un gasto de 5,5 METs (118),
algo mayor que las reportadas por el presente proyecto. Los ciclosimuladores como la
BKOOL® también tienen potencial, e incluso mayor que el de los VJA convencionales,
con consumos caldricos bastante mas elevados, llegando incluso a 576,2 kcal por hora
(134). En el proyecto VIDEOACTIVO fue el VJA que mayor gasto energético produjo,
aunque no alcanzé los 6 METs que clasifican una actividad como vigorosa. Por ultimo, este
proyecto incluy6 en el segundo afio de intervencion un VJA muy novedoso: el Ring Fit
Adventures®. A dia de hoy hay tan solo 5 articulos publicados, siendo el articulo en el que
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reportamos el gasto energético en nifios/as con sobrepeso u obesidad el primero que se
publicéd. Ninguno de los articulos restantes publicados investigo los efectos de este VJIA en
nifios/as o adolescentes, no obstante, puede ser un dispositivo a tener en cuenta dado que
fue de los que més gasto energético provoco, junto con el ciclosimulador BROOL®. Cabe
destacar que es el unico VJA que incluye un trabajo de fuerza, ya que incluye tanto
gjercicios para la mejora de la condicion cardiorrespiratoria como ejercicios de fuerza,
ademads de estiramientos dinamicos y estaticos y equilibrio. Durante el juego, se suceden
una serie de batallas en las que los ataques son diferentes ejercicios y se usan para derrotar
a diferentes enemigos virtuales. Los ejercicios que se usan en estas batallas pueden ser
aerdbicos como jumping jacks, skipping, escalador...; ejercicios de fuerza que pueden estar
enfocados a las piernas con sentadillas, flexiones de muslo o elevaciones de rodilla, a los
brazos y el pecho con tirones de arco, retrocesos de triceps o flexiones de pecho, los
musculos estabilizadores con planchas, torsiones, escalador o inclinaciones de tronco y
elevaciones de piernas desde la posicion de sentado o tumbado, e incluso hay posiciones
de yoga como la silla, el guerrero y las posturas del arbol para entrenar el equilibrio y la
fuerza. El jugador tiene que realizar un skipping para avanzar en el juego, elevando mas las
rodillas para subir escaleras o atravesar zonas de agua. Una caracteristica muy distintiva y
unica de este VJA es el aro como mando de control, con el que fortalecer los brazos,
realizando presiones para disparar o saltar, y tracciones para absorber diferentes objetos de
utilidad como monedas o vidas, requiriendo el movimiento de todo el cuerpo y combinando
ejercicio aerdbico y de fuerza. En definitiva, el mayor gasto energético de BKROOL® y
Ring Fit Adventures® y el menor gasto energético al jugar a la Nintendo Wii® pueden
explicarse por los musculos implicados. En relacion con estos resultados, un meta-anélisis
realizado por Peng y col. (112) inform6 de que los VJA que implicaban principalmente
movimientos de las extremidades superiores tenian efectos significativamente menores en
el gasto energético que los VJA que implicaban principalmente movimientos de las
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extremidades inferiores o de todo el cuerpo. El gasto energético de los VJA fue de entre
4,63y 5,61 METs, acercandose a la intensidad vigorosa. También se registraron diferencias
en las kilocalorias por minuto entre chicos y chicas, que se debieron principalmente a la
diferencia de peso.

En cuanto a los resultados de la intervenciéon con VJA combinados con ejercicio
multicomponente, los resultados fueron prometedores. Concretamente, la intervencion de
ejercicio fisico con VJA combinados con ejercicio multicomponente mejord la
composicion corporal de los nifios/as prepuberales con sobrepeso u obesidad que realizaron
la intervencion con VJA, mostrando una disminucion del porcentaje de grasa corporal y del
Z-Score del IMC (p <0,05). Estos resultados van en consonancia con la evidencia cientifica
en la que la gran mayoria de estudios coinciden en encontrar que las intervenciones con
VJA disminuyen el peso, el IMC o la grasa corporal tanto en nifios/as con peso saludable
(126—-129) como sobre todo el poblacidn infantil con sobrepeso u obesidad (134—144), con
pocos estudios que no reportan efectos (111,130-132,145-147). En cuanto a la masa
magra, tanto el grupo de intervencion con VJA como el grupo control aumentaron
significativamente la masa magra subtotal y la masa magra de brazos y piernas y puesto
que no se encontraron diferencias significativas entre grupos, parece que estos aumentos
pueden ser el resultado del crecimiento y el desarrollo y no de la intervencion. Hubo
también un aumento del indice de masa magra subtotal en ambos grupos, con un mayor
incremento en el grupo VJA, y una disminucién del Z-Score del indice de masa magra
subtotal, con un mayor descenso en el grupo de control, mostrando incluso un valor Z-
Score negativo. A pesar de que esta intervencion de VJA no parece haber tenido un efecto
en la masa magra, existe una tendencia positiva en las variables indice de masa magra y de
Z-Score de indice de masa magra que favorece al grupo de intervencion con VJA. Sin
embargo, cuestiones como la falta de control de la dieta o la progresion de la intensidad

durante la intervencion, que hicieron que no se alcanzaran intensidades tan altas como para
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producir cambios significativos. Otra explicacion de que esta intervencion con VJA no
produjera efectos en la masa magra puede ser que el disefio de los propios VJA y los
ejercicios 0 movimientos que se realizan durante la intervencion no estan tan enfocados
hacia la ganancia muscular y no producen una estimulacion muscular suficiente. Sin
embargo, actualmente estan surgiendo otros dispositivos de VJA muy interesantes como el
Ring Fit Adventures para Nintendo Switch, que incorpora un implemento de resistencia
muscular a través de un aro de pilates interactivo, lo que podria proporcionar una mayor
estimulacién muscular. Este dispositivo se adquirid para el proyecto y se intentd investigar
su potencial en la intervencion del segundo afio, la cual se suspendi6 en mitad del periodo
de intervencion debido a la COVID-19, como se ha explicado anteriormente. Revisando
bibliografia previa, solamente 4 articulos (134,138,139,145) examinaron los efectos de una
intervencion de VJA en la masa magra, y en la misma linea que los resultados del proyecto
VIDEOACTIVO, ningtn articulo reportd efectos positivos de una intervencion con VJA
en la masa magra, aunque es necesario mencionar que las intervenciones de estos articulos
duraron menos de 6 meses y se centraron en la pérdida de grasa mas que en el
mantenimiento o incremento de la masa magra.

En cuanto a los efectos en la condicion cardiorrespiratoria, la intervencion de VJA
con entrenamiento multicomponente produjo una disminucion significativa en la FC y el
VO: en las mismas intensidades durante las etapas submaximas del test maximo en cinta
ergométrica. También se reportaron porcentajes de VO, mas bajos de acuerdo con el
consumo maximo de oxigeno individual en etapas submaximas de la prueba de esfuerzo
tras la realizacion de la intervencion con VJA. Como referencia, el grupo control no mostrd
cambios globales en la FC, VO o en el porcentaje de VO: en las etapas submaximas de la
prueba maxima, excepto por una disminucion significativa en el porcentaje de VO a 4,8
km/h. Por otro lado, no se encontraron cambios en los valores relativos o absolutos de VO»
pico (en mL/kg/min y L/min) para el grupo que realizo la intervencion con VJA. También
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se observd un incremento en el valor absoluto de VOopico para el grupo control, lo que
podria deberse al desarrollo y crecimiento. Aunque no esperabamos mejoras en el VOzpico,
no se alcanzd el nivel de intensidad adecuado requerido durante las sesiones de
entrenamiento para lograr las mejoras deseadas a las intensidades méximas. Esto puede ser
debido a la naturaleza de la intervencion que limita la intensidad a la producida por los
VIJA, junto con la incapacidad de los participantes para alcanzar intensidades tan exigentes
debido al exceso de grasa corporal. Sin embargo, uno de los objetivos de la intervencion
era mejorar la calidad de vida al permitir que estos nifios hicieran mejor frente a las
actividades diarias, que en su mayoria son esfuerzos submaximos. Para saber si la
intervencion con VJA tiene diferente potencial o efectividad en nifios/as en funcion de la
grasa corporal, se estudi6 la influencia del porcentaje de grasa en los efectos producidos
por la intervencion con VJA. Los resultados obtenidos mostraron que los participantes con
mayor porcentaje de grasa corporal alcanzaron valores menores de FC y VO, a las mismas
intensidades después de la intervencion, lo que se traduce en una mayor eficiencia durante
los esfuerzos submaximos. Esto se traduce en que los participantes con porcentajes de grasa
corporal mas altos tuvieron un mayor rango de mejora y, por lo tanto, es mas facil para
ellos lograr mejoras, mostrando disminuciones significativas en la FC y el VO2 a las
mismas intensidades submdximas después de la intervencion con VJA combinada con
ejercicio multicomponente. Estos resultados estdn respaldados por estudios previos que
consideran el efecto de los VJA en la condicion cardiorrespiratoria, aunque no hay ninguno
que determine la capacidad aerdbica con mediciones de respiracion a respiracion,
calorimetria indirecta y la prueba de esfuerzo maximo junto con mediciones de intercambio
de gases. Existen varios estudios que respaldan el uso de VJA para mejorar la condicién
cardiorrespiratoria en nifios con sobrepeso u obesidad. No hay evidencia cientifica que
compare los resultados en nifios en funcion de la grasa corporal y tampoco diferencian entre
sobrepeso y obesidad, pero un indicativo de que el porcentaje de grasa podria influir en las
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mejoras es que los estudios que investigan el uso de VJA para mejorar la condicion
cardiorrespiratoria en nifios con un peso saludable indican una baja efectividad, con
algunos que reportan efectos positivos (127,133,150) pero otros que no reportan efectos
(126,130,151). A la hora de revisar la concordancia de los resultados con la evidencia
cientifica actual, hasta el momento, solo 7 estudios han investigado los efectos de las
intervenciones de los VJA en la condicion cardiorrespiratoria de nifios/as y adolescentes
con sobrepeso u obesidad, y los resultados no estan claros. Varios estudios han evidenciado
un efecto o una mejora de la condicion cardiorrespiratoria equivalente al ejercicio
convencional (134,149,223). Otros, sin embargo, han reportado que una intervencion con
VIJA no ha tenido efectos en la capacidad aerdbica de los participantes (111,138,147,155),
lo que probablemente puede ser explicado por la baja intensidad del ejercicio y una
insuficiente duracion de la intervencion y/o frecuencia de entrenamiento, ademas de que el
método para valorar la condicion cardiorrespiratoria en todos los articulos fue un método
indirecto, y no una prueba de esfuerzo con medicion de intercambio gaseoso como se
realizoé en el presente proyecto. Cabe destacar que parece que algunos efectos de las
intervenciones con VJA en la composicion corporal, en concreto la disminucion de la grasa
corporal, pueden estar mediados por la mejora de la capacidad aerdbica (224). Por ultimo,
un estudio sin grupo control evidencid mejoras significativas en la condicion
cardiorrespiratoria en nifios/as obesos (143).

Asi mismo, los VJA tienen el potencial para mejorar la condicion muscular en
nifios/as prepuberales con sobrepeso u obesidad ya que, mientras que tanto el grupo de
intervencion con VJA y el grupo control mostraron un aumento de masa magra al tratarse
de poblaciones en crecimiento y en desarrollo sexual, el grupo de intervencion con VJA
mostré una mejora significativa en los test de fuerza, con un aumento significativo de la
altura de salto en el CMJ y de los kilos de fuerza en la dinamometria manual. Ademas,

tanto el grupo control como el grupo de intervencion con VJA mejoro6 la fuerza isométrica
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de extension de la rodilla, posiblemente debido al desarrollo de la masa magra como
consecuencia del desarrollo madurativo. Sin embargo, cuando los resultados se corrigieron
por el peso corporal, s6lo se encontraron mejoras significativas en la fuerza isométrica de
extension de la rodilla en el grupo de intervencion con VJA, lo que significa que la ganancia
de la fuerza isométrica de extension de la rodilla no se debid integramente al aumento del
peso corporal, a diferencia del grupo de control cuyos aumentos significativos
desaparecieron al dividir los resultados de fuerza isométrica de cuadriceps por el peso
corporal. Estos resultados parece que van en consonancia con la escasa evidencia cientifica.
Hasta la fecha, hay tan solo tres estudios sin grupos control que investigaron el efecto de
intervenciones con VJA en la condicion muscular, de los cuales dos a mostraron efectos
positivos (143,144) y uno report6 ausencia de efectos tras la intervencion con VJA (155),
probablemente por una insuficiente frecuencia de entrenamiento o duracion de la
intervencion. No obstante, la mejora en la competencia motriz del grupo VJA es bastante
considerable, por lo que dificilmente puede explicarse por el crecimiento y desarrollo de
los participantes.

La triada de la inactividad pediatrica es un enfoque conceptual novedoso que refleja
una crisis de salud publica en los nifios y adolescentes actuales y la condicion muscular
(36). A pesar de la contundencia de este concepto, que expresa la tendencia de los nifios a
ser mas débiles, menos agiles, mas lentos, menos activos y con mas sobrepeso, actualmente
no existen articulos enfocados a proponer soluciones o estrategias a esta realidad.

Siguiendo con los componentes de esa triada de la inactividad pediatrica, la
intervencion con VJA pretendio ser una propuesta disruptiva, como el titulo del proyecto
indica, que rompiera con ese déficit de AF que en la mayoria de los casos se da en los
nifios/as y adolescentes con sobrepeso u obesidad. Concretamente, con esta intervencion
con VJA se pretendia romper con esa dindmica de habitos poco saludables que componian
el circulo vicioso en el que estdn inmersos los nifios/as con sobrepeso u obesidad, en el que
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desarrollan dificultades para incrementar su AF debido a su CF y habilidad motriz
empeoradas, optando por comportamientos sedentarios durante su tiempo libre que suele
estar asociado a una mayor ingesta energética, favoreciendo un mayor desequilibrio
energético y un mayor desarrollo de la obesidad. Es por eso que a través de esta
intervencion con VJA se busca incrementar la AF del nifio/a, con el objetivo principal de
incrementar el gasto energético y desarrollar mayores preferencias o motivacion en la
participacion deportiva a través de una mejora de la CF y de la habilidad motriz. Los
resultados mostraron que la AF total y la AFL aumentaron significativamente en el grupo
de intervencion con VJA, pero no se observaron cambios en la AFM o en la AFV, aunque
se detect6 una tendencia de aumento de la AFM y AFV en el grupo de intervencion con
VJA. La importancia de este aumento significativo de la AFL radica en la oportunidad de
sustituir el tiempo sedentario por la AFL (225) para luchar contra la tendencia opuesta
(226), teniendo en cuenta la fuerte influencia que tiene la AFL en la salud cardiometabdlica
(225). Es importante destacar que el grupo de intervencion con VJA mostrd reducciones
significativas del tiempo de sedentarismo que, junto con los resultados del incremento de
AFL, implica un efecto muy positivo de la intervencién con VJA. Atendiendo a la evidencia
cientifica existente y a su concordancia con los resultados del presente proyecto, una
revision sistemdtica muy actual realizada por Gao y col. (227) concluyd que los VJIA
parecen ser una estrategia prometedora y atractiva para promover la AF en jovenes con
sobrepeso u obesidad. Otros meta-analisis informaron de que los VJA podrian ser una
buena alternativa para sustituir comportamientos sedentarios tales como el tiempo de
pantalla y podria ser una herramienta complementaria al ejercicio tradicional (114,115),
ademas del potencial que parece que tienen para ayudar a cumplir con las recomendaciones
de AF diaria (113). Mack y col. (228) apoyan el uso de los VJA como una herramienta
complementaria para incrementar la AF, afirmando también que el uso exclusivo de los

VIJA no consigue resultados satisfactorios, afirmacién que fue apoyada por otras revisiones
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(114,115,124), por lo que en este proyecto de investigacion de los VJA se decidié combinar
la intervencion de VJA con ejercicio multicomponente para potenciar los beneficios. En
definitiva, los VJA podrian ayudar a promover un estilo de vida mas activo y por tanto mas
saludable entre nifios/as con sobrepeso u obesidad (123), siempre que las sesiones con VJA
sean supervisadas y estructuradas (125). Bien es cierto que varias revisiones sistematicas
no apoyan esta eficacia de los VJA para incrementar los niveles de AF lo suficiente (229—
231), aunque esta ineficacia podria ser debida a un mal enfoque de las intervenciones con
VJA en los estudios incluidos en estas revisiones, realizadas sin supervision, con una
duracion o frecuencia insuficientes o con una muestra pequefia.

Abordando el Gltimo componente de la triada pediatrica de la inactividad, se observo
una notable mejoria en la_habilidad motriz del grupo de intervencion con VJA, pasando del
percentil 5 al percentil 22 tras la intervencion con VJA. Es necesario sefalar la gran
limitacion que supone no tener datos de habilidad motriz del grupo control, debido a la
poca disponibilidad de tiempo, material y evaluador. En consonancia con los resultados del
presente proyecto, la literatura cientifica ha evidenciado la efectividad de los VJA para
mejorar las habilidades motrices (141,232), e incluso una revision sistematica concluyo6 que
los VJA, utilizados como herramienta complementaria y no como Unica, puede ser una
buena estrategia para mejorar la competencia motriz en jovenes (166). Es por esta razon
que la intervenciébn con VJA que se planifico para el proyecto incluyo ejercicio
multicomponente para intentar sacar el maximo partido. A parte de la competencia motriz
real, medida a través de baterias validadas, existe también la competencia motriz percibida,
que es el nivel de habilidad motriz que un sujeto percibe de si mismo. Tanto la competencia
motriz real como la percibida se asocian positivamente con la motivacién para practicar
ejercicio fisico, con la realizacién de AF y con la participacion deportiva durante la infancia
y adolescencia, y se asocian inversamente con el tiempo de sedentarismo, el sobrepeso y la
obesidad (233,234), lo que es especialmente importante en los nifios y nifias con una grasa
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corporal elevada (235). Basandonos en la interrelacion de los componentes de la triada de
la inactividad pediatrica (36) (trastorno por déficit de ejercicio, dinapenia pediatrica y baja
habilidad motriz), un aumento de la competencia motriz podria conducir a un aumento de
la AF, que a su vez podria conducir a una mejora de la condicién muscular y de la
competencia motriz. Esta interrelacion también puede darse de forma inversa, de manera
que un empeoramiento de la competencia motriz puede llevar a un déficit de AF que
produzca un empeoramiento de la condicion muscular y de la competencia motriz. Este
proceso negativo ocurre en nifios/as que no desarrollan sus habilidades motrices de forma
normal y muestran una peor habilidad motriz, como en los nifios y nifias con sobrepeso u
obesidad (106). Esta habilidad motriz empeorada que suele detectarse en los nifios y nifas
con sobrepeso u obesidad se va progresivamente haciendo mas notable con el paso del
tiempo, alejandose cada vez mas de la habilidad motriz dptima, con todas las dificultades
que conlleva en cuanto a la adherencia al ejercicio y la mejora de la CF relacionada con la
salud.

Los participantes en este proyecto, nifios/as y adolescentes con sobrepeso u obesidad,
exhibieron un peor rendimiento tanto en la prueba de esfuerzo con la que se valoro la
condicion cardiorrespiratoria como en los test de fuerza, lo que va en consonancia con lo
que muestra la evidencia cientifica sobre una CF empeorada en nifios/as y adolescentes con
sobrepeso u obesidad (57-59,71). También se reportd un déficit de AF, que promueve ese
desequilibrio energético tan relacionado con la obesidad. También cabia esperar unos
peores resultados en habilidad motriz, ya que se correlaciona negativamente con un mayor
IMC, circunferencia de la cintura o de porcentaje de grasa corporal (101,102) y
positivamente con la condicidon cardiorrespiratoria y la condicion muscular (102—-104),
ademas de con la AF (103,105), por lo que si los participantes mostraron peores resultados
en todo lo anterior, es logico pensar que mostrardn también una habilidad motriz
empeorada, en consonancia con lo que se ha estudiado previamente (106).
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Con respecto al nivel de condicion cardiorrespiratoria de los participantes, se
obtuvieron valores medios de VOopico de 32,75 (DE + 5,90) mL/kg/min para el grupo VJA
y de 33,11 (DE + 6,18) mL/kg/min para el grupo control. Los nifios con sobrepeso y
obesidad que participaron en este estudio mostraron niveles bajos de FRC con un mayor
riesgo de problemas de salud debido a este bajo nivel de FRC en el 75% de los participantes,
segun los puntos de corte propuestos por Ruiz y col. (236). Ademas, el 67,9% de los
participantes se encuentran por encima del percentil 50 segin los puntos de corte en
nifios/as y adolescentes con obesidad de Johansson y col. (237), lo que significa que los
participantes de este estudio tenian una condicion cardiorrespiratoria superior a la media
de los datos normativos de nifios con sobrepeso u obesidad.

En cuanto a los niveles de condicion muscular, los participantes en este estudio
mostraron una elevada fuerza muscular maxima de extension de rodilla (Z-Score) (185) y
un alto rendimiento en el test de agarre de manos (percentil) (79), probablemente debido al
estimulo crénico producido por su exceso de peso, mientras que mostraron valores mas
bajos de altura de salto tanto en la medicion inicial como en la final, con resultados acordes
a los valores de referencia (238). Por tanto, los nifios con sobrepeso u obesidad pueden
cumplir la condicion de dinapenia pediatrica, uno de los componentes de la triada de
inactividad pediatrica (36), sobre todo si se tiene en cuenta la fuerza que requiera el
movimiento o desplazamiento del propio peso corporal, por lo que parece necesario apostar
por el entrenamiento de fuerza también en las intervenciones con nifios con sobrepeso y
obesidad. Los VJA podrian ser una estrategia interesante y prometedora para mejorar la
aptitud muscular y luchar contra la dinapenia pediatrica de los nifios con sobrepeso y
obesidad.

Los niveles de AF de los participantes fueron deficientes, ya que los resultados
mostraron que el 88,9% de los participantes no cumplieron con las recomendaciones de AF
diaria.
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Por ultimo, la puntuacién en el test para evaluar la habilidad motriz fue muy baja, y
los participantes se clasificaron en el percentil 5, lo que refuerza la idea de que los nifios/as
y adolescentes con sobrepeso u obesidad tienen una habilidad motriz peor en comparacion
con aquellos con peso saludable (106). Ademas, en ciertos test de fuerza, sobre todo los
que requieren el desplazamiento del propio peso corporal, la baja habilidad motriz
condiciona el rendimiento, como en los test de salto, por lo que hay que tenerlo en cuenta
a la hora de evaluar la fuerza en nifios/as con sobrepeso u obesidad.

Afortunadamente, la intervencion con VJA combinados con ejercicio
multicomponente produjo efectos positivos en la CF y la habilidad motriz de los
participantes, incrementando ademas su AF. Otro aspecto clave de la intervencion con VJA
de este proyecto fue la asistencia y adherencia al programa. Todos los participantes
asignados al grupo de intervencion con VJA completaron al menos el 80% de las sesiones,
mostrando una buena adherencia a esta intervencion VJA combinada con ejercicio
multicomponente. La alta asistencia de los participantes asignados al grupo de VJA y la
voluntad y el deseo de continuar con el programa de ejercicio a través de VJA mostraron
una alta motivacion para participar, puesto que el 100% de los participantes estaban

dispuestos a continuar con el programa.

6.1 Limitaciones y fortalezas

A continuacion, se van a exponer las diferentes limitaciones encontradas y

asumidas, asi como las principales fortalezas de esta Tesis Doctoral.

6.1.1 Limitaciones y fortalezas de las revisiones sistematicas

Se ha incluido una gran variedad de intervenciones de VJA, con diferentes
dispositivos e intervenciones de entrenamiento (duracion, frecuencia, entorno o dinamica

de entrenamiento y tipo de VJA), lo que dificulta el andlisis de todos los articulos en
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conjunto y la obtencion de resultados generalizados. Ademas, el riesgo potencial de sesgo
de algunos estudios no se tuvo en cuenta al interpretar los resultados. Por Ultimo, no se
realizaron algunos andlisis de subgrupos debido al reducido nimero de ensayos
controlados. La influencia del género, la demografia o la raza no se abordo6 en profundidad
porque los estudios no mostraron los resultados divididos por estas covariables.

Una fortaleza de estos meta-andlisis es que son los primeros meta-analisis que
resumen la investigacion actual sobre los efectos de la VJA en la aptitud fisica relacionada
con la salud y la competencia motora en nifios y adolescentes de peso saludable, incluyendo
no solo los efectos de la VJA sobre el IMC, sino también sobre la composicion corporal, la
condicion cardiorrespiratoria, la condicion muscular y la habilidad motriz. Ademas, el
hecho de que se haya hecho una revision sistematica con meta-analisis para nifios/as y
adolescentes con sobrepeso u obesidad y otra para nifios/as y adolescentes con peso
saludable, lo que permite diferenciar los resultados en funcion del estatus del peso, ya que
el exceso de grasa corporal puede afectar tanto a la intensidad alcanzada durante las
intervenciones, lo que producird respuestas diferentes en variables como la condicion
cardiorrespiratoria, como al efecto de las mismas en variables mas susceptibles al cambio

debido al exceso de tejido graso como puede ser el IMC o la grasa corporal.

6.1.2 Limitaciones y fortalezas del estudio VIDEOACTIVO

La principal limitacion fue el bajo nimero de participantes, especialmente en el grupo
control. Esto podria dificultar la busqueda de efectos de la propia intervencion, ya que en
algunas variables se observan tendencias que no son estadisticamente significativas,
probablemente por una potencia estadistica insuficiente. Otra limitacion importante es el
numero desigual de participantes en los grupos de VJA y de control. Esto se debio a la
dificultad en el proceso de reclutamiento, que hizo que se priorizara el grupo intervencion

en el primer afio de reclutamiento con el objetivo de completar el grupo control en el
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reclutamiento del segundo afo, por lo que se prorrogo a tres anos el proyecto debido a su
disefio cruzado y se hizo una aleatorizacion 2:1 en el primer afio de proyecto, como se ha
explicado anteriormente. No obstante, ante la paralizacion del proyecto durante el segundo
afio debido a la COVID-19, el numero de participantes asignados al grupo de intervencion
y al grupo control quedd desequilibrado al tener 21 nifios que realizaron la intervencion
con VJA el primer afio frente a 8 nifios/as que compusieron el grupo control, tras dos
perdidas en el grupo control. A esto se suma otra limitacion importante como es la ausencia
del grupo control para la competencia motriz. Aunque una mejora tan considerable en la
competencia motriz dificilmente puede explicarse solo por el crecimiento y desarrollo de
los nifios, es necesario considerar la ausencia de datos del grupo de control para esta
variable. También podria haber sido interesante valorar la autopercepcion de habilidad
motriz o competencia motriz percibida.

En cuanto al calculo del gasto de energia, se midi6 el gasto energético global de cada
dispositivo, pero no se inform6 de las mediciones de cada juego utilizado en cada VJA.
Informar de las kilocalorias gastadas por cada juego utilizado en cada VJA habria sido
interesante para saber cual de ellos era el que mas energia consumia para cada dispositivo.
A esto se le afiade que el gasto energético se midio con los datos de la FC a través de los
datos de la prueba de esfuerzo méximo, ya que no se disponia de un analizador metabodlico
portatil. A pesar de no disponer de analizadores metabolicos portatiles, el célculo
individualizado del gasto energético a través de los datos de la prueba de esfuerzo y de la
FC medida durante las sesiones fue un método fiable y efectivo (191,193), incluso en nifios
(239). De esta manera, fue posible medir el gasto energético de un gran nlimero de sesiones
y participantes.

En cuanto a las fortalezas del estudio, una gran fortaleza fue la gran variedad de VJIA
investigados. Ademas, en las sesiones con VJA se incluyeron el Ring Fit Adventures y el

BKOOL, dos dispositivos novedosos que ofrecen oportunidades y posibilidades de
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aumentar significativamente el gasto energético en nifios con sobrepeso u obesidad. El
BKOOL destaca por su interactividad, el control de la carga y su carga aerdbica; y el Ring
Fit destaca por su jugabilidad y su enfoque hacia el ejercicio fisico y el fitness, con
ejercicios especificos, entrenando con autocargas o cargas externas y con ejercicios
determinados incluyendo una explicacion grafica.

Es importante destacar que la intervencion de VJA en este estudio se combind con
ejercicio multicomponente, lo que nos permitié no s6lo aumentar el gasto energético total
de las sesiones, sino también comparar el gasto en las diferentes VJA con el gasto durante
el gjercicio. Cierto es que la combinacion con ejercicio multicomponente tiene la limitacion
intrinseca de la dificultad de diferenciar el estimulo que produce el efecto positivo,
imposibilitando saber si ha sido por los VJA o por el entrenamiento multicomponente,
aunque es verdad que pasaban mucho mas tiempo en los VJA que en las transiciones activas
con ejercicio.

Otra fortaleza metodoldgica es la realizacion de una prueba de esfuerzo maxima con
analizador de gases, siendo el primer estudio en evaluar el efecto de los VJA en la condicion
cardiorrespiratoria de una forma tan precisa y directa.

Por ultimo, la principal fortaleza de esta intervencion con VJA fue que la intervencion
fue supervisada y estructurada, con una frecuencia (tres sesiones semanales y 60 minutos
por sesion) similar o superior a la de otras intervenciones que reportaron beneficios y con
una duracién cercana a la necesaria para lograr resultados positivos (5 meses), lo cual
facilito que se observaran efectos positivos. Es reseiable que esta intervencion fue disefiada
y supervisada por profesionales de la AF y graduados en educacion fisica, con la capacidad

suficiente para dinamizar las sesiones.
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7. Conclusiones

o Articulo I. Los videojuegos activos parecen ser una herramienta eficaz para mejorar
la aptitud fisica relacionada con la salud y son una herramienta prometedora para mejorar
la competencia motora en nifios y adolescentes con sobrepeso u obesidad, por lo que
parecen ser una buena estrategia para luchar contra la obesidad infantil, con efectos
positivos sobre el indice de masa corporal y el porcentaje de grasa corporal, mejoras en la
condicion cardiorrespiratoria e incluso posibles mejoras en la habilidad motriz, aunque se
necesitan mas investigaciones para confirmar esta Ultima idea. Los efectos de los
programas de videojuegos activos sobre la aptitud muscular o la masa libre de grasa ain no
estan claros.

o Articulo II. Los videojuegos activos parecen ser una buena estrategia para mejorar
algunos componentes de la aptitud fisica relacionada con la salud, controlando el indice de
masa corporal y el porcentaje de grasa corporal, y mejorando la condicion
cardiorrespiratoria siempre que las intervenciones de videojuegos activos estén
supervisadas y estructuradas, y duren al menos 18 semanas; y parecen ser una herramienta
prometedora también para mejorar la habilidad motriz y la aptitud muscular en nifios y
adolescentes con peso saludable, lo que podria ser importante para combatir la triada de la
inactividad pediatrica, aunque se necesita mas investigacion.

o Articulo III. Una intervencion de videojuegos activos estructurada y supervisada,
combinada con ejercicio multicomponente, es una estrategia eficaz para producir actividad
fisica de intensidad moderada y aumentar el gasto energético en nifios y adolescentes con
sobrepeso y obesidad. Ring Fit Adventures es una herramienta prometedora para aumentar
el gasto energético, superando el gasto energético de los otros videojuegos activos

exceptuando el BKOOL. El gasto energético parece ser mayor en nifios que en nifias, pero
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estas diferencias podrian deberse en parte a las disparidades en el peso corporal. En
definitiva, los videojuegos activos son una herramienta innovadora e interesante que puede
incrementar en gasto energético y por tanto ayudar a luchar contra la obesidad infantil y
sus futuras consecuencias, actuando sobre el balance energético.

e Articulo IV. Una intervencién de 5 meses usando videojuegos activos combinada
con un entrenamiento multicomponente tiene efectos positivos sobre la aptitud muscular y
la habilidad motriz. Ademas, esta intervencion es una estrategia potencial para aumentar la
actividad fisica y disminuir el tiempo de sedentarismo, pero su capacidad para aumentar la
actividad fisica de intensidad moderada-vigorosa no esta clara. De esta manera, los
videojuegos activos combinados con el ejercicio multicomponente son una estrategia util
para mejorar algunos componentes de la triada de inactividad pediatrica y, gracias al
incremento de actividad fisica, romper con el estilo de vida obesogénico en nifios/as con
sobrepeso u obesidad.

o Articulo V. Una intervencion de 5 meses con videojuegos activos combinada con
gjercicio multicomponente parece tener efectos positivos sobre la condicién
cardiorrespiratoria a intensidad submaxima, mostrando valores mas bajos de frecuencia
cardiaca y consumo de oxigeno a las mismas intensidades, y porcentajes mas bajos de
consumo de oxigeno segun los valores individuales del pico de consumo de oxigeno. El
porcentaje de grasa corporal y la puntuacion Z del indice de masa corporal también se
redujeron después de la intervencion con videojuegos activos. Ademads, se encontraron

mayores mejoras en los niflos con mayor porcentaje de grasa.

7. Conclusions

e Manuscript I. Active videogames seem to be an effective tool to improve health-

related physical fitness and is a promising tool for improving motor skills in children and
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adolescents, with positive effects on body mass index and body fat percentage,
improvements in cardiorespiratory fitness and even possible improvements in motor skills,
although more research is needed to confirm this last point. The effects of interventions
with active videogames on muscle fitness or fat-free mass are not yet clear.

e  Manuscript II. Active videogames seem to be a good strategy to improve
some components of health-related physical fitness, controlling the body mass index status
and body fat percentage, and enhancing cardiorespiratory fitness as long as interventions
with active videogames are supervised and structured, and last at least 18 weeks; and also
seem to be a promising tool to improve motor skills and muscle fitness in healthy-weight
children and adolescents, which could be important in combating the triad of paediatric

inactivity, although more research is needed.

e Manuscript IIl. A structured and supervised intervention using active videogames
combined with multi-component exercise is an effective strategy to produce moderate-
intensity physical activity and to increase the energy expenditure in children and
adolescents with overweight and obesity. Ring Fit Adventures is a promising tool to
increase energy expenditure, exceeding the energy expenditure of the other active
videogames except BKOOL. The energy expenditure seems to be higher for boys in
comparison with girls, but these differences might be partially due to disparities in body
weight. In short, active videogames are an innovative and interesting tool that can increase
energy expenditure and therefore help to fight childhood obesity and its future
consequences by improving the energy balance.

e Manuscript IV. A 5-month intervention of active videogames combined with
multicomponent training has positive effects on muscle fitness and motor skills.
Furthermore, this intervention is a potential strategy to increase light physical activity and

decrease sedentary time, but its ability to increase moderate-to-vigorous physical activity
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is unclear. Thus, active videogames combined with multicomponent exercise seem to be a
useful strategy to improve some components of the pediatric inactivity triad and, thanks to
the increase in physical activity, to break the obesogenic lifestyle of overweight or obese
children.

e Manuscript V. A 5-month intervention using active videogames combined with
multicomponent exercise has positive effects on cardiorespiratory fitness at submaximal
intensity, showing lower heart rate and oxygen consumption values at the same intensities
and lower percentages of oxygen consumption according to their individual peak values of
oxygen consumption. The body fat percentage and the z-score of body mass index were
also reduced after the active videogames intervention. In addition, greater improvements

were found in children with the highest fat percentage.
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8. Aportaciones principales de la tesis

La aportacion principal de esta tesis es la evidencia de la efectividad de los VJA para
mejorar la condicidn fisica en nifios/as con sobrepeso u obesidad. Una intervencion con
VIJA es eficaz para mejorar la composicidon corporal, condicion cardiorrespiratoria en
intensidades sub-maximas y fuerza muscular. Los VJA pueden ser también una buena
estrategia para mejorar la habilidad motriz e incrementar la actividad fisica, aumentando el
gasto energético.

Esta aportacion se traduce en la posibilidad de alianza con las nuevas tecnologias en
vez de luchar contra ellas ya que esta tesis ha evidenciado los beneficios de los VJA para
sustituir comportamientos sedentarios promovidos por la sociedad tecnoldgica actual. Los
VJA son una oportunidad de aprovechar las preferencias de los jovenes por el ocio de
pantalla con el objetivo de incrementar el gasto energético y afrontar el problema mundial

de la obesidad infantil.
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9. Futuras lineas de investigacion

Las futuras lineas de investigacion derivadas de los estudios que componen esta Tesis
Doctoral se pueden dividir en varios apartados: a) disefar intervenciones que saquen el
maximo partido a los VJA, b) disefiar nuevos VJA enfocados a la mejora de la CF,
especialmente la mejora de condicidon cardiorrespiratoria y fuerza, ademds de la
composicidn corporal en nifios/as y adolescentes con sobrepeso u obesidad, con estimulos
e intensidades suficientes y adaptados por edades, que sean atractivos y motivantes, c)
desarrollar propuestas de intervencion con VJA para prevenir o tratar la triada pediatrica
de la inactividad.

En base a los resultados y conclusiones obtenidas durante la investigacion de VJA,
en la que se ha observado que los VJA parecen ser efectivos y tienen potencial para mejorar
la CF y la habilidad motriz en poblacion infantil con sobrepeso u obesidad, el siguiente
paso es sacar el maximo partido a esta herramienta con disefios de intervenciones con VJA
que busquen optimizar los resultados en cuanto a la mejora de la CF y habilidad motriz, y
especialmente con nifios/as y adolescentes con sobrepeso u obesidad. Una propuesta puede
ser la implementacioén de un disefio como el del presente proyecto, con una combinacioén
con ejercicio multicomponente que te asegure un estimulo suficiente en busca de la mejora.
Es la primera vez que se hace una intervencion de este tipo, combinando VJA con
entrenamiento multicomponente mas convencional, por lo que se necesitarian mas articulos
con muestras mas amplias, equitativas entre grupos y con una metodologia cientifica y
protocolos adecuados para saber realmente el potencial de estas intervenciones. Es
necesario cuantificar la mejora en la composicion corporal, condicion cardiorrespiratoria y
fuerza muscular tras la realizacion de la intervencioén con VJA, pero también la intensidad,

el gasto energético, la adherencia, el disfrute y la motivacion de la propia intervencion.
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Otra posible futura linea de investigacion es el disefio de nuevos VJA cuyo objetivo
principal sea la realizacion de ejercicio fisico para nifos/as, similar al Ring Fit Adventures
pero totalmente pensado para nifios, incluso con diferentes herramientas, como mancuernas
o lastres, gomas elasticas de fortalecimiento, steps, balon medicinal... a parte del aro de
fortalecimiento. La idea es combinar las dindmicas de Kinect Adventures, Wii Fit y Ring
Fit Adventures para crear VJA adecuados para cada grupo de edad con los que se busque
maximizar la dosis de ejercicio de una forma lidica y atractiva, e incluso de esta manera
no seria tan necesario combinar los VJA con ejercicio de tipo convencional ya que los VJA
supondrian el estimulo suficiente. Cabe destacar que, una de las principales limitaciones de
la mayoria de los VJA, que de forma innovadora ha solventado el Ring Fit Adventures es
un estimulo de fuerza con autocargas o cargas externas.

Para terminar, y en relacion a la tltima idea, en esta tesis se le ha otorgado bastante
importancia al concepto de triada pediatrica de la inactividad. Primeramente, aunque este
concepto esta definido, no se han identificado puntos de corte o datos normativos para
determinar si se cumple la triada de la inactividad pediéatrica, es decir, la dinapenia y el
analfabetismo fisico pediatrico. Una gran aportacion a la investigacion futura seria la
posibilidad de detectar esta triada pediatrica de la inactividad en la consulta del pediatra a
través de pruebas sencillas que podrian realizarse en la propia consulta. Por otro lado, una
de las posibles estrategias para intentar hacer frente a este problema de la infancia son las
intervenciones con VJA, aunque para que sean efectivas deberan ser optimizadas con las
dos propuestas anteriores: combinando la intervenciéon de VJA con entrenamiento
multicomponente convencional o disefiando nuevos VJA que aborden el fortalecimiento
muscular y la habilidad motriz, ademas de incrementar notablemente la AF. Cabe destacar
que los VJA parecen ser bastante efectivos para mejorar la habilidad motriz, aunque de
momento no se ha podido realizar un andlisis cuantitativo. No obstante, futuras

investigaciones podrian centrarse en los efectos de los VJA en la habilidad motriz, ya que,
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aunque no forma parte de los componentes de la CF, se ha visto su estrecha relacion con
una buena CF, con la AF y participacion deportiva y con la salud y el correcto desarrollo
fisico durante la infancia y adolescencia. Aunque necesita ser investigado, parece que los
VJA mas efectivos para la mejora de la habilidad motriz son aquellos que requieren mucho
movimiento y de diferente tipo: desplazamientos, saltos, lanzamientos, golpeos... En
relacion con esta idea, otra futura linea de investigacion podria ser la incorporacion de VIA
como tarea escolar en EF o en actividades extraescolares para captar a esta poblacion
infantil con dificultades motoras, debilidad muscular, un déficit de AF y con rechazo al
ejercicio fisico y baja adherencia a las actividades deportivas. El objetivo principal seria
romper con esa actividad fisica y rechazo al ejercicio fisico a través de un programa de
ejercicio fisico con VJA que mejore la fuerza muscular y la habilidad motriz; esta mejora
podréa conducir a un incremento en la AF y a una mayor adherencia a otras actividades
deportivas.

Parece que los VJA tienen mucho potencial en cuanto a la promocion de AF y a la
mejora de la CF y la habilidad motriz, lo que se traduce en una infancia mas saludable. Sin
embargo, se debe continuar investigando para sacar el maximo partido a esta herramienta
con la idea de buscar una alianza con las nuevas tecnologias en lugar de intentar luchar
contra ellas, ya que muchas actividades ludicas de los jovenes tienen relacion con las
tecnologias y las pantallas. La sociedad est4 evolucionando hacia una sociedad tecnologica

y puede ser que el ejercicio fisico también necesite esta evolucion.

Por ultimo, y yendo mas alla del proyecto de tesis, al observar el estimulo provocado
por los VJA de mayor intensidad, se ha planteado la utilizaciéon de los mismo en otros
ambitos. Concretamente, se estd implementando un protocolo de ejercicio con el Ring Fit
Adventures como un test de cribado para la deteccion de déficit de hormona de crecimiento.

En este test, el/la nifio/a acude al Hospital Clinico Universitario Lozano Blesa en ayunas.
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Antes de comenzar el test de ejercicio, se extrae un tubo de sangre para el posterior analisis.
A continuacidn, se realiza el test de ejercicio de aproximadamente 20 minutos, utilizando
el videojuego activo Ring Fit Adventures y se coloca una banda de frecuencia cardiaca para
registrar la frecuencia cardiaca con el objetivo de controlar la intensidad del ejercicio. Tras
la finalizacion del test de ejercicio, se extrae un segundo tubo de sangre para el posterior
andlisis. De esta manera vemos que los VJA como herramienta de ejercicio fisicono deben

limitarse a un tipo de poblacion, sino que pueden tener multitud de posibilidades.
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11. Apéndice

11.1 Caracteristicas de las revistas [Journal characteristics]

Factor de impacto y clasificacion de cada revista en el “ISI Web of Knowledge —
Journal Citation Reports” dentro de sus areas correspondientes.
[Impact factor and ranking of each journal in “ISI Web of Knowledge — Journal

Citation Reports” within their subject categories.]

Articulos publicados [Published manuscripts]

Factor de
impacto
Articulo Revista [Impact
[Manuscript] [Journal] factor]
L IIL IV International Journal of Environmental Research and 4.614
Public Health
JCR 2021 (Public, environmental & occupational health - Social
Sciences Citation Index): 45/182 — Q1
ILV JMIR Serious Games 3,364

JCR 2021 (Public, environmental & occupational health - Science

Citation Index Expanded): 103/210 — Q2
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11.2 Contribucién de la doctoranda en el proyecto EXERGAMES

El proyecto de VIDEOACTIVO se puso en marcha justo con la contratacion de la
doctoranda, por lo que ha podido participar en cada una de las fases de desarrollo del
proyecto, tanto en la preparacion del proyecto con el reclutamiento y la preparacion de los
materiales y las sedes donde se realizard la intervencion, como en el desarrollo de las
valoraciones y de la intervencion, con la posterior exportacion de datos y creacion de la
base de datos para la difusion de los resultados. No obstante, cabe destacar que el grupo de
investigacion llevaba trabajando un par de anos previamente con VJA, desarrollando el
proyecto piloto en un colegio de Utebo (Zaragoza) en el que se entrend a 8 niflos con
sobrepeso u obesidad de 9 a 11 afios durante cinco meses con la Nintendo Wii ®, y
encontrando mejoras significativas en la masa libre de grasa, la dinamometria de brazo
derecho, el porcentaje de grasa, y en la densidad mineral dsea y contenido mineral dseo.

Las diferentes tareas de la doctoranda incluyeron la adquisicion de los materiales
para el desarrollo de la intervencion, adecuacion de los espacios de las dos sedes (Pabellon
universitario en el Campus Plaza San Francisco y el Colegio Publico San Braulio),
reclutamiento tanto en el primer como en el segundo afio de proyecto contactando con las
familias facilitadas desde los hospitales y centros médicos, realizacion de las reuniones
informativas en colegios y centros médicos, reuniones informativas a los participantes
potenciales, planificacion y desarrollo de las sesiones de intervencion con VIJA,
dinamizacion de las sesiones, la planificacion de diferentes pruebas o mediciones a realizar
tanto en la evaluacion inicial como en el resto de evaluaciones, la recogida y exportacion
de datos, la confeccion de las bases de datos incluyendo hasta cuatro evaluaciones, y el
analisis de los datos obtenidos. Una vez obtenidos los datos de las mediciones, la
doctoranda confeccion¢ la base de datos y verifico la ausencia de errores de manera previa

al comienzo de los diferentes analisis llevados a cabo. A partir de dichos analisis, se han
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elaborado diferentes articulos que componen parte de la presente Tesis Doctoral. Las tareas
de divulgacion en congresos y la realizacion de publicaciones cientificas también ha sido

otra de las contribuciones de la doctoranda.
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donde te propongas.

A Angel Ivdn, es una suerte tener un compafiero con tu vitalidad y dinamismo, que
ademas es contagioso. Siempre estas dispuesto a ayudar y siempre con una sonrisa y muy
buena energia.

A Jorge Subias, llegaste con muchisima energia y ganas de hacer. Gracias por tu
ayuda en cualquier cosa que hemos necesitado. Ademas, otro oscense en el grupo siempre
da juego.
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A Irina y Konstantinos, la incorporacion internacional al grupo. Tenéis una alegria
y entusiasmo por la ciencia envidiable. Vuestra actitud proactiva es contagiosa. La
experiencia del congreso de Méjico fue increible gracias a que la comparti con vosotros.

A Dani, la nueva incorporacion. Tienes mucho talento y muy buenas ideas. Sigue
trabajando porque todo esfuerzo tiene su recompensa, y con tu perseverancia y tu
inteligencia vas a conseguir lo que quieras. Gracias por estar ahi, mano a mano conmigo
en las sesiones del proyecto, no podria haber tenido un compafiero mejor y de total
confianza.

Una mencién especial a Lorena, mi compafiera de proyecto, con quien hemos
sacado adelante las sesiones, trabajando y dejandonos la piel. Siempre dispuesta a ayudar
y preocupada por los demaés. Gracias por esos descansos, charlas para evadirnos y descargas
de frustraciones.

También me gustaria agradecer a Luis A. Moreno y a mis compaieras/os de la parte
de nutriciéon del grupo de investigacion GENUD por apoyarme y ayudarme durante estos
afios y por la oportunidad de aprender de un grupo con tanto prestigio y que tanto aporta a
la comunidad cientifica, es un honor pertenecer a GENUD.

I would like to express my gratitude and thank Professor Yannis Pitsiladis, Dr
Fergus Guppy and Dr Ifigeneia Giannopoulou, for welcoming me so warmly and
supporting me during my staying in Brighton. I must address that their expertise broadens
my knowledge and honed my skills as a researcher. I would also like to thank them for
giving me the opportunity to participate in their novel projects, which has led to
presentations in a very prestigious international Congress in Mexico (FIMS), and will lead
in at least one more publication.

Maria, you have a huge heart and you are a marvellous researcher. Thank you so
much for welcoming me so warmly when I was in Brighton. I felt like a part of the family.

It has been a pleasure working hard with you, testing, researching, solving problems but
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also laughing and having coffees that were the best medicine. Thank you for all you have
done for me and for helping me to get used to a new country. I have learned so many things
from you that helped my professional and personal development. You are a brilliant
researcher and you will achieve whatever you propose.

Blair, the first time we met, [ was really scared because I didn't understand a single
word you said and you spoke very fast, but as I told you over beers the last day, I ended up
understanding you perfectly. Thanks for all the science times and also for all the beer and
karaoke times. It was a lot of fun doing science with you and learning from you. I'll take
you with me to CrossFit. You are cool and a spectacular researcher and you will succeed
in everything you want to achieve.

No me podia olvidar de la otra gran parte de mi vida que me ha acompafiado y
apoyado en esta importante etapa de mi vida.

A mis padres, gracias por la paciencia que siempre habéis tenido y vuestro amor
incondicional. Me habéis apoyado e impulsado, y siempre habéis estado ahi, en las buenas,
pero sobre todo en las malas. Soy lo que soy gracias a vosotros, y creo que no habra
suficientes palabras para expresar mi gratitud.

A mi hermano, aunque eres el pequefio, me has ensefiado mucho. Admiro mucho
tu fortaleza, y aunque no eres muy expresivo ni carifoso, s¢ que el choque de pufios
simboliza lo mucho que nos queremos.

A mis perros, siento verdadero amor incondicional hacia vosotros. Por raro que
parezca, con vosotros tengo un sentimiento de madre que hace que pueda hacer lo que sea
por vosotros. Sois todo bondad y amor. Me habéis estado acompafiando durante todo
camino y me habéis apoyado a vuestra manera. Tener un dia malo y que se te olvide
totalmente con un abrazo o un momento de relax tumbada con vosotros solo lo entienden
las personas que tienen perro. Veros correr me da una alegria y una energia que no se puede
explicar. Os quiero.
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A mis Yayos Mari y Carlos, siempre habéis estado apoyandome, preocupados por
mi, cuiddndome, mimandome y haciendo lo imposible para que estuviera lo mejor posible.
Gracias por acompaiarme, no solo en este camino, sino durante toda mi vida, velando por
mi. Yaya, nos queremos infinito, a quien le guste bien, y a quien no ...

A mis Yayos Arturo y Amparo, aunque el yayo ya no esté, siempre me ha cuidado
y me ha querido mucho. Yaya, gracias por darme tanto amor, preocuparte tanto por mi y
cuidarme tanto. Eres una persona que siempre esta pendiente de que todos estén bien y para
ti la familia es intocable, nos cuidas y nos quieres a todos. Eres alegria y bondad toda tu.

A mis tios, tias, primos y primas, las cenas y comidas familiares, o simplemente
una quedada son momentos que disfruto mucho y que son vitamina para el cuerpo. Gracias
por todo el apoyo que me habéis dado en todo momento y todo el amor que he sentido por
vuestra parte.

A mis chicas de Huesca Pata, Andrea, Ana, Marta, Alicia, Maria, Isabel,
Gabriela e Irene Nunca he disfrutado tanto el baloncesto como jugando con vosotras. Sois
increibles, tanto dentro de la pista, luchando, esforzdndonos y trabajando en equipo, como
fuera con nuestras salidas, cenas, nuestras quedadas... Una mencion especial para mis
cuatro nenas Anita la vicepresi, Andrea la princesa, Patri la capi y Marta la andaluza
maruja, no sabéis bien lo que significa para mi que forméis parte de mi vida, y habéis hecho
mucho mads de esta tesis de lo que os pensais, porque me dais la energia que necesito, sois
la chispa. Cada momento vivido con vosotras ha sido especial y me hacéis verdaderamente
feliz. Dicen que los amigos son la familia que se elige, y creo que no he podido elegir mejor.
Por todo lo que hemos vivido y lo que nos queda por vivir, gracias. Os quiero.

A mi gente de Cierzo y a mi equipo de OCR Aragon, habéis sido mi escape, mi
respiro mental. El ambiente en el box es ideal y la gente es muy simpdtica y agradable. No
es solo ir a entrenar, es cuidar la salud fisica y mental, y salir tras un buen entreno como en
una nube. Sois mi segunda casa. Gracias a mi equipo de OCR Aragon por ensefiarme a
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afrontar obstaculos y si tienes miedo de intentar algo, ensefiarme a intentarlo con miedo.
Quiero agradecer especialmente a David todo su apoyo, su ayuda y todo lo que ha hecho
por mi. Gracias por transmitirme ese espiritu luchador y de superacion y por ensefiarme a
afrontar los problemas de una mejor manera y con mas calma. Te “aguanté” el ritmo en el
primer entreno y te lo voy a intentar aguantar en todos los que nos quedan.

A mi gente de halterofilia, con los que he compartido entrenos que me han liberado
mucho la mente. Tengo unos compaferos y amigos con los que compartir entrenos de
hierros, &nimos y grabaciones, pero también cafés y quedadas. Cada triunfo individual es
un triunfo para todos. Gracias especialmente a mis entrenadores Dani y Nekane, por
transmitirme esa constancia y disciplina, clave para conseguir cualquier cosa en la vida.
Gracias por tener confianza en mi y por contagiarme esa motivacion y esa energia.

A Clara, porque, aunque no nos vemos mucho, sé que estas ahi, y siempre vas a
estar. Nuestros cafés para ponernos al dia son como un chute de energia. Gracias por tu
apoyo.

A Yai, mi vegana favorita, fuertocha y decidida. Muchas gracias por entenderme,
porque poca gente es tan sensible con los animales y tiene tanta bondad.

A Carmen y Pilar, amigas de la infancia, desde siempre y para siempre. Nuestras
quedadas para ponernos al dia me animan el corazén. Muchas gracias por estar siempre
para escucharme y apoyarme. Las personas vienen y van pasando por tu vida, pero sé que
vosotras vais a estar ahi siempre. Parte de esta tesis es gracias a vosotras. Quien nos iba a

decir en primaria que ibamos a conseguir cosas tan chulas. Os quiero.
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13. Material suplementario incluido en los articulos de la Tesis

Doctoral

13.1 MATERIAL SUPLEMENTARIO ARTICULO 1

Table S1: PRISMA 2020 item Checklist

. Location
Sec_tmn and Item Checklist item where item is
topic # X ¥

reported

Title
Title 1 Identify the report as a systematic review. 1
Abstract
Abstract 2 1and2
Introduction
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 3and 4
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review 4

addresses.
Methods
Eligibility 5 Specify the inclusion and exclusion criteria for the review and how studies were 5
criteria grouped for the syntheses.
Information 6 Specify all databases, registers, websites, organisations, reference lists and other 4
sources sources searched or consulted to identify studies. Specify the date when each

source was last searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers and websites, including 4

any filters and limits used.
Selection 8 Specify the methods used to decide whether a study met the inclusion criteria of 5
process the review, including how many reviewers screened each record and each report

retrieved, whether they worked independently, and if applicable, details of

automation tools used in the process.
Data collection 9 Specify the methods used to collect data from reports, including how many 5
process reviewers collected data from each report, whether they worked independently, any

processes for obtaining or confirming data from study investigators, and if
applicable, details of automation tools used in the process.

Data items 10a  List and define all outcomes for which data were sought. Specify whether all 6
results that were compatible with each outcome domain in each study were sought
(e.g. for all measures, time points, analyses), and if not, the methods used to decide
which results to collect.

10b  List and define all other variables for which data were sought (e.g. participant and 6

intervention characteristics, funding sources). Describe any assumptions made
about any missing or unclear information.

Study risk of 11 Specify the methods used to assess risk of bias in the included studies. including 5

bias details of the tool(s) used, how many reviewers assessed each study and whether
assessment they worked independently, and if applicable. details of automation tools used in
the process.
Effect 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) 6
measures used in the synthesis or presentation of results.
Synthesis 13a  Describe the processes used to decide which studies were eligible for each 6
methods synthesis (e.g. tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).
13b  Describe any methods required to prepare the data for presentation or synthesis, 6
such as handling of missing summary statistics, or data conversions.
13¢  Describe any methods used to tabulate or visually display results of individual 6
studies and syntheses.
13d  Describe any methods used to synthesise results and provide a rationale for the 6

choice(s). If meta-analysis was performed, describe the model(s), method(s) to
1dentify the presence and extent of statistical heterogeneity, and software
package(s) used.

13e  Describe any methods used to explore possible causes of heterogeneity among 6
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study results (e.g. subgroup analysis, meta- regression).

13f  Describe any sensitivity analyses conducted to assess robustness of the synthesised NS
results.
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a NS
assessment synthesis (arising from reporting biases).
Certainty 15 Describe any methods used to assess certainty (or confidence) in the body of 6
assessment evidence for an outcome.
Results
Study selection 16a  Describe the results of the search and selection process, from the number of 6 and 7
records identified in the search to the number of studies included in the review,
ideally using a flow diagram (see fig 1).
16b  Cite studies that might appear to meet the inclusion criteria, but which were NS
excluded, and explain why they were excluded.
Study 17 Cite each included study and present its characteristics. 9to 17
characteristics
Risk of biasin 18 Present assessments of risk of bias for each included study. 7 and 8
studies
Results of 19 For all outcomes, present, for each study: (a) summary statistics for each group 8to 15
mdividual (where appropriate) and (b) an effect estimate and its precision (e.g.
studies confidence/credible interval), ideally using structured tables or plots.
Results of 20a  For each synthesis, briefly summarise the characteristics and risk of bias among 7,8 and 16
syntheses contributing studies.
20b  Present results of all statistical syntheses conducted. If meta-analysis was done, 16 to 24
present for each the summary estimate and its precision (e.g. confidence/credible
interval) and measures of statistical heterogeneity. If comparing groups, describe
the direction of the effect.
20c  Present results of all investigations of possible causes of heterogeneity among 17 to 24
study results.
20d  Present results of all sensitivity analyses conducted to assess the robustness of the NS
synthesised results.
Reporting 21 Present assessments of risk of bias due to missing results (arising from reporting NS
biases biases) for each synthesis assessed.
Certainty of 22 Present assessments of certainty (or confidence) in the body of evidence foreach ~ NS
evidence outcome assessed.
Discussion
Discussion 23a Provide a general interpretation of the results in the context of other evidence. 17 to 24
23b  Discuss any limitations of the evidence included in the review. 17 to 24
23c  Discuss any limitations of the review processes used. 25
23d  Discuss implications of the results for practice, policy, and future research. 25 and 26
Other information
Registration 24a  Provide registration information for the review, including register name and 4
and protocol registration number, or state that the review was not registered.
24b  Indicate where the review protocol can be accessed, or state that a protocol was not NS
prepared.
24c  Describe and explain any amendments to information provided at registration or in NS
the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role 26
of the funders or sponsors in the review.
Competing 26 Declare any competing interests of review authors. 26
interests
Availability of 27 Report which of the following are publicly available and where they can be found: NS

data, code, and
other materials

template data collection forms; data extracted from included studies; data used for
all analyses; analytic code; any other materials used in the review.
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Table S$2: Descriptive characteristics of included non-controlled trials

Participants
Study Intervention Training Variables and test used Outcomes
N Years
Body weight
Period: 4 weeks BMT o ) )
=17 A significant improvement in
Argarini et Frequency: 3 sessions vertical jump was observed.
al., 2020 male (7) 830+ 1.55 Xbox Kinect per week There was also significant
[67] T decline on body weight, BMI,
female (10) Duration: 3040 mint %BF* (Skin thickness) and %BF.
per session
MCE (catch, vertical jump
and kick)
BMI
%BF There were improvements in
quadriceps muscle strength,
o muscle endurance test (sit-ups)
Period: 8 weeks and flexibility. The body
Huane et n=10 Frequency: fwo MF?" (one-minute half sit- composition showed a slight
8 Nintendo Wii quency: up test and handheld improvement during the
al., 2017 80+1.8 . sessions per week . .
[ 3] male (8) : : and Xbox Kinect dynamometer: quadriceps midterm of the program, but
female (2) Duration: 60 mi X in seated position and the effect was not maintained
uration: 69 min per hamstrings prone position) | throughout the program. There
session was no significant change on
hamstring muscle strength and
CRF
CRF? (20-m shuttle run
test)
Flexibility (sit and reach)
BMI
FM! (triceps skinfold
thickness)
TEAVG: TE+AVG showed decreases in
=50 Callisthenic and Period: 8 weeks s N
Duman et N isferic @ Waist circumference BMI, FM and waist
al., 2016 1216+ aerobic CRCLCISTS circumference; TE+AVG
T male (21) 0.99 for 20 min + Frequency: 3 days per O
[63] B N showed higher CRF and MF
female (29) AVG for 25 week y :
- (performance in all tests)
minutes
CRF
MF (50-m run, squats in
120 seconds, time up and
down 20 stairs and jumps
over a rope in 30 seconds)
BMI
EXE+AVG: a
combination of Period: 12 weeks .
. - ‘Waist circumference
— s circuit-based Jaist circumfer 4
Calcaterra s aerobics Frequency: twice a BMEI waist clreumierence an
etal. 2013 1323+ strength al:ld wee‘k %BF decreased significantly;
[g 5'] male (13) 1.76 resistance CRF and MF improved
o . . S
female (9) exercises with Duration: 90 min per ABF (bioelectrical significantly.
Lo impedance)
interactive video

game exercises

session

CRF (during a submaximal

- 269 -




treadmill test)

MF (Hand-grip
dynamometry)

Christison
etal, 2012
[66]

n=40

male (26)
female (22)

DDR; Exerbike
XG ; Nintendo
‘Wii; Makoto
Interactive
Arena;
Lightspace Play
Floor; Cybex

Traz
Treadwall; Xavix

system

Period: 10 weeks

Frequency: 2h per
week

BMI

BMI and BMI z-score
decreased significantly

24BF: body fat percentage, "AVG: active video game, BMI: body mass index, “CRF: cardiorespiratory fitness, “EXE: exercise, FM: fat mass,

EMC: motor competence, "MF: musculoskeletal fitness, ‘min: minutes, JTE: traditional exercise.
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Table 1: Quality assessment of randomized controlled trials.

Bias due to o
) o o o Bias in
Bias arising deviations Bias in
Bias due to selectio | Overal
from the from measuremen
Study o ) missing nofthe | 1risk
randomizatio intended t of the )
) ) outcome data reported | of bias
11 process mntervention outcome
result
s
Irandoust
etal + + + + + +
(2020)
[62]
Bonney
etal + + + + + +
(2019)
[61]
Staiano et
+ + + + + +
al (2018)
[54]
Staiano et
+ + + + + +
al (2017)
[52]
Christiso
netal ? + ? + + +
(2016)
[42]
Foley et
+ + + + + +
al (2014)
[44]
Trost et
? + ? + + +
al (2014)
[55]
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Staiano et
al (2013)
[56]

Maloney
etal
(2012)
[57]

Goldfield
etal
(2012)
[60]

Maddiso
netal
(2011)

[51]

Maddiso
netal
(2011)

[59]

Adamo et
al (2010)
[58]
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Table 2: Descriptive characteristics of included studies with overweight and obese children.

Study Participants Study | Intervention | Control Training Variables and test | Outcomes
design used
Population, | Sex Age
N (years)
Irandoust | 59 Male Primary | RCT* | Nintendo CG" 1: aquatic Period: 12 Weight and BMI | AVG®and CG 1
etal (m=59) | school Wii and exercise intervention | weeks; observed
(2020) (6-11 Xbox Kinect | (n=18; mean 9.3, SD | frequency: 3 days decreased
[62] years) (m=21; mean | 1.3 years); CG2:no | per week; weight and BMI
8.9,SD1.2 intervention (n=20; duration: 60 min compared with
years) mean 8.95, SD 1.2 per session CG2.
years)
Bonney et | 52 Female | 13-16 RCT | WiiFit Task-oriented Period: 14 CRF* (20-min Both AVG and
al.(2019) (n=52) years (m=26) functional training weeks; shuttle run test); CG
[61] (n=26) frequency: once a | MF*® (knee demonstrated
week; duration: extensors, ankle significant
plantar flexors improvement in
45 min per isometric strength | CRF, MF, and
session with a handheld MC. No
dynamometer): between-group
and MC! differences were
(Movement ABC- | observed.
29
Staiano et | 45 Male Mean RCT Xbox Kinect | No intervention Period: 24 BMI %BF" and | Positive effects
al (2018) (54%); 11.2,SD (n=22) (n=23) weeks; FM' (DXAY) were observed
[54] female | 0.8 years frequency: 3 days on BMI z-score
(46%) per week; and weight z-
duration: 60 min score for AVG
per session but not on FM
and %BF.
Staiano et | 41 Female | 14-18 RCT | Xbox Kinect | No intervention Period: 12 BMIL WCE and No effects on
al (2017) (n=41) years (n=22; mean | (n=19; mean 16.1, weeks; FM and %BF BMI, WC, FM,
[52] 153,SD 1.2 | SD 1.4 years) frequency: 60 (DXA) and %BF were
years) min per week observed.
Christison | 80 Male Mean RCT Nintendo No intervention Period: 10 BMI; WC; and No effects of
et al (n=34); 10.1,SD 'Wii, DDRY, (only didactic weeks; CRF (20-min intervention on
1.3 years Exerbike session; n=21) shuttle run) BMI, WC, and
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(2016) female XG, Makoto frequency: 2 CRF were
[42] (n=46) interactive hours per week observed.
Arena,
Lightspace
Pay floor,
Cybex
Trazer, and
Zavix
system
(n=59)
Foleyet |322 Male Mean RCT | EyeToy No intervention Period: 12 weeks | BMI FM: and Positive effects
al (2014) (n=235); | 11.6,SD (PlayStation: | (n=162) and 24 weeks; %BF on BMI, z-score
[44] female 1.1 years n=160) children were (bioelectrical BMLI, and %BF
(n=87) encouraged to impedance) for AVG were
meet the observed.
recommendations
of 60 min per
day and to
substitute periods
of traditional
inactive video
games
Trost etal | 69 Male Mean RCT | CPWMP™ CPWMP only Period: 8 weeks | BMIand BMIz- | Groups with
(2014) (n=24); | 10.0, SD with AVG (n=38) and 16 weeks; score AVG showed
[55] female 1.7 years with Xbox frequency and higher decreases
(n=41) Kinect duration: in BMI, BMI z-
m=31) nonreported score, and
overweight rate
than CG.
Staiano et | 54 Male 15-19 RCT | Competitive | No intervention Period: 10 weeks | Weight Participants in
al (2013) (44.4%): | years AVG with (n=16) and 20 weeks:; co-operative
[56] female Nintendo frequency: 30-60 AVG lost more
(55.6%) Wii (n=19); min per school weight than CG;
co-operative day competitive
AVG with AVG also lost
Nintendo weight.
Wii (n=19)
Maloney | 65 Male 9-17 RCT | DDR (n=32; | No intervention Period: 12 Weight and CRF | No effects on
et al (=31); | years mean 12.9, (n=33;mean 11.73, | weeks; frequency | (3-in step test) weight and CRF
(2012) female SD 2.36 SD 2.38 years) and duration: were observed.
[57] (n=34) years) nonreported
Van 31 Male 9-12 Non- | Nintendo CG1: with accessto | Period: 6 weeks; | MC (Bruininks- Improvements in
Biljon et and years RCT | Wii (n=11) | sedentary video frequency: 3 days | Oseretsky Test) MC for AVG
al (2012) female games (n=10); CG2: | per week; compared with
[50] no intervention duration: 30 min both CGs were
(n=10) per session observed.
Wagener | 40 Male Mean Non- | Dance-based | No intervention Period: 10 BMI z-score No changes in
etal (n=31; 14, SD RCT | exergaming | (n=19) weeks; BMI z-score
(2012) female 1.66 (n=21) frequency: 3 days were observed.
[53] (n=34) | years per week;
duration: 40 min
per session
Goldfield | 26 Male 12-17 RCT Interactive Exercise: stationary Period: 10 BMI; %BF and AVG and CG
et al (n=12; years video game | bike music weeks; FFM® showed
(2012) female cycling intervention (n=13; frequency: twice | (bioelectrical improvements in
[60] (n=14) intervention per week; impedance); and | CRF and %BF;
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ergometer)

(Gamebike; | mean 13.9,SD 1.4 duration: 60 min | CRF (submaximal | no group by time
n=13:mean | years) per session aerobic fitness effects on body
15.1,SD 1.8 with a cycle weight, BMI,
years) ergometer) FM, FFM, %BF,
or CRF;
psychological
benefits of these
aerobic exercise
were related to
improved
aerobic fitness
but not to
changes in body
composition.
Maddison | 322 Male Mean RCT | EyeToy No intervention Period: 12 weeks | BMI; %BF AVG positively
et al (n=235); | 11.6, SD (PlayStation; | (n=162) and 24 weeks; (bioelectrical affected %BF.
(2011) female 1.1 years n=160) children were impedance); and | This effect was
[59] (n=87) encouraged to CRF (20-min most likely
meet 60 min per | shuttle test) mediated
day and to through
substitute periods improved CRF.
of traditional
inactive video
games
Maddison | 322 Male Mean RCT | EyeToy No intervention Period: 12 weeks | BMI; WC; %BF Positive effect
etal (n=235); | 11.6. SD (PlayStation; | (n=162) and 24 weeks; (bioelectrical on BMI, BMI z-
(2011) female 1.1 years n=160) children were impedance); and | score, FM, and
[51] (n=87) encouraged to CRF (20-min %BF was
meet the shuttle test) observed,
recommendations favoring AVG.
of 60 min per
day and to
substitute periods
of traditional
inactive
videogame
Adamo et | 26 Male 12-17 RCT | Interactive Exercise: stationary | Period: 10 BMI; %BF and AVG and CG
al (2010) and years video game | bike music weeks; FFM showed
[58] female cycling intervention (n=13; frequency: twice | (bioelectrical improvements in
intervention | mean 13.9, SD 1.4 per week; impedance); WC; | CRF; no group
(n=13; mean | years) duration: 60 min | and CRF by time effects
per session (submaximal on body weight,
151,SD 1.8 aerobic fitness BMI, FM., FFM,
years) with a cycle %BF, or CRF;

positive time
effects were
found on %BF
when both AVG
and CG were
combined and
compared at

baseline.

“RCT: randomized controlled trial.
%CG: control group.

CAVG: active video game.

ICRF: cardiorespiratory fimess.

*MF: musculoskeletal fitness.

MC: motor competence.

EMovement ABC-2: Movement Assessment Battery for Children-Second Edition.
194 BF: body fat percentage.

FM: fat mass.

JDXA: dual-energy x-ray absorptiometry.

XWC: waist circumference.

DDR: Dance Dance Revolution.
BCPWMP: Comprehensive Pediatric Weight Management Program.

"FFM: fat-free mass.
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13.2

MATERIAL SUPLEMENTARIO ARTICULO 2

Supplementary 1: PRISMA 2020 item Checklist

. Location
Sectionand  ltem it item where item is
topic #

reported
Title
Title 1 Identify the report as a systematic review. 1
Abstract
Abstract 2 1
Introduction
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 2and3
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 3
Methods
Eligibility 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 4
criteria
Information 6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify 3
sources studies. Specify the date when each source was last searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. 3
Selection 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 4
process reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details
of automation tools used in the process.
Data collection 9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, 3and 4
process whether they worked independently, any processes for obtaining or confirming data from study investigators, and if
applicable, details of automation tools used in the process.
Data items 10a  Listand define all outcomes for which data were sought. Specify whether all results that were compatible with each 5
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to
decide which results to collect.
10b  Listand define all other variables for which data were sought (e.g. participant and intervention characteristics, funding 5
sources). Describe any assumptions made about any missing or unclear information.
Study risk of 11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many 5
bias reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools
assessment used in the process.
Effect 12 Spedify for each outcome the effect meastre(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of  5and 6
measures results.
Synthesis 13a  Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 5
methods intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
13b  Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary ~ 5and 6
statistics, or data conversions.
13c  Describe any methods used to tabulate or visually display results of individual studies and syntheses. 5
13d  Describe any methods used to synthesise results and provide a rationale for the choice(s). If meta-analysis was 5and 6
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software
package(s) used.
13e  Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 5and 6
meta- regression).
13f  Describe any sensitivity analyses conducted to assess robustness of the synthesised results. NS
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NS
assessment
Certainty 15  Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 6
assessment
Results
Study selection 16a  Describe the results of the search and selection process, from the number of records identified in the search to the number 5and 8
of studies included in the review, ideally using a flow diagram (see fig 1).
16b  Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were NS
excluded.
Study 17 Cite each included study and present its characteristics. 8to 12
characteristics
Riskof biasin 18 Present assessments of risk of bias for each included study. 6and7
studies
Results of 19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect 6to 12
individual estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
studies
Results of 20a _ For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 6to8
syntheses 20b  Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate 12 to 18
and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups,
describe the direction of the effect.
20c _ Present results of all investigations of possible causes of heterogeneity among study results. 12to 18
20d _ Present results of all sensitivity analyses conducted to assess the robustness of the synthesised results. NS
Reporting 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NS
biases
Certainty of 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NS
evidence
Discussion
Discussion 23a_ Provide a general interpretation of the results in the context of other evidence. 13to 18
23b_ Discuss any limitations of the evidence included in the review. 13to 18
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23c  Discuss any limitations of the review processes used. 19
23d  Discuss implications of the results for practice, policy, and future research. 19
Other information
Registration 24a  Provide registration information for the review, including register name and registration number, or state that the review 3
and protocol was not registered.
24b  Indicate where the review protocol can be accessed, or state that a protocol was not prepared. NS
24c  Describe and explain any amendments to information provided at registration or in the protocol. NS
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the 20
review.
Competing 26 Declare any competing interests of review authors. 20
interests
Availability of 27  Report which of the following are publicly available and where they can be found: template data collection forms; data NS
data, code, and extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
other materials
Supplementary 2: Descriptive characteristics of included non-controlled trials
] Participants . o i
Ref. Study Intervention Training Variables and test used Outcomes
- N Years
Period: 6 weeks
15 Frequency: 2 days | CRF (6-min walk test in meters) | AVG showed significant
n=
George et . - per week improvements in some tests
72 ale (7, 79+212 Nintendo Wj
al, 2016 male (7) en@o ™ 1 Duration: 20min | MSC (Movement Assessment | of MSC but no significant
female(8) o : h :
minimum per Battery for Children) changes in CRF
session
Period: 6 weeks
=95 F d
Gao etal, o 1031+ | XboxKinect requency: once a o AVG showed no significant
73 male (57) ) - week CRF (Half-mile run test) .
2016 . 0.53 years | Nintendo Wii . . effects on CRF.
female (38) $ Duration: 50 min per
day
MF (long jump, lateral step-up,
n= 18 (+n=17 Period: 5 weeks sit to stand and stair climbing)
Smit with motor Frequency: 5 days AVG showed improvements
its-
coordination . . per week Anaerobic fitness (10x5-m in MF, AF and MSC except
78 | Engelsman e 80+12 Nintendo Wii . . . . I
difficulties) Duration: 20 min sprint and 10x5-m slalom) for stair climbing test and
etal., 2016 L
male and minimum per balance
female session MSC (Bruininks-Oseretsky Test-
2)
Period: 12 and 30
R BMI AVG improved CRF, but no
Bethea ot n=28 F 34 significant effects were found
64 | oeac male and 99+0.7 DDR requency: 5 days %BF in BMI, although there were
al.,, 2012 . per week )
female Duration: 30 min per decreases in BMI and BMI z-
o P CRF (20-m shuttle run test) score
session
BMI
n=12 (and 9 %BF (bioelectrical impedance) | AVG showed improvements
6 ‘Owens et adults) 10416 Nintendo Wii Period: 3 months in CRF but no significant
al, 2011 male and o Fit Home-use MF (push-up test) effects were found in BMI,
female %BF and MF.
CRF (in treadmill using the
Bruce Ramp Protocol)
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14. Anexos

14.1 Anexo 1. Disefio del estudio inicialmente planificado

EVAL. PRE-
INTERVENCION
(12 ANO)

EVAL. POST-
INTERVENCION
(12 ANO)

RECLUTAMIENTO INICIAL
Y ESTANDARIZACION DE
PROCEDIMIENTOS

DISTRIBUCION
ALEATORIA

EVAL. PRE-
INTERVENCION
(22 ANO)

EVAL. PRE-
INTERVENCION
(32 ANO)

EVAL. POST- EVAL. POST-
INTERVENCION INTERVENCION
(22 ANO) (32 ANO)

GRUPO CONTROL
20 ANO

DISTRIBUCION ALEATORIA

DE LA NUEVA MUESTRA
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14.2 Anexo 2. Dictamen del Comité de Etica de Investigacion

Informe Dictamen Favorable

~= GOBIERNO Proyecto Investigacion Biomédica
==DE ARAGON C.P. - C.I PI18/106
Departamento de Sanidad

06 de junio de 2018

Dfa. Maria Gonzalez Hinjos, Secretaria del CEIC Aragén (CEICA)

CERTIFICA

1°, Que el CEIC Aragédn (CEICA) en su reunién del dia 06/06/2018, Acta N° 11/2018 ha evaluado la propuesta del
investigador referida al estudio:

Titulo: Videojuegos activos frente a la obesidad y el sedentarismo en nifios y nifias de 9a 11
afios: una propuesta disruptiva

Investigador Principal: José Antonio Casajus Mallén, Universidad de Zaragoza

Version protocolo: Version 2.0
Documento de informacion y consentimiento Padres: Version 2.0
Documento de informacién y consentimiento hijos: versién 1.0

20, Considera que

- El proyecto se plantea siguiendo los requisitos de la Ley 14/2007, de 3 de julio, de Investigacion Biomédica y su
realizacién es pertinente.

- Se cumplen los requisitos necesarios de idoneidad del protocolo en relacion con los objetivos del estudio y estan
justificados los riesgos y molestias previsibles para el sujeto.

- Es adecuado el tratamiento de los datos y los documentos dirigidos a obtener el consentimiento de los
participantes.

- El alcance de las compensaciones econdmicas previstas no interfiere con el respeto a los postulados éticos.

- La capacidad de los Investigadores y los medios disponibles son apropiados para llevar a cabo el estudio.

30, Por lo que este CEIC emite DICTAMEN FAVORABLE a la realizacién del proyecto.

Lo que firmo en Zaragoza

Firmado digitalments
GONZALEZ  enter ios

HINJOS MARIA - MARIA- DMl 038574568
Fecha: 2018.06.11
DNI 038574568 51154 0000

Maria Gonzalez Hinjos
Secretaria del CEIC Aragon (CEICA)

Tel. 976 71 5836 Fax. 976 71 55 54 Correo elecironico mgonzalezh.ceic@aragon.es
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14.3 Anexo 3. Consentimiento informado

HOJA DE INFORMACION PARA PADRES/MADRES/TUTORES:
“Videojuegos activos frente a la obesidad y el sedentarismo en
nifios y ninas de 9 a 11 anos: una propuesta disruptiva.”

Por la presente, se le invita a usted y a su hijo/a a participar en este
estudio. Se trata de un estudio de investigacién, lo que supone que se
va a llevar a cabo por primera vez un tipo de intervencién que puede
tener beneficios para el tratamiento de algunos factores de riesgo de
sindrome metabdlico.

Informacién de utilidad:
1. Objetivos del estudio
a. Evaluar la efectividad de un programa de videojuegos activos
sobre los factores de riesgo cardiometabélico, en nifios y
nifias con sobrepeso/obesidad.
b. Estudiar la adherencia a la practica de actividad fisica y los
cambios en parametros de habitos saludables.

2. Beneficios derivados del estudio
Si usted decide que su hijo/a participe en este estudio, recibira completa
informacion sobre su composicién corporal (porcentaje de grasa
corporal), y también se le entregara un informe con las determinaciones
sanguineas (perfil lipidico entre otras). Ademas, su hijo/a recibird una
intervencion de 9 meses de duracién con videojuegos activos (explicada en
detalle en la siguiente pagina).

3. Posibles acontecimientos adversos
No se prevé ningun acontecimiento adverso, mas alla de los propios de
la actividad fisica. De manera poco probable, durante la realizacion de las
pruebas y los entrenamientos, podria ocurrir dolor muscular (tipo agujetas),
caidas, contusiones o procesos mas graves como desmayos.

4. Voluntariedad
El participante lo hace de forma voluntaria, pudiéndose retirar del estudio
en cualquier momento, habiendo sido informado explicitamente de la
finalidad del mismo. Esto no conllevara ningtn tipo de discriminacién ni
consecuencias.

5. Anonimato
Los datos obtenidos en el estudio pertenecen tan solo a la persona
voluntaria y al entorno investigador, manteniéndose siempre la mas estricta
confidencialidad. El participante decidira si quiere conocer o no los datos de
la investigacion y sera informado, si asi lo desea, de los resultados durante
el proceso. Al finalizar el estudio, usted obtendra un informe detallado de los
principales resultados obtenidos.

6. Hallazgos inesperados

En el caso de encontrar algun hallazgo inesperado durante la realizacién de
las pruebas, o en los analisis posteriores se procedera a contactar con el

Hoja informativa versién 2.0
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padre, madre o tutor directamente e informarle de lo encontrado, para que
contacte con su médico pediatra correspondiente.

7. Mediciones
Las siguientes mediciones se realizaran en cuatro ocasiones a todos los
participantes, durante desarrollo del proyecto; concretamente en
septiembre/octubre 2018; mayo/junio _2019; septiembre/octubre 2019 vy

mayo/junio 2020.

En el laboratorio del grupo GENUD de la Universidad de Zaragoza:

1. Peso, altura y perimetro de cintura, y valoracién de la composicién
corporal: (masa grasa, magra y 6sea) mediante absorciometria
foténica dual de rayos X (DXA). La cantidad de radiacion que
recibird durante esa evaluacién de rayos X es minima, y seria
comparable con la recibida por un viaje en avion de unas 3 horas.

2. Maduracién sexual: Un médico experimentado valorara el estadio
Tanner de cada participante.

3. Prueba de esfuerzo: Se evaluara la resistencia cardiorrespiratoria
mediante un test progresivo confinuo hasta el agotamiento que
consistira en correr sobre una cinta rodante. La prueba se controlara
en todo momento electrocardiograficamente y con analisis de gases.

4. Fuerza muscular isométrica: se utilizaran una galga extensiométrica
y un dinamdmetro manual para calcular la fuerza del cuadriceps y
presion manual respectivamente del participante (dos repeticiones).
Este test pretende medir la fuerza de la pierma y la mano.

5. Salto sobre plataforma de fuerzas: el participante tendra que realizar
varios saltos verticales sobre una plataforma en el suelo. Este test
pretende medir la fuerza del tren inferior.

6. Se evaluara la presién arterial con un tensiémetro.

7. Se evaluaran los niveles de actividad fisica mediante el uso de
acelerémetros, prestados durante una semana.

8. Se evaluara la dieta mediante cuestionarios de recuerdo 24h en los
que se debe recordar todo lo que se ha comido el dia anterior.

En su Centro de Salud habitual:
9. Se tomaran muestras sanguineas (3 tubos de 5mL) en ayunas para
evaluar el perfil lipidico, férrico, y otros parametros relacionados con
la obesidad.

Aleatorizacion

Después de la primera evaluacion los participantes se dividiran en 2 grupos
aleatorios: Ejercicio y Control. Ambos grupos tendran la oportunidad de
acudir a varias sesiones de educacidon en estilos de vida saludable.
Ademas, el grupo ejercicio realizara el programa de intervencion. Al cabo
del primer afio, los grupos se permutaran y el grupo Control pasara a
realizar la intervencion.
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Programa de intervencion

La idea de esta intervencién es que nifios/as que no son muy propensos/as
a la practica deportiva, realicen actividad fisica de manera entretenida con el
objetivo de aumentar su gasto caldrico e incrementar su interés por la
practica de actividad fisica. La actividad tendra lugar en dos ubicaciones
diferentes en Zaragoza (por determinar) con una duracion total de 9 meses,
y una frecuencia de 3 sesiones por semana (alrededor de 45-60 minutos por
sesion), en diferentes horarios. Los nifios/fas jugaran con videojuegos
activos (tipo Wii U o ciclismo virtual) y tendran entrenadores con ellos
indicando que corresponde hacer cada dia, y controlando la correcta
ejecucion de cada sesion. La intensidad sera controlada de manera
individualizada.

Para mas informacion acerca de las pruebas pueden contactar
directamente con los investigadores principales:

Dr. José Antonio Casajus y Alejandro Gonzalez de Agiiero
Profesores de la Universidad de Zaragoza
E-mail: joseant@unizar.es y alexgonz@unizar.es

HOJA DE CONSENTIMIENTOPARA PADRES/MADRES/TUTORES:
“Videojuegos activos frente a la obesidad y el sedentarismo en
nifios y nifias de 9 a 11 afios: una propuesta disruptiva.”

D 3 - TSR
con DNIL.oo e teléfono de contacto
.............................................. como madre/padre/tutor (fachar lo que
no proceda) e

........................................... con fecha de nacimiento
............ Lo d........... declaro que:

O He leido y comprendo la informacién que se me ha entregado.
O Comprendo que la participacién es voluntaria.
O Comprendo que mi hijo/a se puede retirar del estudio:

1. Cuando quiera.

2. Sin tener que dar explicaciones.

3. Sin que esto repercuta en los cuidados médicos caso de
enfermedad o lesidn derivadas del estudio.

Hoja informativa versién 2.0
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O Deseo ser informado de datos de los resultados obtenidos y otros de
caracter personal que se obtengan en el curso de la investigacion,
incluidos los descubrimientos inesperados que se puedan producir,
siempre que esta informacion sea necesaria para evitar un grave
perjuicio para mi salud o la de mis familiares biologicos.

Se me ha informado que todos los datos obtenidos en este estudio seran
confidenciales y se trataran conforme establece la Ley Organica de
Proteccidon de Datos de caracter personal 15/99. Todas las muestras
seran anonimizadas con un codigo numérico. Se me ha informado de
que la donacion/informacion recibida solo se utilizara para los fines
especificos del estudio.

Y por tanto, presto libremente mi conformidad para que mi hijo/a pueda
participar en el estudio.

Firma del padre/madre o tutor/tutora Fechay lugar
(tachar lo que no proceda)

El investigador principal, en nombre de todo el equipo investigador,
agradece enormemente su desinteresada participacion en este estudio, y
espera que su intervencién termine de manera satisfactoria para usted y
su hijo/a.

Reciba un cordial saludo,

José Antonio Casajus Mallén

Hoja informativa versién 2.0
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HOJA DE INFORMACION PARA NINOS/NINAS:
“Videojuegos activos frente la obesidad y el sedentarismo en
ninos y ninhas de 9 a 11 afos: una propuesta disruptiva”

Informacién del proyecto:

Nos ponemos en contacto contigo para invitarte a participar en
nuestro proyecto de investigacion.

Para nosotros es muy importante que participes porque en estos
ultimos arfos el sedentarismo (estar sentado o tumbado mucho
tiempo) esta siendo un problema comun que afecta a la salud de los
nifos y nifas de tu edad. Por eso lo que queremos en nuestro
proyecto es comprobar si realizar una serie de actividades con
videojuegos todas las semanas durante varios meses puede
beneficiar y prevenir esos problemas en nifios/as como tu.

Pero antes de decidir si vas a participar o no tienes que leer y
entender este documento entero, y después puedes hacer todas las
preguntas que quieras antes de firmarlo si finalmente decides
participar.

Participar en el proyecto:

Tu decides si quieres participar en el proyecto. No pasa nada si no
quieres participar, es un proyecto voluntario y no habra ninguna
desventaja para ti si no quieres participar. Al ser un proyecto de
libre participacion, podras abandonar si asi lo deseas en cualquier
momento del estudio, incluso después de haber entregado el
consentimiento firmado, o incluso con alguna prueba ya realizada.
Ademas de tener tu consentimiento, también necesitaremos la
aceptacion de tus padres en la participacion de este proyecto. A
pesar de que tus padres puedan estar de acuerdo, tu eres libre de
participar o no.

£ Qué pruebas te vamos a hacer? (Evaluacién):

Como parte del estudio, te pediremos que participes en las
siguientes pruebas:
-Unas pruebas meédicas basicas, que incluiran medidas
sencillas como la altura, el peso y el perimetro de cintura.
- Estudiaremos la composicion corporal (cantidad de hueso,
grasa y musculo) total que tenéis, mediante absorciometria
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fotonica dual de rayos X (DXA). La prueba consiste en estar
tumbado en una camilla unos 10 minutos aproximadamente.
-Un médico comprobara como de desarrollado te encuentras a
nivel madurativo.

-Una prueba de esfuerzo en la que tendras que correr sobre
una cinta rodante hasta que no puedas mas y te canses.
-Unas pruebas de fuerza de manos (apretar todo lo fuerte que
puedas un aparato) y de piernas (estirar todo lo que puedas
de un cable y también saltos).

-Se obtendrdan muestras de sangre para evaluar varios
parametros relacionados con la obesidad, solo si td estas de
acuerdo.

-Se evaluara la presion arterial.

-Llevar un acelerémetro (un aparato del tamafio de una caja
de cerillas colocado en un cinturdn a la altura de la cintura)
durante unos dias que nos ayudara a registrar la actividad
fisica que realizais.

-Responder sencillas preguntas para registrar todos los
alimentos que has comido el dia anterior.

El nimero de evaluaciones que realizaremos seran 4. La primera
en Sept/Oct 2017, la segunda en Mayo/Jun 2018, la tercera en
Sept/Oct 2018, y la cuarta en Mayo/Jun 2019.

Las pruebas se llevaran a cabo en la sede del grupo GENUD de la
Universidad de Zaragoza encargado de la investigacion. Deberéis
acudir a la direccion C/Pedro Cerbuna n®12, cp:50008, Zaragoza,
Espana. Para la realizacion de las mismas deberéis llevar ropa
interior deportiva para la primera parte, y ropa deportiva para la
segunda.

Tu informacién sera confidencial (privada):

Los resultados obtenidos son para uso exclusivo de Ia
investigacion. Las pruebas fisicas, como por ejemplo las medidas
corporales (peso o talla) o las muestras de sangre, podrian
informarnos de tu estado de salud. Si ti y tus padres estais de
acuerdo, se os informara de cualquier anomalia que detectemos.
Las respuestas que des a las preguntas de los cuestionarios son
totalmente privadas. Tu decides si quieres conocer los resultados o
no.

Formacion de grupos vy programa de actividades:
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Después de la primera evaluacién haremos 2 grupos con todos los
nifios y nifias que querais participar en el proyecto. A los 2 grupos
se os volvera a evaluar con las pruebas y en las fechas que antes
os hemos dicho, y se os daran talleres educativos en estilos de vida
saludable. Ademas se haran 34 sesiones de videojuegos
semanales de unos 30-45 minutos (Wii U, ciclismo virtual, realidad
virtual...), pero por grupos (durante unos meses el primer grupo, y
los meses siguientes el otro grupo).

Si tienes cualquier duda o consulta acerca del proyecto o sobre lo
que tendras que hacer, por favor comunicanoslo y te informaremos
de la mejor manera posible.

Nuestros datos de contacto son:

Dr. José Antonio Casajus Mallén y Alejandro Gonzalez de
Aguero
Universidad de Zaragoza
E-mail: joseant@unizar.es y alexgonz@unizar.es
HOJA DE CONSENTIMIENTO INFORMADO PARA
NINOS/NINAS:
“Videojuegos activos frente a la obesidad y el sedentarismo en
nifos y nifias de 9 a 11 afnos: una propuesta disruptiva”

Con la firma de este documento, acepto la participacion en el estudio arriba descrito

He leido la hoja de informacion que se me ha entregado.

He podido hacer preguntas sobre el estudio y he recibido suficiente informacién sobre
el mismo.

He hablado con José Antonio Casajus o con Alejando Gonzalez de Aglero (E-mail:
joseant@unizar.es o alexgonz@unizar.es ).

Comprendo que la participacién es voluntaria.

Comprendo que podemos retirarnos cuando queramos, sin tener que dar
explicaciones y sin que esto tenga consecuencias en mis cuidados medicos.
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Deseo ser informado sobre los resultados del estudio: S| / NO (marque lo que
proceda).

Acepto que las muestras derivadas de este estudio puedan ser utilizadas en futuras
investigaciones (relacionadas con ésta).

Se me ha informado que todos los datos obtenidos en este estudio seran
confidenciales y se tratardn conforme establece la Ley Orgéanica de Proteccién de
Datos de Caréacter Personal 15/99. Todas las muestras seran anonimizadas con un
codigo numérico.

He recibido una copia firmada de este Consentimiento Informado.

Firma del participante:

Fecha: ...

He explicado la naturaleza y el proposito del estudio al padre/madreftutor y
participante mencionado.

Firma del investigador:
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14.4 Anexo 4. Cuestionario: Recuerdo de 24 horas

Hoja de Menus
Fecha:

Dia de la semana:

PRIMER DIiA

LUGAR Y HORA

ALIMENTOS (si se conoce la
marca, apuntarla también)

CANTIDADES (apuntar
también unidades: gramos,
litros...)

DESAYUNO

Lugar:
Hora:

Con quién:

ALMUERZO

Lugar:
Hora:

Con quién:

COMIDA

Lugar:
Hora:

Con quién:
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MERIENDA

Lugar:
Hora:

Con quién:

CENA

Lugar:
Hora:

Con quién:

RECENA

Lugar:
Hora:

Con quién:
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14.5 Anexo 5. Cuestionario: Children's Eating Habits Questionnaire (CEHQ

@ Durante el mes pasado, écuantas veces comio o bebi6 su hijo/a los
siguientes alimentos y bebidas? Por favor, indique (nicamente aquellos
alimentos y bebidas que sabe, es decir, lo que su hijo/a comié en su

presencia.
Por favor seleccione una respuesta por fila.

Nunca/ 1-3 4-6 1 2 3 40

Durante el pasado mes... menos veces veces vez al veces veces mas
de una por por dia al dia al dia veces al
vezal semana semana dia

mes

Vegetales

Legumbres (lentejas,

garbanzos, judias, etc) 1 2 3 4 5 6 7

Patatas (cocidas, no fritas) q 2 2 f 5 G 2

Patatas fritas, croquetas de

patata 1 2 3 4 5 6 7

Otros vegetales cocinados

(acelgas, borraja, broccoli, q 2 2 4 s G 2

etc)

Vegetales crudos (mezclados

en la ensalada, lechuga,

zanahoria, tomate, pepino, 1 2 3 4 5 6 7

etc.)

Frutas frescas

Frutas frescas (incluir

tamblen_el zumo hefho_ en q 2 . a . & 2

casa ) sin azlcar afadido

Frutas frescas (incluir

también el zumo heEho_en q 2 z f s & 2

casa ) con azlcar afadido

Bebidas

Agua (agua del grifo, agua

con gas, agua mineral) 1 2 3 4 5 6 7

Zumos de frutas (fruta

100%) envasados (zumo de

naranja, de melocotén, de 1 2 3 4 5 6 7

pifia, etc.)

Bebidas carbonatadas

azucaradas (Coca cola, q 2 2 ‘ 5 & >

Fanta, Sprite, etc)

Bebidas carbonatadas

edulcoradas artificialmente

(Coca cola light, Coca cola 1 2 3 4 5 6 7
Zero, Pepsi Light, etc.)
Bebidas azucaradas no
carbonatadas (Nestea,
bebidas deportivas tipo
Aquarius, zumos con menos
del 100% de fruta, etc.)
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Nunca/ 1-3 4-6 1 2 3 40

Durante el pasado mes... menoes veces veces vez al veces veces mas
de una por por dia al dia al dia veces al
vezal semana semana dia

mes

Bebidas

Bebidas edulcoradas

artificialmente, no

carbonatadas (Nestea Light, 2 2 2 f s . =
bebidas deportivas light tipo

Aquarius Light, etc.)

Café y similares (cappuccino,

eEko, etc):
a) No azucarado a 2 E 4 3 ® 7
b) Azucarado (con
azlcar, miel, etc) 1 2 3 4 5 6 7
Té, infusiones y similares
(té verde, té rojo,
manzanilla, poleo):
1 2 3 4 5 6 7
a) No azucarado
b) AZLllcarado_ (con . 2 . 4 . - -
azlcar, miel, etc)
Cereales de desayuno
Cereales de desayuno
azucarados o con azucar
afiadido y muesli azucarado q 2 . q o g 2
(Smacks, Frosties, Miel pops,
etc.)
Papilla, copos de avena,
cereales no azucarados, Q 2 7 a 5 g 2
muesli sin azlcar
Leche
Leche sin azucar (no olvides
la leche que se le afiade al
café, al té o a los cereales) 1 2 3 4 5 6 7
Leche azucarada o con
sabores (con cacao, a 2 B 4 5 4 -
chocolate, miel, azlcar, etc.)
¢Queé tipo de leche consume
Q o ) BN A 1

habitualmente su hijo/a?
Selecciona una unica

b) Semi-desnatada/Desnatada__ . . 2
respuesta.

c) Ambos tipos de leche | . ... 3

d) Mi hijo no bebe leche .. ... ... 4

e) No lo sé
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Durante el pasado mes...

Yogur

Yogur natural o kéfir no
azucarado

Yogur azucarado y de
sabores y bebidas lacteas
fermentadas (Actimel®,
LC1®, etc)

¢Qué tipo de yogur consume
habitualmente su hijo/a?
Selecciona una Unica
respuesta.

Durante el pasado mes...

Pescado

Pescado enlatado (atin en
lata, anchoas en lata,
sardinas en lata)

Pescado hervido, a la
plancha, asado en el horno,
crudo, sin freir y no
rebozado

Pescado frito y/o rebozado y
varitas de pescado

Nunca/ 1-3
menos veces
de una por
vezal semana
mes
1 2
1 2

B) B0
b) Desnatado
¢) Ambos tipos de yogur

d) Mi hijo no come yogur

e) No lo sé

Nunca/ 1-3
menos veces
de una por
vez al semana
mes

Carne y productos carnicos

Productos loncheados y
conservados, productos
carnicos listos para cocinar
(fiambres, embutidos,
jamén, etc)

Carne a la plancha, hervida,
asada al horno, ni rebozada
ni frita (ternera, cerdo,
cordero, etc)

Carne frita (ternera, cerdo,
cordero, etc)

Carne de ave a la plancha,
hervida, asada al horno, ni
rebozada ni frita (pollo,
pavo, etc)

4-6 1
veces vez al
por dia

semana
3 4
3 4

4-6 1
veces vez al
por dia

semana
3 4
3 4
3 4
3 4
3 4
3 4
3 4
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Carne de ave frita (pollo,

pavo, etc) 1 2 3 4 5 6 7
Nunca/ 1-3 4-6 1 2 3 veces 40
Durante el pasado mes... menos  veces veces vez al veces al dia mas
de una por por dia al dia veces al
vezal semana semana dia
mes

Huevos y mayonesa

Huevos fritos, revueltos o
tortilla 1 2 3 4 5 6 7

Huevos duros o escalfados a 2 3 4 5 6 5

Mayonesa y productos a
b_ase de mayonesa (ali-oli, a 2 e 4 5 4 -
Ligeresa, salsa rosa, etc)

Productos sustitutivos de la carne y productos de soja

Tofu, tempé, leche de soja,
yogures de soja, etc. 1 2 3 4 5 6 7

Queso

Queso en lonchas o para
cortar (manchego,

Emmental, Parmesano, de 1 d 2 4 3 E o
cabra, etc)

Queso para untar

(Philadelphia, Millan, 1 5 3 4 5 6 7

quesitos, tranchettes, etc
Queso rallado

i 2 3 4 5 6 7
¢El queso que consume s
habituaimente aulhije o es I 2 e 1
j ?

baioen gracal D) O e e S

Por favor, selecciona una

unica respuesta. c) Mi hijo no come queso ... 3
dY NO 10 SE e 7
Nunca/ 1-3 4-6 1 2 3 40

Durante el pasado mes... menos veces veces vez al veces veces mas
de una por por dia al dia al dia veces al
vezal semana semana dia

mes

Productos para untar

Mermelada, miel 2 2 . 4 5 3 2

Crema de chocolate o a base

de frutos secos (Nocilla,

Nutella, crema de cacahuete, 1 2 3 &l 5 6 7

etc)

Mantequilla, margarina en

pan 1 2 3 4 5 6 7
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Productos de bajo contenido
graso en pan (tipo
mantequilla, mermelada
Light..

Ketchup (también como
condimento para alimentos
fritos)

Aceite vegetal para cocinar y/o para ensaladas

Aceite de oliva

Durante el pasado mes...

Nunca/
menos
de una
vez al
mes

Productos a base de cereales

Pan blanco, panecillos
blancos, biscotes blancos
Pan integral, panecillos
integrales, biscotes
integrales

Pasta, fideos, arroz y otros
cereales refinados

Pasta, fideos, arroz y otros
cereales integrales

Cuscus, bulgur, etc.

Pizza como plato principal

Hamburguesas, hot dog,
kebab, falafel, sandwiches
no preparados en casa, etc.
Aperitivos

Frutos secos y semillas
(nueces, almendras, pipas,
cacahuetes, efc)

Frutas secas (datiles, pasas,
orejones, etc)

Ganchitos, patatas de bolsa,
palomitas de maiz (Doritos,
Riskettos, Triskis, Cheetos,
Lays, etc)

Napolitanas de jamén york y
queso, saladitos, galletas
saladas, etc.

Chocolate, barritas a base de
chocolate (mars, lions, kit
kat, conguitos, lacasitos...)
Caramelos, gominolas,
chucherias, etc.

Galletas, pastelitos
envasados, tartas (Donuts,

2 3 4
il=5] 4-6 1

veces veces vez al
por por dia

semana semana

2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
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Bollycao, napolitanas, cafias
de chocolates, etc)

Helados, polos, sorbetes de
fruta, barritas a base de
leche o fruta (Magnum,
Cornetto, Calippo, etc)
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14.6 Anexo 6. Cuestionario: Children Eating Behaviour Questionnaire

(CEBQ)

Paciente Visita Fecha actual
Dia Mes Afio

Cuestionario Infantil de Comportamiento Alimentario — CEBQ

Instrucciones
Por favor, lea las siguientes afirmaciones y marque con una cruz la respuesta mas apropiada (Unicamente una), para todasy
cada una de ellas, en relacién al comportamiento alimentario de su hijo/a.
Si quisiera corregir una respuesta, por favor, tache completamente |a respuesta y marque la deseada.

Nunca Rara Algunas Frecuen-

1 vezZ veces’ temente’ Stempre?

Ami hijo/a le encanta la comida

Mi hijo/a come mas cuando estd preocupado

Mi hijo/a tiene un gran apetito

Mi hijo/a termina su comida muy rapido

Mi hijo/a tiene interés en las comidas y los alimentos

Mi hijo/a siempre estd pidiendo algo de beber

Njlolu|lslw|Nn|k

Mi hijo/a rechaza los alimentos que no conoce cuando se le ofrecen por
primera vez

Mi hijo/a come despacio

9 Mihijo/a come menos cuando est3 enfadado

10 Mi hijo/a disfruta probando nuevos alimentos

11 Mi hijo/a come menos cuando esta cansado

12 Mi hijo/a siempre esta pidiendo comida

13 Mi hijo/a come mas cuando esta molesto o irritado

14 Si se le permitiera, mi hijo/a comeria demasiado

15 Mi hijo/a come mds cuando esta nervioso o inquieto

16 Mi hijo/a disfruta de una gran variedad de alimentos

17 Mi hijo/a deja comida en el plato al final de la comida

18 A mi hijo/a le cuesta mas de 30 minutos terminar de comer

19 Si fuera por él (ella), mi hijo/a estarfa comiendo la mayorfa del tiempo

20 Mi hijo/a espera con ganas las horas de las comidas

21 Mi hijo/a se llena antes de terminar de comer

22 Mi hijo/a disfruta comiendo

23 Mi hijo/a come mds cuando esta contento/a

24  Es dificil complacer a mi hijo/a con las comidas

25 Mi hijo/a come menos cuando estd disgustado

26 Mi hijo/a se llena facilmente con la comida

27 Mi hijo/a come mds cuando no tiene nada que hacer

28 Incluso cuando estd lleno, mi hijo/a esta dispuesto a comer su comida favorita

29 Si se le diera la oportunidad, mi hijo/a estaria bebiendo continuamente a lo
largo de todo el dia

30 Mi hijo/a no puede comerse la comida si ha tomado algo antes

31 Sise lediera la oportunidad, mi hijo/a estaria siempre tomando algo de beber

32 Mi hijo/a estd interesado en probar alimentos que no ha probado antes

33 Mi hijo/a decide que no le gusta una comida, incluso sin haberla probado

34 Sise le diera la oportunidad, mi hijo/a estaria siempre comiendo algo

35 Mi hijo/a come cada vez mas lento durante el transcurso de las comidas

OOoocoo O OOoodooooOodoooooooo0oo O Oooooo
1 T
O0C0000 O 00000ooooodoooooooo0og O Ooooos
OOooCo O OOoodooooo-doooooooo0oo O Ooooos
R
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14.7 Anexo 7. TGMD-3

est de Desarrollo Motor Grueso — Tercera Edicion

Formulario Normalizado de Registro

Version en Castellano. Traducido de Dale A.
Seccién 1. Informacién identificativa

Nombre del nifio o N2 identificacion #: Fecha:
Nombre del evaluador: Filiacion: Direccién Email del evaluador:
Fecha de evaluacién: Fecha de nacimiento: Género: |Hombre/ Mujer | Edad en afios:

Estado del peso del nifio/a: ‘Peso bajo / Peso no rmaI/Sobrepeso‘ Lugar de residencia del nifio/a: Ciudad / Alrededores de ciudad / Pequefia ciudad o rural‘ Dominancia

de mano: ‘Derecha / 1zquierda / Sin establecerse Dominancia de pie: Derecha / Izquierda / Sin establecerse|

Seccién 2. Anotaciones de resultado

e Laindicacién de todos los items requiere que inicialmente se le ofrezca al nifio/a una buena demostracién de la habilidad, que incluya todos los criterios de
rendimiento; que se le ofrezca un intento de préctica seguido de los dos intentos que se evaltan.

*  Elresultado de cada criterio de rendimiento es:

o 1-=serealiza correctamente
o 0= no serealiza correctamente

* Elresultado de los criterios de rendimiento se calculan sumando todos los criterios de rendimiento de cada habilidad.

¢ Elresultado de habilidad se calculan sumando todos los resultados de los criterios de rendimiento de cada habilidad.

* Elresultado del subtest de locomocién se calcula sumando los 6 resultados de las habilidades de locomocion.

e Elresultado del subtest de habilidades con balén se calcula sumando los 7 resultados de las habilidades con baldn.

* Elresultado total del test motriz grueso se calcula con la suma total de los resultados del subtest de locomocidn y el resultado del subtest de habilidades con
balon.

e Hemos aprendido que hay un efecto de perturbacién por quien evalia el test cuando éste esté inseguro de cémo se puntda un criterio de rendimiento.

e Cuando se testa a un nifio/a, si estéds inseguro de si el nifio/a realiza un criterio de rendimiento correctamente, incluye otro intento y simplemente observa
ese criterio de rendimiento y punttalo.

e Cuando se testa a nifios/as con una discapacidad o nifios/as muy pequefios/as que parecen distraerse facilmente, se recomienda tenerlos de pie en un lugar
pequefio de referencia (small poly spot) u otra zona marcada e indicarles que deben estar de pie en ese lugar y ver la demostracién. También ayuda el uso de
una zona de referencia o marcada que sefiale la posicién de inicio del nifio/a en las habilidades de locomocidn. Ofrecer a estos nifios/as una mayor
estructuracion durante el test deberia ser de ayuda.

©2016 by PRO-ED, Inc.
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Seccién 3. Subtest de registro del rendimiento

est de Desarrollo Motor Grueso - Tercera Edicion

Habilidad Material i Intentol | Intento2
Coloca dos conos a 15,2 m de distancia. 1. Los brazos se mueven en oposicién a las piernas con los codos doblados
18.3 m de espacio Asegurate que hay al menos 2,4-3,1m de 2. Breve periodo de ambos pies sin contacto con suelo
NG P espacio tras cada cono como distanciade | 3. Reducido apoyo del pie en el suelo con el talén o punta del pie (no apoyo
1. Carrera libre para correry . " .
o ey, | seguridad para parar. Dile al nifio/a que debe | plano)
correr veloz de un cono al otro cuando le digas | 4. La pierna libre doblada alrededor de 90 grados manteniendo el pie cerca
"Ya". Repite el segundo intento de las nalgas
Resultado de la habilidad
1. Brazos flexionados y balanceédndose hacia delante
7,6m de espacio Coloca dos conos a 7,6 m de distancia. Dileal | 2. Un paso adelante con el pie delantero seguido del trasero apoyando
2. Galope libre y dos conos o nifio/a que galope de un cono al otroy pare. | detras o al lado del delantero (no delante del delantero)
marcas Repite el segundo intento 3. Breve periodo de ambos pies sin contacto con la superficie
4. Se mantiene un patron ritmico de cuatro galopes consecutivos
Resultado de la habilidad
1. La pierna libre se balancea hacia delante de manera pendular para generar
Un mi dea6 Coloca dos conos a 4,6 m de distancia. Dileal | fuerza
3. Saltoa ;‘ minimo I?h 6™ | hifio/a que salte a la pata coja con un supie | 2- El pie dela pierna libre permanece detrés de la pierna de impulso (no
un pie @ espacio fDre Y | 45 minante (establecido antes del test). Repite | cruza por delante)
dos conos o marcas f : " n
el segundo intento 3. Los brazos flexionados y oscilan hacia delante para generar fuerza
4. Se realizan 4 saltos a un pie (preferido) consecutivos antes de pararse
Resultado de la habilidad
Coloca dos conosa9,1 m de distancia. Marca | 1. Realiza un paso adelante seguido de un salto/impulso con el mismo pie
4. Skipping | de espacio libre y dos lineas al final _de |05_9N,1 m con dos nuevos | 2. Los brazos se flexionan y mueven en oposicion a la piernas para generar
conos o marcas. Dile al nifio/a que salte skip de | fuerza
dos conos o marcas ; ’ . _— S— .
un cono a otro. Repite el segundo intento |3 Realiza 4 saltos de skipping consecutivos, ritmicos y alternativos
Resultado de la habilidad
1. Antes de despegar los pies, ambas rodillas estan flexionadas y los brazos
Un minimo de 3,1 m Marca una linea de inicio en el suelo, idos detrds de la espalda
5. Salto de espacio libre y colchoneta o alfombra. Coloca al nifio/a detrds | 2. Los brazos se extienden con fuerza hacia delante y arriba llegando por
horizontal esparadrapo o de la linea. Dile que salte lejos. Repite el encima de la cabeza
marcas segundo intento 3. Ambos pies se levantan del suelo juntos y aterrizan juntos
4. Ambos brazos se llevan atras durante el aterrizaje
Resultado de la habilidad

©2016 by PRO-ED, Inc.

Formulario Normalizado de Registro
Version en Castellano. Traducido de Dale A

est de Desarrollo Motor Grueso — Tercera Edicion

Coloca los dos conos a 7,6 m de distancia en una | 1. El cuerpo se sitda de lado de modo que los hombros permanecen
Un minimo de 7.6 m linea recta. Dile al nifio/a que se desplace alineados con la linea del suelo (se valora sélo en la direccion i
6. de espacio Iibre,una lateralmente de un cono al otro. Deja que sea el | 2. Un paso al lado con el pie delantero seguido del pie de detras, ambos pies
Desplazami Jinea recta y d’os nifio/a quien decida en qué direccién se se levantan del suelo brevemente (se valora sélo la direccién preferida)
ento lateral desplaza primero. Indica al nifio/a que vuelva | 3, Realiza 4 laterales continuos en la direccion preferida
conos o marcas ) S
desplazéndose lateralmente al punto de inicio.
Repite el segundo intento 4. Realiza 4 laterales conti en la direccion no preferida
Resultado de la habilidad
Resultado total del subtest de locomocién
Subtest de habilidades de balén
Habilidad Material Criterios de Intento 1 | Intento2
Una bola de plastico . " L
4o 10,2 cm de 1. La mano dominante que empufia el bate est4 arriba de la mano no
1.Bateoa | .. 4 Pon la bola en el palo de soporte alaalturade | preferida
dos manos | didmetro, unbatede |-\ Sl el nifio/a. Dile que golpee la pelota
pldstico y un palo de : aue golp _p 2. La cadera/hombro del lado no mira al frente
una bola . ore v ot fuerte al frente. Apunta al frente. Repite el »
estitica sop segundo intento 3. La caderay el hombro rotan y vuelven durante la accién de golpeo
instrumento que - - -
4. Realiza un paso con el pie no dominante
mantenga la pelota
en estatico 5. Golpea la bola enviandola al frente
Resultado de la habilidad
5 Golbeo Da la pala de plastico y la pelota al nifio. Dile 1. El niflo/a realiza un movimiento atras con la pala/raqueta cuando deja
: m: Una pelota de tenis, | que deje caer la pelota desde alto para que bote | -Potar labola
iaqueta | una pala/raqueta de | (el bote debe llegar a la altura de Ia caderal, tras | 2. Realiza un paso con el pie no preferido/dominante
tra’: bote | Plastico yunapared | el bote, golpeala bola hacia la pared. Apunta a | 3. Golpea la bola hacia la pared
la pared. Repite el segundo intento 2. La pala contintia avanzando hacia el hombro no preferido/dominante
Resultado de la habilidad
Un balén de 20,3
3.Botede | 254 cmpara3-5 Dile al nifio/a que bote el balén al menos 4 | 1. Contacta la bola con una mano aproximadamente a nivel dela cintura
baléncon | afios de edad o Veces consecutivamente sin mover sus pies, | 2. Impulsa la bola con la punta de los dedos (no golpea a la bola)
unamano | baloncesto para utilizando una mano y parando el balén
en estético | nifios de 6-10 afios y cogiéndolo. Repite el segundo intento 3. Mantiene control de la bola durante al menos 4 botes consecutivos sin
una superficie plana mover los pies para recuperar la bola
Resultado de la habilidad

©2016 by PRO-ED, Inc.
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Test of Gross Motor Development-Third Edition

TGMD-3

Examiner Record Form—-Norming

Dale A. Ulrich

Section 1. Identifying Information

Child's Name or ID #:

Examiner’s Name:

Affiliation: Examiner’s Email Address:

Date of Testing: Date of Birth:
Gender: Male[] Female ] Age in Years:

Child’s Residential Location: City["] Suburb of Gity ] Rural or Small Town []

Child's Weight Status: Underweight[] Normal (] Overweight[]
Preferred Hand: Right[] Left] NotEstablished[]  Preferred Foot: Right] Left[] Not Established ]

Section 2. Scoring Notes

« Directions for all test items require you to first give the child a good demonstration of the skill, which includes all of the performance witeria; give the child a practice trial, followed by two test trials
that you score.

« Score each performance criterion as:

° 1= performs correctly

° 0= does not perform correctly

Performance criteria scores are calculated by summing the score on trial 1and trial 2 for each performance criterion.

Skill scores are calculated by summing all of the performance criteria scores for each skill.
« The total locomotor subtest score s calculated by summing all 6 locomotor skill scores.

The total ball skills subtest score is calculated by summing the 7 ball skill scores.
« The total gross motor test score is calculated by summing the total locomotor subtest score and the total ball skills subtest score.

We have learned that test administrator bias occurs when the tester is unsure how to score a performance criterion. When testing a child, if you are unsure of whether the child performed a
performance criterion correctly, administer another trial and just look at that performance criterion and score it.

When testing children with a disability or very young children who appear to be distracted easily, it is recommended that you to have them stand on a small poly spot or other marker and tell them
to stand on the marker and watch your demonstration. It is also helpful to use another poly spot or marker as the child’s starting position for the locomotor skills. Giving these children more structure
during your testing should be helpful.

©2013 by PRO-ED, Inc.

Section 3. Subtest Performance Record

Locomotor Subtest

Skill Materials Directions Performance Criteria Trial 1 | Trial2 | Score
1. Run 60 feet (18.3 meters) of clear space | Place two cones 50 feet (15.2 meters) 1. Arms move in opposition to legs with elbows bent
to run, and two cones or markers | apart. Make sure there is at least 810 | 2. Brief period where both feet are off the surface
feet (2.4-3.1 meters) of space beyond | 3. Narrow foot placement landing on heel or toes (not flat-footed)
the cone for a safe stopping distance. .
Tell the child o run fast from one cone | & Non-support leg bent about 90 degrees sofoot is dose to buttocks
to the other cone when you say, “Go.”
Repeat a second trial.
Skill Score
2. Gallop 25 feet (7.6 meters) of clear space, | Place two cones 25 feet apart. Tell the 1. Arms flexed and swinging forward
and two cones or markers child to gallop from one coneto the other |5 ™4"ctep forward with lead foot followed with the trailing foot landing
cone and stop. Repeat a second trial. beside or a little behind the lead foot (not in front of the lead foot)
3. Brief period where both feet come off the surface
4. Maintains a rhythmic pattern for four consecutive gallops
Skill Score
3. Hop A minimum of 15 feet (4.6 meters) | Place two cones 15 feet apart. Tell 1. Non-hopping leg swings forward in pendular fashion to produce force
of clear space, and two conesor | the child to hop four time_son his/ 2. Foot of non-hopping leg remains behind hopping leg (does not cross in
markers her preferred foot (established before front of)
testing). Repeat a second trial. 3. Arms flex and swing forward to produce force
4. Hops four consecutive times on the preferred foot before stopping
Skill Score
4. Skip A minimum of 30 feet (9.1 meters) | Place two cones 30 feet apart. Mark 1. Astep forward followed by a hop on the same foot
of clear space, and two conesor | off twolines at least 30 feet apart with [~ arms are flexed and move in opposition to legs to produce force
markers cones/markers. Tell the child to skip - - - n
from one cone to the other cone. Repeat 3. Completes four continuous rhythmical alternating skips
asecond trial.
Skill Score
5. Horizontal | A minimum of 10 feet (3.1 meters) | Mark off a starting line on the floor, mat, | 1. Prior to take off both knees are flexed and arms are extended behind
jump of clear space, and tape or markers | or carpet. Position the child behind the the back
line. Tell the child to jump far. Repeata | 2. Arms extend forcefully forward and upward reaching above the head
second trial 3. Both feet come off the floor together and land together
4. Both arms are forced downward during landing
Skill Score
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Locomotor Subtest (continued)

Skill Materials Directions Performance Criteria Trial 1 | Trial2 | Score
6. Slide A minimum of 25 feet (7.6 meters) | Place two cones 25 feet apart on a 1. Body s turned sideways so shoulders remain aligned with the line on
of clear space, a straight line, and | straight line. Tell the child to slide from the floor (score on preferred side only)
two cones or markers one cone to the other cone. Let the child | 2. Astep sideways with the lead foot followed by a slide with the trailing
decide which direction toslide in first. foot where both feet come off the surface briefly (score on preferred
Ask the child to slide back to the starting side only)
point. Repeat a second trial. 3. Four continuous slides to the preferred side
4. Four continuous slides to the non-preferred side
Skill Score
Locomotor Subtest Total Score
Ball Skills Subtest
Skill Materials Directions Performance Criteria Trial 1 | Trial2 | Score
1. Two-hand | A 4-inch (10.2- centimeter) plastic Place ball on batting tee at child’s 1. Child's preferred hand grips bat above non-preferred hand
str|ke ofa |ball,a pIast|F bat, and a bamng_ tee | waist Ieve_l. Tell child to r_mthe pall 2. Child's non-preferred hip/shoulder faces straight ahead
stationary | or other device to hold ball stationary | hard, straight ahead. Point straight - . .
pall ahead. Repeat a second trial, 3. Hip and shoulder rotate and derotate during swing
4. Steps with non-prefered foot
5. Hits ball sending it straight ahead
Skill Score
2. One-hand | A tennis ball, a light plastic paddle, | Hand the plasticpaddle and ballto | 1. Child takes a backswing with the paddle when the ball is bounced.
forehand | and a wall child. Tell child to hold ball up and 2. Steps with non-preferred foot
strike drop it (so it bounces about waist 3 Suikes the ball dthewall
of self- height; offthe bounce, hit the ball | > *tfikes the ball toward the wa
bounced toward the wall. Point toward the 4. Paddle follows through toward non-preferred shoulder
ball wall. Repeat a second trial.
Skill Score
3. One-hand | An8-10inch (20.3—25.4 centimeter) | Tell the child to bounce the ball 1. Contacts ball with one hand at about waist level
stationary | playground ball for ages 3-5 years,a | at least four times consecutively 2. Pushes the ball with fingertips (not slapping at ball)
diibble | basketball for ages 610 years, anda | without moving their feet, using one | 3 " Maintains control of the ball for at least four consecutive bounces
flatsurface hand, and then stop by catching the without moving the feet to retrieve the ball
ball. Repeat a second trial.
Skill Score
3
Ball Skills Subtest (continued)
Skill Materials Directions Performance Criteria Trial 1 |Trial2 | Score
4. Two-hand | A 4-inch (10.2-centimenter) plastic | Mark off two lines 15 feet apart. The | 1. Child's hands are positioned in front of the body with the elbows flexed
catch ball, 15 feet (4.6 meters) of clear child stands on one line and the tosser
space, and tape or a marker stands on the other line. Toss the ball | 2. Arms extend reaching for the ball as it arrives
underhand to the child aiming at the | 3, Ballis caught by hands only
child's chest area. Tell the child to
catch the ball with two hands. Only
count atrial in which toss is near
child’s chest. Repeat a second trial.
Skill Score
5. Kicka An8-10inch (20.3-254 centimeters) | Mark off one line about 20 feet (6.1 1. Rapid, continuous approach to the ball
stationary | plastic, playground, or soccer ball; meters) fromthe wallandasecond | 2. Child takes an elongated stride or leap just prior to ball contact
ball tape or a marker; a wall; and clear line 8 feet (2.4 meters) beyond the _
space for kicking firstline. Place the ball onthe first line | 3. Non-kicking foot placed dose to the ball
closest to the wall. Tell the child torun | 4- Kicks ball with instep or inside of preferred foot (not the toes)
upand kick the ball hard toward the
wall. Repeatasecond trial.
Skill Score
6. Overhand | A tennis ball, a wall, and 20 feet (6.1 | Attach a piece of tape on the floor 1. Windup is initiated with a downward movement of handand arm
throw meters) of clear space 20feetfrom the wall. Have the child 1 "Rotates hip and shoulder to a point where the non-throwing side faces
stand behind the tape line facing the the wall
‘I:’alzli' T:Itlhthe chlltétoth;uwthe l:t”_ | 3. Steps with the foot opposite the throwing hand toward the wall
ardatinewall fepeata secondtrl 4. Throwing hand follows through after the ball release, across the body
toward the hip of the non-throwing side
Skill Score
7. Underhand | A tennis ball, tape, a wall, and 15 feet | Attach a piece of tape 15 feet from the | 1. Preferred hand swings down and back reaching behind the trunk
throw (4.6 meters) of space wall. Have the child stand behind the |- Steps forward with the foot opposite the throwing hand
tape line facing the wall. Tell the child - — p
1o throw the ball underhand and hit 3. Ballis tossed forward hitting the wall withouta bounce
the wall. Repeat a second trial. 4. Hand follows through after ball release to at least chest level
Skill Score

Ball Skills Subtest Total Score

| Total Gross Motor Score

-300 -




14.8 Anexo 8. Planificacion del entrenamiento con los diferentes objetivos a largo plazo

Mes NOVIEMBRE
Semana 12Semana 22Semana 32Semana 42 Semana
Dia lunes 4 martes 5 miercoles 6 jueves 7 viernes 8 Ilunes 11 martes 12 miercoles 13jueves 14 viernes 15 Ilunes 18 martes 19  miercoles 2Cjueves 21 viernes 22 |lunes 25 martes 26 miercoles 27jueves 28 viernes 29

Esterillas

Evaluacion Habilidad Motriz Familiarizacion con los videojuegos

Mes DICIEMBRE
Semana 12Semana 22Semana 32Semana 42 Semana
Dia lunes 2 martes 3 miercoles 4 jueves 5 miercoles 11jueves 12 viernes 13 Jlunes 16 martes 17 miercoles 18jueves 19

Esterillas

Mes
Semana 12 Semana 22Semana 32Semana 42 Semana 52semana
Dia martes 7 miercoles 8 jueves 9 viernes 10 [lunes 13 martes 14 miercoles 15jueves 16  viernes 17 Jlunes 20 martes 21 miercoles 22jueves 23 viernes 24 |lunes 27 martes 28  miercoles 2Sjueves 30 viernes 31

Esterillas

PACES PACES

FEBRERO

Mes
Semana 12Semana 2°Semana
Dia lunes 3 martes 4 miercoles 5 jueves 6 viernes 7 martes 11 miercoles 12jueves 13 viernes 14 Jlunes 17 martes 18  miercoles 1Sjueves 20  viernes 21 Jlunes 24 martes 25 miercoles 2€jueves 27  viernes 28

32Semana 42 Semana

Esterillas MSJJOO MSJJOO MSJJOO MSJJO0
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Mes
Semana
Dia

Esterillas

Mes
Semana
Dia

Esterillas

Mes
Semana
Dia

Esterillas

Mes
Semana
Dia

Esterillas

lunes 2

lunes 30

lunes 27

martes 3

martes 31

martes 28

12Semana
miercoles 4

12 Semana
miercoles 1 jueves 2

12 Semana
miercoles 29

viernes 3

lunes 9

lunes 4

martes 10

martes 5

22 Semana
miercoles 1

22 Semana

22Semana
miercoles 6 jueves 7

MARZO

lunes 16

MAYO

viernes 8

lunes 11

32Semana 42 Semana
martes 17 miercoles 1&jueves 19  viernes 20 |lunes 23 martes 24 miercoles 25jueves 26 viernes 27

32Semana 42 Semana
martes 14 miercoles 15jueves 16  viernes 17 |lunes 20 martes 21 miercoles 22 jueves 23 viernes 24

MSJJOO MSJJ0O

32Semana 42 Semana 52semana
martes 12 miercoles 13jueves 14  viernes 15 |lunes 18 martes 19 miercoles 2Cjueves 21 viernes 22 |lunes 25 martes 26 miercoles 27 jueves 28

MS1100 Rithim

lunes 1

martes 2

12Semana
miercoles 3 jueves 4

viernes 5

lunes 8

martes 9

22Semana
miercoles 1Cjueves 11

JUNIO

viernes 12

lunes 15

32Semana
martes 16 miercoles 17jueves18  viernes 19

MSJJOO MSJI00 MSJJOO
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14.9 Anexo 9: Cronograma del proyecto

2017 2018 2019

Activida |ago |[sept |o [nov [dic |ene |feb |mar [abr |may |jun |[jul |ago |sep |[oct |[nov |dic |ene |feb |[mar [abr |may |jun |jul |ago |sep |oct |nov |dic
ct

d
1
2
3
4
5
6
7

PL
8

10
11
12
13
14
15
16
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NonAE Db

2020

Actividad | ene | feb | mar | abr | may

jun | jul

ago

sep | oct

nov

2021

dic | ene | feb | mar | abr | may | jun | jul | ago | sep | oct | nov | dic

Disefio, redaccién del proyecto y busqueda de financiacion

Estandarizacion de procedimientos y formacion del personal

Reclutamiento inicial y estandarizacién de procedimientos

Divulgacion del proyecto (prensa, television, entrevistas...)
Primera evaluacion (pre-intervencion 1)

Desarrollo del programa de intervencion (1° afio)

Segunda evaluacion (Post-intervencion 1° afio)

PL: Periodo de lavado

8.
9.

10.
11.
12.

Reclutamiento de participantes (2° afio)
Primera evaluacion (pre-intervencion 2° afio)

Desarrollo del programa de intervencién (2° afio)

Segunda evaluacion (Post-intervencion 2° afio)

Repeticion de la primera evaluacidn (pre-intervencion 2° afio)

304

13.

14.
15.

16.

Repeticion del desarrollo del programa de intervencién adaptado a las
restricciones (2° ano)

Repeticion de segunda evaluacion (Post-intervencion 2° afio)

Creacion de base de datos previo al andlisis (Analisis de las pruebas y
exploraciones, extraccion y creacion de la base de datos)

Analisis de datos y diseminacion/difusion de resultados obtenidos (publicaciones

cientificas, asistencia a congresos, charlas, prensa, television, entrevistas. ..
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