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RESUMEN

La edad preescolar es un momento idéneo para establecer habitos de nutricion
y de actividad fisica (AF) adecuados que podran persistir en la edad adulta, siendo un
periodo critico para la prevencion de la obesidad, la cual se asocia con consecuencias
para la salud. Segun el curriculum de esta etapa, estd contemplado que se realicen
sesiones o partes de la misma dedicadas al ejercicio fisico y al juego. En la realidad, no
es suficiente el tiempo que se le esta dedicando a la AF por lo que se pueden estar

perdiendo importantes efectos beneficiosos para los nifios.

El objetivo de esta Tesis Doctoral es desarrollar un protocolo de evaluacién
de la condicion fisica (CF) en nifios preescolares, estableciendo las referencias
normativas al respecto, analizar el nivel de CF en edad infantil, asi como los factores
que la determinan y estudiar el efecto de la incorporacion de un programa de AF en las

sesiones ordinarias de Educacion Infantil.

Para poder alcanzar estos objetivos, hemos desarrollado diez estudios que dan
dado lugar a otros tantos articulos, y han ayudado a justificar y fundamentar esta Tesis y
sus resultados. Los articulos citados son los que siguen a continuacién: i) Actividad
fisica, CF y salud en nifios preescolares. Estudio de revision narrativa (paper 1); ii) La
fiabilidad test-retest de una evaluacion de la CF en nifios de 3-6 afios (paper II); iii)
Valores de referencia del salto horizontal en nifios en edad preescolar: un estudio de
base poblacional (paper I11); iv) Valores de referencia para la ejecucion de pruebas de
campo de sprint en nifios en edad preescolar: Un estudio poblacional (paper 1V); v) La
fuerza de prension la mano asociada con variables antropométricas y sexo en nifios en
edad preescolar: Un estudio transversal que proporciona valores de referencia (paper
V); vi) Valores de referencia del equilibrio estatico en nifios en edad preescolar: estudio
basado en una poblacion (paper VI); vii) Condicion Fisica en nifios preescolares:
asociacion con sexo, edad y estado ponderal (paper VII) ; viii) Practicas de
alimentacion, AF y CF en nifios espafioles en edad preescolar. Influencia de las medidas
sociodemograficas (paper VIII); ix) Madurez intelectual y CF en nifios en edad

preescolar (paper 1X); x) Efectos de un programa de actividad fisica en el entorno
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escolar sobre el estado fisico y la madurez intelectual en los nifios en edad preescolar

(paper X).

De todos estos estudios que fundamentan la Tesis, podemos extraer los

siguientes resultados:

A)

B)

C)

D)

La prevalencia de AF en preescolares es baja y no cumplen las recomendaciones
internacionales, lo cual se asocia a una creciente prevalencia de sobrepeso y
obesidad.

- los nifios de esta etapa tienen niveles bajos de actividad fisica, por debajo de
las recomendaciones internacionales, lo cual afecta a su CF y su salud actual, y
previsiblemente en su etapa de adolescencia y de adultos.

- La escuela es un espacio esencial para la promocion de la actividad fisica y
mejora de la CF y la salud.

- Serian recomendables proyectos educativos para los nifios, dirigidos a fomentar
habitos de actividad fisica y nutricion adecuados, asi como el uso de baterias de
test que se han validado para esta poblacion, para conocer su nivel de CF y

poder intervenir adecuadamente.

La bateria de CF disefiada para esta tesis en nifios preescolares ha obtenido
pardmetros de adecuados de fiabilidad, facil utilizacion y comprension por los
nifios. Las pruebas utilizadas fueron seguras, faciles de realizar, muy aceptables

y comprensibles para los nifios.

En la prueba de salto horizontal, los nifios mostraron un mayor rendimiento que
las nifias de 3 a 5 afios de edad, pero no se encontraron diferencias significativas
a los 6 afos de edad. En todo el grupo, el rendimiento fue mayor con el aumento
de la edad. Sin embargo, no se encontraron diferencias significativas entre los

nifios de 5 y 6 afos.

Los nifios son mas rapidos que las nifias de 3 a 5 afios de edad, pero no se
encontraron diferencias significativas a los 6 afios de edad. En relacion con la

edad, el tiempo de sprint fue mas corto cuando los nifios son mayores.
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E)

F)

G)

H)

J)

Los nifios mostraron una mayor fuerza de prension manual que las nifias en los
grupos de 4 y 5 afos, pero no se encontraron diferencias significativas a los 3 y

6 afos.

Las nifias exhibieron una puntuacién mas alta que los varones, en la prueba del
equilibrio, con su pierna derecha, mientras que no se encontraron diferencias
sexuales significativas para la pierna izquierda. En relacion con la edad, las
nifias exhibieron un mayor rendimiento que los nifios a los cuatro afios y un peor

rendimiento a los seis afos.

Los nifios mostraron una mayor resistencia cardiorrespiratoria, tiempo de
reaccion, fuerza y velocidad de marcha. Encontramos diferencias por sexo en los
diferentes grupos de edad (3, 4, 5 y 6 afos).

Las diferencias sexuales en la CF son evidentes a una edad temprana. La
relacion entre la CF y el indice de masa corporal (IMC) es inconsistente en los
nifios en edad preescolar. La mejora del rendimiento de la CF y su asociacion
con la AF, es determinante para la salud de los nifios, particularmente en la

prevencion de la obesidad.

Los nifios preescolares de este estudio presentaron valores elevados de
sobrepeso y obesidad y bajo nivel de AF, teniendo en cuenta las referencias
internacionales. Las nifias mostraron una CF inferior a la de los varones. Los
nifios cuyos padres presentaron un nivel socioeconémico bajo y sin estudios,

mostraron un nivel nutricional precario.

Desde una edad temprana, el rendimiento fisico-motor y la madurez intelectual
estan vinculados. La CF es capaz de predecir la madurez intelectual. Aumentar
la cantidad de tiempo dedicado a la educacion fisica puede promover beneficios

cognitivos en nifios preescolares.

No hubo diferencias significativas en ninguna variable en el pretest entre los
grupos, en las distintas pruebas del estudio: prueba de dibujo (GHDT), salto
horizontal, equilibrio, sprint y resistencia (10x20 m) En el postest, el EG logré
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mejores resultados en salto horizontal y sprint. En relaciéon con las diferencias
entre el pretest y postest, el EG mostré un mayor incremento en salto horizontal,

sprint, resistencia, y madurez intelectual

Conclusion final

La prevalencia de actividad fisica en preescolares es baja y no cumplen
las recomendaciones internacionales, lo cual se asocia a una creciente
prevalencia de sobrepeso y obesidad. Dentro de los correlatos que determinan la
practica de AF en preescolares destacamos la AF de los padres. La CF puede ser
un biomarcador de salud en edades tempranas, por lo que su analisis es esencial
en nifios preescolares. En este estudio se han aportado datos de fiabilidad de una
bateria de pruebas para analizar la CF en estas edades. Existen diferencias
significativas entre sexos en CF ya en una corta edad y las referencias
normativas en relacion con los diferentes componentes de la CF son necesarias.
Destacar la influencia de las variables sociodemograficas en la CF vy la relacion
de ésta con la madurez intelectual. En esta tesis, un programa de intervencion de

AF en las clases de Educacion Infantil mejora la CF y la madurez intelectual.
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INTRODUCCION

Actividad fisica en nifios preescolares

Los habitos asociados con la AF y con un estilo de vida activo representan un
factor significativo que afecta favorablemente a la salud de un individuo (Kvintova vy
Sigmund, 2016). Edwy (2015) afirma que la mayor conciencia de las relaciones entre la
AF vy la salud puede influir en el estilo de vida de los sujetos, y al mismo tiempo,
aumentar positivamente su motivacion. Esta relacion entre AF y salud, se ha sefialado
en estudios previos (Fagaras, Radu y Vanvu, 2015; Pedisi¢, Rakovac, Titze, Juraki¢, &

Oja, 2014).

Identificar las maneras de promover la AF y disminuir el tiempo sedentario
durante la infancia es un problema clave de salud publica, sin embargo, la investigacion
sobre las influencias de la AF de los nifios en edad preescolar y el comportamiento

sedentario es limitada y ha producido resultados inconsistentes (Schmutz et al. 2017).

La infancia es un momento esencial para la promocion de habitos de vida
saludables como la AF y la evitacién de comportamientos sedentarios (Jones, Hinkley,
Okely y Salmon, 2013). Sin embargo, varios estudios han demostrado que la AF de los
nifios en edad preescolar es moderadamente baja (Grzywacz et al. 2014; IP et al. 2016;
Tucker, 2008) no cumpliendo con las recomendaciones de AF (Palmer et al 2016). En
este sentido, el estilo de vida sedentaria a esta edad es elevado (De Bock, Genser, Raat,
Fischer y Renz-Polster, 2013). Segin O'Dwyer et al. (2014), los nifios manifiestan
mayores niveles de moderada y vigorosa AF que las nifias, aunque todos los nifios no
acumulan suficiente AF para obtener beneficios para la salud. Ademas, los nifios con
sobrepeso son significativamente menos activos que sus pares sin exceso de peso
durante el dia preescolar, aungue no se observan diferencias significativas en las nifias
(Trost, Sirard, Dowda, Pfeiffer y Pate, 2003). Por otro lado, Grentved, et al. (2009)
destacan que los nifios invierten una proporcién significativamente mayor del tiempo en
la AF moderada y vigorosa, y presentan un nivel total méas alto de AF en comparacion
con las nifias; ademas, los nifios de 3-4 afios de edad emplean menos tiempo en AF

moderada y vigorosa, y manifiestan un nivel total menor de AF en comparacion con los
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nifios de 4-5 afios y los nifios de 5-6 afios. Por tanto, el sexo y la edad son fuertes
predictores de la AF en nifios preescolares. Tucker’s (2008) en una revision sistematica
sobre los niveles de AF de los nifios en edad preescolar (2-6 afios) sefiala a treinta y
nueve estudios primarios (publicados 1986-2007) que representan un total de 10.316
participantes (5.236 varones y 5.080 mujeres), procedentes de siete paises y donde se
describen si las conductas de AF de esta poblacion se consideran de acuerdo con la
pautas de AF para los nifios preescolares (NASPE). Las recomendaciones actuales
sugieren un minimo de 60 minutos de AF por dia y sélo el 54% de los participantes
logré este nivel de practica. Se desprende de esta revision, que casi la mitad de los nifios
estudiados no cumplen con las pautas recomendadas para la AF. Por lo tanto, las
intervenciones efectivas que promuevan y fomenten la AF en los nifios, son necesarias.
Sin embargo, una pauta mas objetiva de la AF para los nifios en edad preescolar es
importante, por lo que la medicion de la AF tiene que ser mas unificada para comparar y
seguir la actividad de forma mas efectiva. En este sentido, uno de los inconvenientes
para analizar el nivel de AF de los nifios preescolares se centra en el tipo de registro
realizado. La acelerometria es una tecnologia que permite registrar de manera precisa
los niveles de AF diaria y ha sido ya empelada en preescolares (Beets, Bornstein,
Dowda y Pate, 2011; Burgi et al 2011; Puder et al., 2011) pero los resultados sefialan
una gran variabilidad e interpretaciones confusas entre estudios (Bornstein, Beets, Byun
y Mclver, 2011), ademaés de las dificultades afiadidas para el uso de este instrumental en

ninos de esta edad.

Existen limitados estudios que analicen los posibles correlatos de la AF asociada
con el crecimiento y la madurez (con la excepcion del indice de masa corporal, IMC), la
CF y el dominio de las habilidades de movimiento (Malina y Katzmarzyk, 2006),
especialmente en los nifios en edad preescolar. Algunos factores no modificables como
el sexo y la edad, y otros modificables como los ingresos familiares y el tiempo de los
nifos al aire libre, se correlacionan con la AF moderada y vigorosa, y con los niveles de
sobrepeso y obesidad. Asi, el conocimiento de estos factores puede ser util en el disefio
y la orientacion de las intervenciones para disminuir la cantidad de tiempo sedentario y
aumentar la cantidad de AF moderada y vigorosa en los nifios pequefios (Dolinsky et al.
2011).

11
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Hay otros factores mas o menos susceptibles de modificacion, que se han
asociado al sobrepeso y la obesidad en nifios preescolares: el IMC materno y paterno
afecta al IMC en la primera infancia, pero el efecto general del IMC materno era mas
fuerte que el paterno, una mayor ganancia de peso durante la gestacion en madres sin
sobrepeso y obesidad se relaciona con el riesgo de sobrepeso en la infancia temprana
(Gaillard et al. 2013); ademas, la duracion del suefio diario de menos de 12 horas
durante la infancia parece ser un factor de riesgo para el sobrepeso y la obesidad en los
nifios en edad preescolar (Taveras, Rifas-Shiman, Oken, Gunderson, y Gillman, 2008).
Segun Van Stralen et al. (2012), existe una asociacion positiva entre el comportamiento
sedentario (principalmente el tiempo de uso de pantallas, television, ordenadores,
moviles, etc.) con el IMC y la circunferencia de la cintura. Segun Hinkley et al. (2008),
los nifios con padres activos tendian a ser mas activos. En este sentido, recientemente
Abbott et al. (2016) muestran que los habitos de AF y uso de la television de los padres
se asocian a estos mismos comportamientos en sus hijos en edad preescolar, aspecto
confirmado en el reciente estudio de Barkin et al. (2017) que asocia el nivel de AF de
los padres con el de sus hijos. A su vez, los factores personales tienen la mayor
influencia en la AF, mientras que los factores ambientales presentan la mayor influencia

en el comportamiento sedentario (Schmutz et al. 2017)

Burgi et al. (2011) indican que en los nifios en edad preescolar, el nivel de AF se
asocia con mejoras en la capacidad del corazon y la capacidad aerdbica, siendo un
factor determinante del riesgo cardiovascular. Del mismo modo, los altos niveles de
rendimiento aerdbico y la coordinacion motora son fuertes predictores de la AF durante
la infancia (Lopes, Rodrigues, Maia, y Malina, 2011). Puder et al. (2011) muestran que
en nifios preescolares el nivel de AF estd asociado a la mejora de las habilidades
motoras y la capacidad aerobica, siendo un determinante del riesgo cardiovascular. El
nivel de AF se ha relacionado igualmente como un factor temprano de riesgo de
obesidad en nifios preescolares (Reilly et al., 2005). Te Velde et al. (2012) muestran
que la AF se asocia de manera inversa con el sobrepeso. A su vez, Okely, Booth y
Chey (2004) destacan que el IMC y la circunferencia de la cintura fueron predictores
significativos de las habilidades motrices fundamentales en nifios y adolescentes.
Niederer et al., (2013) por su parte sefialan ademas la asociacién entre el IMC vy el nivel

de CF en nifios preescolares. Metallinos et al. (2007), en su estudio sobre la asociacion
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entre la AF y el IMC en preescolares, indican que los nifios con sobrepeso presentaban
menores minutos diarios activos y muy activos que los nifios que no tenian sobrepeso.
El estudio concluyé que la actividad vigorosa y muy vigorosa se asocia con menores
probabilidades de sobrepeso. En este sentido y en relacion con el tipo de AF,
recientemente Leppdanen et al. (2016) destacan la asociacion entre la AF vigorosa vy el
mayor indice de masa libre de grasa, lo cual se asocia a su vez con mejor CF, por lo que,
la promocién de AF vigorosa puede ser importante para mejorar la composicion
corporal y la CF ya a una edad temprana. A su vez, en nifios preescolares, la masa grasa
y la masa libre de grasa parecen tener asociaciones conjuntas pero opuestas con la CF,
un marcador importante para la salud actual y futura de los nifios (Henriksson et al.
2016).

Sanchez, Jiménez, Ferndndez & Sénchez (2013), afiaden, que en relacién al
sobrepeso y la obesidad, no existe un criterio comun para establecer su identificacion
mediante el IMC. En Espafia, es habitual el empleo de las curvas y tablas de crecimiento
de la Fundacién Orbegozo y que corresponde al percentil 85 el estado sobrepeso y al
percentil 95 el de obesidad, especificos por edad y sexo (Sobradillo et al. 2004). De
Onis et al. (2007), elaboran unas nuevas curvas de crecimiento, que vienen a

complementar la falta de acuerdo para la poblacion de 5 a 19 afios.

Por lo tanto, la inactividad fisica se considera actualmente el cuarto factor de
riesgo en lo que respecta a la mortalidad mundial. La obesidad infantil ocasiona varias
complicaciones del tipo psicoldgicas, cardiovasculares, ortopédicas, respiratorias, y
endocrinas (Cérdoba y Paola, 2013). Moreno (2012), en su estudio sobre el problema
de la obesidad infantil en paises desarrollados como Espafia, expone que ha aumentado
alarmantemente el numero de casos en los ultimos afios. Teniendo en cuenta los valores
de prevalencia de sobrepeso y obesidad, De Onis, Blossner y Borghi (2010) analizaron
un total de 450 encuestas transversales representativas a nivel nacional de 144 paises,
mostrando que en 2010, 43 millones de nifios (35 millones en los paises en desarrollo)
se ubicaron en el sobrepeso y la obesidad y 92 millones estaban en riesgo de sobrepeso.
La prevalencia mundial de sobrepeso y obesidad infantil aumenté del 4.2% en 1990 al
6.7% en 2010. Con esta tendencia se espera llegar al 9.1% ¢ =60 millones en 2020. El
aumento observado en la prevalencia del sobrepeso y la obesidad entre los afios 1990 y

2010 en la primera infancia, es una consecuencia probable de un cambio en los patrones
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de nutricién y AF. En el contexto europeo, la prevalencia de sobrepeso incluyendo la
obesidad, oscila entre el 8% en nifias alemanas al 30% en las nifias espafiolas y la
obesidad del 1% en las nifias belgas al 13% en los varones espafioles, utilizando los
criterios de la OMS. En general, las nifias preescolares tienen una mayor prevalencia de
sobrepeso y obesidad que los varones (Van Stralen et al. 2012). Estos resultados
confirman la necesidad de intervenciones eficaces que comienzan en la infancia para
revertir las tendencias. A su vez, debido a la prevalencia de obesidad observada en nifios
y jovenes, muchas investigaciones y profesionales se han interesado en promocionar la

AF en nifios preescolares (Boyle et al., 2010).

A pesar del hecho de que una vida sedentaria a esta edad es muy comun, pocos
estudios sobre programas de intervencion con AF se han centrado en el tiempo de
estancia escolar (Howie y Pate, 2012). La aplicacion de programas de intervencion en
AF en nifios de 3 a 6 afios, requiere ademas de medidas de evaluacion y seguimiento de
la CF relacionada con la salud, vélida y fiable para esta poblacion. Monsalves et al.
(2015), afirman que una intervencidn con actividades mas intensas en pequefios recreos
puede incrementar los patrones motores basicos en nifios preescolares, y esta mejora
en los patrones motores es el primer paso para el incremento de los niveles de AF. Para
Delgado y Montes, (2015), seria interesante mejorar los programas de actividad fisico-
deportiva desde edades tempranas. Por otra parte, O'Neill, Pfeiffer, Dowda &
Pate,(2016), estudiaron la relacién entre la AF de los nifios de preescolar, en la escuela
y fuera de la escuela, y concluyeron que no hay diferencia significativa en la cantidad
de AF que hacen fuera del contexto escolar, entre los nifios que hacen mas AF en la

escuela, y los que hacen menos.

Finalmente, el propio curriculum de Educacién Infantil (RD1630/2006, de 9 de
diciembre, por el que se establecen las ensefianzas minimas del segundo ciclo de
Educacion infantil) pone de manifiesto mediante las areas de conocimiento y los
blogques de contenido, la importancia de la motricidad y la salud en esta etapa educativa,
lo cual requiere instrumentos que permitan objetivar de manera precisa y especifica las
adquisiciones en el ambito de la AF y la salud en estas edades. A su vez, la presencia en
el curriculo universitario de un Grado de Educacion Infantil y de materias especificas
como Didéactica de la Educacion Fisica en Educacion Infantil o Motricidad y Salud,

hacen necesaria la incorporaciéon de lineas de investigacion de esta naturaleza, que
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presenten un alto grado de innovacion e interés educativo y social. Teniendo en cuenta
que la etapa preescolar (3 a 6 afos) es especialmente sensible a la adquisicion de los
primeros aprendizajes y conductas saludables que sin lugar a dudas posteriormente
tienen proyeccion en la infancia, adolescencia e incluso vida adulta, seria interesante
establecer los niveles de referencia que tipifiquen un estado fisico saludable asociado al
nivel de AF, CF, estado ponderal y nutricional, como marco de referencia para
establecer programas de intervencion especificos de AF saludable. A su vez, habria que
acordar, después de los estudios pertinentes, los criterios de prescripcion de ejercicio
saludable en esta poblacion, en lo que se refiere a los componentes de la carga como por
ejemplo la frecuencia y duracion. Finalmente, como sefialan Palmer et al. (2016) los
centros escolares de Educacion Infantil, deberian proporcionar AF estructurada dentro

de su jornada escolar.

Condicidn fisica y salud en nifios de etapa preescolar

La CF es la capacidad que permite al individuo llevar a cabo sus actividades
diarias sin fatiga indebida y con reserva adecuada para disfrutar actividades de ocio
activo (Malina & Katzmarzyk, 2006). Para Ruiz et al. (2011), la CF se define como la
capacidad que tiene una persona para realizar AF y/o ejercicio, y constituye una medida
integrada de todas las funciones y estructuras que intervienen en la realizacion de AF o

ejercicio.

Los componentes de la CF, son: la fuerza, la resistencia cardiorrespiratoria, la
velocidad, equilibrio, fuerza y flexibilidad (Council of Europe Committee for the
Development of Sport (1998). Segln Molnar y Livingstone (2000), se pueden agrupar
los componentes en dos grandes categorias: los aspectos relacionados con la salud
(capacidad aerobica, fuerza muscular, resistencia muscular y flexibilidad) y los aspectos
relacionados con la habilidad (agilidad, equilibrio, coordinacién, potencia, tiempo de
reaccion y velocidad). En este sentido, Stodden et al. (2008) sefialan que el desarrollo
de la competencia de habilidades motoras es un mecanismo subyacente primario que
promueve la participacion en la AF. Los nifios con peor rendimiento de habilidades
motoras, son menos activos que los nifios con habilidades motoras mas desarrolladas.

Esta relacion entre el rendimiento de las habilidades motoras y la AF podria ser
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importante para la salud de los nifios, en particular en la prevencion de la obesidad
(Williams et al. 2008). EI desarrollo tanto de la salud (fuerza muscular y aptitud
aerdbica) como de la habilidad relacionada con la agilidad y la velocidad pueden
facilitar el compromiso y acercamiento hacia la AF para los nifios en edad preescolar
(Tanaka et al. 2012). En este sentido, Sigmundsson y Haga (2016), destacan la
vinculacion entre las habilidades motrices, el nivel de CF y AF en nifios de 4 a 6 afios.
Segun CIiff, Okely, Smith y Mckeen (2009), altos niveles de rendimiento aerébico y

coordinacion motora son fuertes predictores de la AF en nifios durante la infancia.

El nivel de CF es un potente biomarcador de la salud desde una edad temprana
(Ortega, Ruiz, Castillo y Sjostrom, 2008). Ademas, la AF y la CF estan muy
relacionadas con la salud y con el sobrepeso (Fogelholm, Stigman, Huisman,
Metsdmuuronen, & Metsamuuronen, 2008; Rauner, Mess, & Woll, 2013). En este
sentido, la obesidad actia como mediador entre la aptitud cardiorrespiratoria y la
presion arterial en nifios preescolares (Pozuelo et al. 2017). Gomez et al. (2012) y
Casajus et al. (2012) sefialan que la CF, adiposidad y distribucién grasa observadas en

la infancia, han mostrado tener relacion con la salud cardiovascular en la edad adulta.

El nivel de CF se puede evaluar objetivamente mediante test de laboratorio y test
de campo (Ruiz et al., 2011). Existen diversas baterias de evaluacién de la CF en nifios
y adultos (Bateria Eurofit y Seniors Test) pero el problema esta en adaptarla y validarla
a la poblacion infantil de 3 a 6 afios. Fulton et al. (2001), destacan la necesidad de
desarrollar métodos validos para la medicion de la AF y el comportamiento sedentario,
lo cual se considera el primer paso necesario para llevar a cabo la vigilancia

significativa de la CF y la investigacion de intervenciones para nifios de 2-5 afios.

Pérez (2013) sefiala que a pesar de que existen diferentes pruebas para cada uno
de los componentes de la CF son escasos los test que cumplen todos los requisitos de
medir y valorar con fiabilidad la CF en edad infantil. Para Ayén et al. (2015) las
pruebas de Course-Navette y Mini-Cooper son medidas confiables de aptitud
cardiorrespiratoria que pueden usarse para evaluar la CF relacionada con la salud en
nifios en edad preescolar. Ortega et al. (2015), proponen la bateria de pruebas (PREFIT)

como una herramienta Gtil para evaluar la CF en nifios de 3 a 5 afios de edad.
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Teniendo en cuenta los estudios previos sobre el analisis de la CF en nifios
preescolares destacamos las escasas investigaciones llevadas a cabo. Zhou, Ren, Yin,
Wang y Wang (2014), no encontraron diferencias significativas entre el sexo en
equilibrio, salto de longitud y velocidad, aunque los nifios llevan a cabo un mejor
rendimiento con el tiro de pelota de tenis, 20m de gateo y flexibilidad que las nifias. A
su vez, Birgi et al. (2011) no encontraron diferencias significativas entre nifios y nifias
preescolares en la capacidad aerdbica o pruebas de equilibrio. Por su parte, Tanaka,
Hikihara, Ohkawara y Tanaka (2012), sefialan que los nifios (varones) muestran un
mayor rendimiento en salto horizontal y velocidad de carrera, unido a un peor

equilibrio, respecto a las nifias.

Estos resultados controvertidos podrian ser debidos a la relativa idoneidad y
validez de las pruebas de evaluacién de la CF a estas edades, asi pues, mas estudios
debieran realizarse con pruebas adaptadas a estas edades que precisen realmente el nivel

de CF en nifios en edad preescolar.
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OBJETIVOS

Objetivos principales:

Establecer la validacion y fiabilidad de un protocolo de evaluacién de la
CF relacionada con la salud en nifios de 3 a 6 afios.

Analizar la asociacion entre CF, madurez intelectual, niveles de
actividad fisica y estado ponderal y nutricional en nifios de 3 a 6 afios.
Analizar el efecto de un programa de ejercicio fisico en la CF estado

ponderal y desarrollo cognitivo de nifios de 3 a 6 afios.

Obijetivos especificos:

Revisar la AF y CF en nifios preescolares y su relacion con la salud
(Paper I).

Determinar la fiabilidad de una bateria de pruebas para medir la CF en
nifios de 3 a 6 afios (Paper I1).

Examinar las diferencias de edad y sexo en el salto horizontal y
determinar los valores referenciados por norma para los nifios
preescolares espafioles (Paper 111).

Determinar los valores de referencia en el test de sprint de 20 m para los
nifios preescolares esparioles y examinar la influencia de la edad, el sexo
y las caracteristicas antropométricas en el rendimiento del sprint (Paper
V).

Examinar la influencia de la edad, el sexo y las variables antropométricas
en la fuerza de la mano y determinar los valores referenciados por
normas para los nifios en edad preescolar (Paper V).

Examinar las diferencias de edad y sexo en el equilibrio estatico y
determinar valores normalizados para los nifios preescolares espafioles
(Paper VI).
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- Determinar la CF en nifios de 3 a 6 afios de edad. Discriminacion por
sexo, edad e IMC (Paper VII).

- Analizar el estado nutricional, el nivel de AF y la CF de nifios
preescolares en relacion con el sexo y con las variables
sociodemogréaficas de los padres (Paper VIII).

- Analizar la asociacién entre madurez intelectual y CF en nifios en edad
preescolar (Paper 1X).

- Examinar los efectos de un programa de 10 semanas de juegos aerdbicos
sobre la CF y la madurez intelectual en nifios en edad preescolar (Paper
X).
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MATERIAL Y METODOS

La seccidon de material y métodos de la presente memoria de Tesis se resume en
la siguiente tabla que incluye la informacién metodoldgica méas relevante de los

articulos que componen la memoria de Tesis (Tabla 1):
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TABLAL. TABLA RESUMEN DE MATERIAL Y METODOS

Articulo Disefio del Participantes Protocolo ejecutado Variable medida
estudio

I: Actividad fisica, Estudio de - La busqueda se efectud desde Septiembre de 2016 a Febrero de 2017, en las bases de datos: Pubmed, Sportdiscus,
condicion fisica y salud en  revisién ERIC, Web of Science, Scopus, ERIC y Dialnet.
nifios preescolares. narrativa - Palabras clave usadas para la busqueda: Actividad fisica, condicion fisica, salud, educacion infantil, etapa
Estudio de revision preescolar.
narrativa
Il. La fiabilidad test-retest  Estudio n= 553 nifios Dos sesiones separadas, 48 horas. Primera sesion de pruebas, RDT, salto - Fuerza de prension
de una evaluacion de la transversal de 3 a 6 afios horizontal (dos repeticiones) y equilibrio (dos ensayos con cada pierna) manual
condicion fisica basada en 274 nifios Dos dias después, las pruebas del sprint de 20 m (dos ensayos) y la - Tiempo de reaccion
el campo de 279 nifas prueba de 10x20m (un ensayo). Los nifios realizaron un calentamiento. - Salto horizontal.

nifios de 3-6 afios

Durante las pruebas, los nifios fueron motivados y animados en todo
momento.

- Equilibrio

- Sprint de 20 m.

- Resistencia,10 x 20
- Sexo

- Edad (3- 6 afos)

I11. Los valores de Estudio
referencia de salto transversal
horizontal en nifios en

edad preescolar: un

estudio de base

poblacional

n=3555 nifios
de 3 a 6 afios
1809 nifios
1746 nifias

Antes de la prueba, los nifios realizaron un calentamiento. La prueba
SLJ, se realizd sobre una superficie dura (dos ensayos, el mejor ensayo
fue registrado). Los nifios realizaron algunos ensayos de familiarizacién
para el SLJ. El equipo de investigacion realiz6 una demostracion.
Durante las pruebas, los nifios fueron motivados y animados en todo
momento. Una semana después, realizaron la misma prueba.

- Fuerzaen el tren
inferior (salto)

- Sexo

- Edad (3-6 afios)
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Articulo Disefio del Participantes Protocolo ejecutado Variable medida
estudio
IV. Valores de referencia  Estudio n: 3076 nifios Antes de la prueba, los nifios realizaron un calentamiento de cinco - Velocidad
para la ejecucion de la transversal de 3 a 6 afios minutos de baja intensidad. Posteriormente, se realizd el ensayo de 20 m - Sexo
prueba de sprint de 20 1537 nifios de sprint (dos ensayos con 120 segundos de recuperacién entre los - Edad (3- 6 afios).
mts. en nifios en edad 1539 nifias. ensayos, se registrd el mejor ensayo) en una superficie plana, dura'y
preescolar: Un estudio antideslizante, con la linea de inicio y la linea de llegada marcadas. Dos
poblacional evaluadores realizaron en cronometraje. El equipo de investigacion
realiz6 una demostracién. Los nifios estaban motivados para correr lo
mas rapido posible. La prueba se midié con un cronémetro y se
resgistraba con una precisién de 0,1 segundos. Una semana después,
realizaron la misma prueba.
V. La fuerza de prensién Estudio n: 1215 nifios Los participantes de pie con el brazo completamente extendido, - Fuerza de prension
la mano asociada con transversal de 3 a 6 afios formando un angulo de 30 ° con respecto al tronco. Cada participante de las manos
variables antropométricas 625 nifos realiz6 dos intentos con cada mano. Durante la medicion, le pedimosal - Sexo
y sexo en nifios en edad 590 nifias sujeto que agarre el dinamdmetro usando la fuerza maximay que - Edad (3 - 6 afios).
preescolar:  Un estudio sostenga la empufiadura durante tres segundos. Los nifios fueron
transversal que motivados y animados a alcanzar la mejor puntuacién posible EIl equipo
proporciona valores de de investigacién realizé una demostracion y los nifios realizaron algunos
referencia ensayos de familiarizacion. La puntuacién méaxima en kilogramos para
cada mano fue registrada y la puntuacién media de ambas manos se
utilizé en los analisis. Una semana después, realizaron la misma prueba .
VI. Valores de referencia Estudio n: 3575 nifios, Los participantes se quitan el calzado, colocan sus manos en las caderas, - Equilibrio con una
del equilibrio estatico en transversal de 3 a 6 afios y hacen contactar la planta de un pie, contra el interior de la rodillade la  pierna (derecha e
nifos en edad preescolar: 1816 nifios pierna de apoyo. A la sefial, el nifio intentard mantener su equilibrio en la  izquierda)
estudio basado en una 1759 nifias postura antes sefialada, durante el mayor tiempo posible (maximo un - Sexo

poblacién

minuto). La prueba terminaba cuando el nifio movia sus manos de las
caderas, el pie se movia de su posicion original, o cuando el pie que
estaba en el aire contactaba con el suelo. Se usé un cronémetro, que
inicio su conteo cuando el taldn se elevé desde el suelo. Se registré el
tiempo total en segundos. Se hicieron dos intentos con ambas piernas y
se registrd el mejor de los resultados de cada una.

- Edad (3 - 6 afos).
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Articulo Disefio del Participantes Protocolo ejecutado Variable medida
estudio

VII. Condicion fisica en Estudio n= 3868 nifios En dos sesiones diferentes.

nifios preescolares: transversal de 3 a 6 afios Durante la primera sesion se realizé la prueba del RDT (dos ensayos con - RT

asociacion con sexo, edad 1961 nifios cada mano), la prueba de salto horizontal (dos ensayos) y la prueba de - Equilibrio

y peso corporal (estado 1907 nifias equilibrio (dos ensayos con cada pierna). En la siguiente sesion (dos dias - Salto horizontal

ponderal) después), las pruebas del sprint de 20 m (dos ensayos) y 10 x 20m (un - Sprint de 20 m.
ensayo. En las pruebas que se realizaron dos repeticiones, se registré el - Resistencia,10 x 20
mejor de los intentos. Antes de las sesiones los nifios realizaban un - Sexo
calentamiento Ademas, los nifios realizaron algunos ensayos de - Edad (3- 6 afios).
familiarizacion.

VIII. Practicas de Estudio n= 1287 nifios Mediante un cuestionario sociodemografico realizado ad hoc, se recogié - Estado nutricional

alimentacion, actividad transversal de 3 a 6 afios informacién de los padres. Como parametros antropométricos, se - Fuerza de prension

fisica y condicion fisica en 643 nifos analizaron la altura, el peso y el indice de masa corporal (IMC). manual

nifios espafoles en edad 644 nifias Ademas, se registro el contorno del abdomen a nivel de la cicatriz - Equilibrio

preescolar. Influencia de
las medidas
sociodemogréficas

1267 padres

918 H. y 349 M.

umbilical. Para el anélisis de la CF, se empled una bateria de pruebas
que midid: fuerza de prensién manual, equilibrio, salto horizontal, sprint
de 20 my 10 x 20 m. El analisis del estado nutricional, tiempo de uso de
pantallas y AF se realizé mediante el cuestionario Krece Plus.

- Salto horizontal

- Sprint de 20 m.

- Resistencia,10 x 20
- Antropometria

- Datos
sociodemogréficos
de los padres

- Sexo

- Edad (3 - 6 afios).
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Articulo Disefio del Participantes Protocolo ejecutado Variable medida
estudio
IX. Madurez intelectual y ~ Estudio n= 1012 nifios La prueba del dibujo, GHDT, se evalué durante la primera sesién. En la - Fuerza de prension
condicion fisica en nifios transversal de 3 a6 afios segunda sesion, RDT, prueba de salto horizontal y la de equilibrio. Dos manual
de preescolar. 502 nifios dias después, durante la tercera - Equilibrio
510 nifias sesion, se realizaron la de 20m. sprint y 10 x 20 m. - Salto horizontal
Antes de las sesiones de prueba, los nifios realizaron un calentamiento. - Sprint de 20 m.
Ademas, los nifios realizaron algunos ensayos de las pruebas. Los nifios - Resistencia,10 x 20
fueron motivados y animados durante las pruebas. - Sexo
- Edad (3- 6 afios).
X. Efectos de un programa  Estudio N= 111 nifios, Los nifios fueron evaluados en tres sesiones en un pretest, y en otras - Fuerza de prension
de actividad fisica en el longitudinal de3a6afiosde tantas en el postest. Entre el pretest y postest, pasaron 10 semanas. manual
entorno escolar sobre edad. Durante la primera sesién, se realiz6 la prueba del dibujo GHDT. En - Tiempo de reaccién
CF vy la 60 nifios una segunda sesion, RDT, prueba de salto horizontal y la de equilibrio. - Salto horizontal.
intelectual en los nifios en 51 nifas. En una tercera sesion, la de sprint de 20 m. y 10 x 20 m. Antes de las - Equilibrio
edad preescolar EG,n=56 sesiones de las pruebas, los nifios realizaron un calentamiento, ademés de - Sprint de 20 m.
CG,n=55 algunos ensayos de las pruebas. Los nifios fueron motivados y animados - Resistencia,10 x 20
Asignados durante las pruebas. - Madurez intelectual

aleatoriamente

- Sexo
- Edad (3- 6 afios).
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RESULTADOS

Los resultados se presentan en la forma en que han sido previamente sometidos
y publicados en revistas cientificas. Adicionalmente, se ofrece una tabla resumen de los

principales resultados obtenidos en cada uno de los estudios (Tabla 2):
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TABLA 2. TABLA DE RESULTADOS

Articulo

RESULTADOS

l. Actividad fisica,
condicion fisica y salud en
nifios preescolares. Estudio
de revision narrativa

La prevalencia de AF en preescolares es baja y no cumplen recomendaciones internacionales, lo cual se asocia a una creciente
prevalencia de sobrepeso y obesidad. Dentro de los correlatos que determinan la practica de AF en

preescolares destacamos la AF de los padres. La CF puedes ser un biomarcador de salud en edades tempranas. Existen diferencias
significativas entre sexos en CF ya en una corta edad

I1. La fiabilidad test-retest
de una evaluacion de la
condicion fisica basada en
el campo de

nifios de 3-6 afios

Participaron un total de 553 nifios, de entre 3 y 6 afios de edad (279 nifias y 274 nifios). Los resultados obtenidos en este estudio
indican que la bateria de CF para preescolares ha obtenido parametros de fiabilidad test-retest adecuados y es capaz de discriminar
segun la edad entre las diferentes pruebas en nifios sanos de 3 a 6 afios.

I11. Los valores de
referencia del salto de
longitud en nifios de edad
preescolar: un estudio de
base poblacional

Participaron un total de 3555 nifios, de 3 a 6 afios de edad (1746 nifias y 1809 nifios ). En el andlisis de la fiabilidad de la prueba de
salto horizontal con 86 nifios (48% varones, edad = 56,22 + 10,34 meses), se obtuvieron los siguientes resultados descriptivos
(media, desviacion estandar): en el pre-test = 76,53 + 20,20 cm, postest = 74,56 + 21,12 cm (p = 0,124), y un coeficiente de
correlacion intraclase = 0,913 (intervalo de confianza del 95% = 0,866-0,943). Los nifios mostraron un mayor rendimiento que las
nifias de 3 a 5 afios de edad, pero no se encontraron diferencias significativas a los 6 afios de edad. En todo el grupo, el rendimiento
de SLJ fue mayor con el aumento de la edad. Sin embargo, no se encontraron diferencias significativas entre los nifios de 5 y 6 afios.

IV. Valores de referencia
para la ejecucion de
pruebas de campo de sprint
en nifios en edad
preescolar: Un estudio
poblacional

Participaron un total de 3076 nifios, de 3 a 6 afios de edad (1539 nifias y 1537 nifios). Para medir el sprint, se utiliz6 la prueba de
velocidad de 20 m. En el analisis de la fiabilidad, utilizando test-retest con 89 nifios (48% varones). Se obtuvieron los siguientes
resultados descriptivos (media, desviacion estandar): en pretest = 5,72 + 0,98 s, en postest= 5,71 + 0,87 s (p = 0,819), y un
coeficiente de correlacion intraclase = 0,929 (intervalo de confianza del 95%: 0,891 - 0,954).

Los nifios son mas rapidos que las nifias de 3 a 5 afios de edad, pero no se encontraron diferencias significativas a los 6 afios. En
relacion con la edad, el tiempo de sprint fue mas corto a medida que los nifios crecieron.
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Articulo

RESULTADOS

V. La fuerza de prension
manual  asociada  con
variables antropométricas
y sexo en nifios en edad
preescolar:  Un estudio
transversal que
proporciona valores de
referencia

Participaron un total de 1215 nifios, de 3 a 6 afios de edad (590 nifias y 625 nifios). Los nifios mostraron un mayor rendimiento que
las nifias en los grupos de 4 y 5 afios, pero no se encontraron diferencias significativas a los 3 y 6 afios. En relacién con el
crecimiento, el desempefio del HS fue mayor con el aumento de la edad. El andlisis de correlacion de Pearson muestra correlaciones
significativas entre HS y masa corporal (r = 0,354, p <0,001), altura corporal (r = 0,352, p <0,001), indice de masa corporal (r =
0,164, p <0,001) y circunferencia de cintura = 0,118, p & It; 0,001).

VI. Valores de referencia
del equilibrio estéatico en
nifios en edad preescolar:
estudio basado en una
poblacion

Participaron un total de 3575 nifios, de 3 a 6 afios de edad (1759 nifias y 1816 nifios). Las nifias exhibieron una puntuacion mas alta
en su pierna derecha que los varones (media, SD = 8,63 £+ 9,35 s frente a 7,88 + 8,70 s respectivamente, p = 0,014), mientras que no
se encontraron diferencias sexuales significativas para la pierna izquierda. Las nifias exhibieron un mayor rendimiento que los nifios
a los cuatro afios (p <0,001) y un peor rendimiento a los seis afios (p = 0,002). El andlisis de correlacion de Pearson mostré
correlaciones significativas entre la SB y la masa corporal (r = 0,106, p <0,001), altura corporal (r = 0,175, p <0,01) y WC (r =
0,044, p <0,01).

VII. Condicion fisica en
nifios preescolares:
asociacioén con sexo, edad
y peso corporal (estado
ponderal)

Participaron un total de 3868 nifios, de 3 a 6 afios de edad (1907 nifias y 1961 nifios) . Se encontraron diferencias significativas
entre los sexos y los diferentes grupos de edad. La CF aumenté con la edad.

En los 10 x 20m, las diferencias de sexo se encontraron en 5-6 afios, los nifios muestran un mayor rendimiento.

En el salto horizontal, las diferencias sexuales fueron encontradas en 3 y 4-5 afios, los nifios mostraron un mayor rendimiento.

En el equilibrio, las nifias exhibieron un mayor rendimiento que los nifios a los cuatro afios y un peor rendimiento a los seis afios.
En la velocidad de carrera, las diferencias de sexo se encontraron a los 3 y 4-5 afios, los nifios mostraron un mayor rendimiento.
En relacién con el estado ponderal, la prevalencia de sobrepeso fue del 8,1% y la obesidad 8,9%.

Segun el analisis de correlacion de Pearson, destacar que el IMC no correlaciond con la CF, excepto con el equilibrio, con el que
muestra una baja correlacion.

36



Mora-Lopez D. J, 2017

Tesis doctoral

Articulo

RESULTADOS

VIII. Précticas de
alimentacidn, actividad
fisica y condicion fisica en
nifios espafioles en edad
preescolar. Influencia de
las medidas
sociodemogréficas

Participaron un total de 1287 nifios de entre 3y 6 afios de edad (644 nifias y 643 nifios), y 1267 padres (el 72,4% eran madres y el
27,6%, padres). Las nifias presentaron niveles mas bajos de sobrepeso y obesidad que los nifios. Existieron diferencias

significativas por sexos en el consumo de determinados alimentos: mayor consumo de lacteos en el desayuno y aceite de oliva en
nifias y mayor consumo de comidas rapidas y pastas o arroz en los varones. Los varones presentaron una

mejor CF. Los nifios del estrato socioeconémico méas bajo mostraron mayor indice de masa corporal, peor estado nutricional y méas
bajo nivel de AF. Los nifios de padres con estudios universitarios presentaron menor indice de masa corporal y mejor estado
nutricional.

IX. Madurez intelectual y
condicion fisica en nifios
de preescolar.

Participaron un total de 1012 nifios, de entre 3 y 6 afios de edad (502 nifias y 510 nifios). Con respecto a la edad, las diferencias
fueron significativas entre todos los grupos en todas las pruebas de CF. Los nifios tuvieron mejores resultados en las pruebas de
salto horizontal y pruebas de sprint de 20 m (p<0,001). Las nifias obtuvieron mejores resultados en el GHDT (p= 0,001). El
subgrupo de menor puntuaciéon en GHDT, también tuvieron menor rendimiento en la CF. Hubo una correlacion significativa entre el
GHDT y la CF.

X. Efectos de un programa
de actividad fisica en el
entorno escolar sobre el
estado fisico y la madurez
intelectual en los nifios en
edad preescolar

Participaron un total de 111 nifios, de 3 a 6 afios de edad (51 nifias y 60 nifios). Asignados aleatroriamente a un grupo experimenta
(EG) =56y otro grupo control (CG) = 55. No hubo diferencias significativas en ninguna variable en el pretest entre los grupos. En
el postest, el EG logré mejores resultados en salto horizontal y sprint. En relacién con las diferencias entre el pretest y el postest, el
EG mostré un mayor incremento en salto horizontal, sprint, resistencia, y madurez intelectual. Es importante destacar que se
encontré una correlacion significativa entre el incremento de la madurez intelectual y el incremento de la altura corporal (r =
0.297, p <0.05), el equilibrio (r = 0.238, p <0.05) y el sprint (r = -0.275, p <0.01).
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CONCLUSIONES

La prevalencia de AF en nifios preescolares es baja y no cumplen con las
recomendaciones internacionales, lo cual se asocia a una creciente prevalencia
de sobrepeso y obesidad. Dentro de los correlatos que determinan la practica de
AF en preescolares destacamos la AF de los padres. La CF puedes ser un
biomarcador de salud en edades tempranas. Existen diferencias significativas
entre sexos en CF ya en una corta edad y las referencias normativas en relacién
con los diferentes componentes de la CF son necesarias. Por ultimo, es
importante incorporar programas de AF estructurada para nifios de 3 a 6 afios

dentro y fuera del colegio.

La bateria de pruebas de CF desarrollada en esta Tesis ha obtenido parametros
adecuados de fiabilidad test-retest, y fue capaz de discriminar, utilizando la
edad, entre las diferentes pruebas en nifios sanos de 3 y 6 afos. Las pruebas
utilizadas fueron seguras, faciles de realizar, muy aceptables y comprensibles
para los nifios. En consecuencia, los profesores, entrenadores y demas personal
que trabaja con nifios de estas edades pueden usar esta bateria de pruebas a pesar

de no tener una gran variedad de materiales y recursos tecnoldgicos.

En esta Tesis se establecen los valores normativos para el salto horizontal, el
sprint de 20 metros, el equilibrio estatico y la dinamometria manual en nifios

sanos de 3 a 6 afios.

Las diferencias sexuales en la CF son evidentes a una edad temprana, ademas, la
relacién entre la CF y el IMC es inconsistente en los nifios en edad preescolar.
Las mejoras en el rendimiento fisico y su asociacion con la actividad fisica
podrian ser importantes para la salud de los nifios, particularmente en la

prevencion de la obesidad.
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Los nifios preescolares de este estudio presentaron valores elevados de
sobrepeso y obesidad y bajo nivel de AF, teniendo en cuenta las referencias
internacionales. Las nifias mostraron una CF inferior a la de los varones. Los
nifios cuyos padres presentaron un nivel socioecondémico bajo y sin estudios

mostraron un nivel nutricional precario.

A partir de una edad temprana, el rendimiento fisico-motor y la madurez
intelectual estan vinculados. La CF es capaz de predecir la madurez intelectual.
Aumentar la cantidad de tiempo dedicado a la educacion fisica puede promover

beneficios cognitivos en nifios preescolares.

Un programa de juegos aerobicos en el ambiente escolar mejoré la CF y la
madurez intelectual en los nifios preescolares. Estos datos indican que los nifios
en edad preescolar exhiben una capacidad de entrenabilidad fisica y mejora,
considerables. Ademas, en este estudio se encontraron correlaciones entre
madurez intelectual y altura corporal, equilibrio y sprint. Al mismo tiempo, el

equilibrio y el sprint son predictores de la madurez intelectual.
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PROSPECTIVAS FUTURAS DE ESTUDIO

La informacion sobre la conveniencia de AF en todas las edades para la mejora de
la salud tiene que hacer recapacitar a la comunidad educativa sobre la importancia de
incluirla de manera mas programada en los curriculum escolares, asi como ampliar el
tiempo dedicado a la AF, ya que aun no hay horario asignado a la misma en Educacion

Infantil de manera reglada.

Analizar en posteriores investigaciones, si el aumento del tiempo diario y de las
horas semanales en general, dedicadas a actividades y juegos fisicos, mejora la actitud
y comportamiento de los nifios, asi como su capacidad e interés por adquirir nuevos

aprendizajes.

También seria interesante analizar en otras investigaciones, la repercusion que
pudiera tener, ampliar el periodo de actividades y juegos funcionales en los nifios de
preescolar, para su participacion en tareas de la casa, y el desarrollo de su autonomia

personal, rendimiento académico y otros parametros de salud.

Por ultimo, seria interesante analizar la relacion entre el desarrollo de las habilidades
motrices basicas (locomotrices y manipulativas) y la CF o niveles de AF en estas

edades.
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RESUMEN

El propdsito de este trabajo es revisar y analizar los resultados de las
investigaciones mds recientes sobre la actividad fisica en ninos de la etapa de
Educacion Infantil, y la repercusion que ésta tiene sobre algunos problemas para la
salud, como el sobrepeso y la obesidad. Igualmente pretendemos analizar los
programas y protocolos que se hayan realizado para analizar la condicién fisica de
los ninos preescolares. A partir de esta revision, podemos destacar que los nifios de
esta etapa tienen niveles bajos de actividad fisica, por debajo de las
recomendaciones internacionales, lo cual afecta a su condicién fisica y su salud
actual, y previsiblemente en su etapa de adolescencia y de adultos. La escuela es
un espacio esencial para la promocion de la actividad fisica y mejora de la
condicion fisica y la salud. Serian recomendables proyectos educativos para los
ninos, dirigidos a fomentar hdbitos de actividad fisica y nutricion adecuados, asi
como el uso de baterias de test que se han validado para esta poblaciéon, para
conocer su nivel de condicidn fisica y poder intervenir adecuadamente.

PALABRAS CLAVE:

Actividad fisica; condicion fisica; salud; educacion infantil; etapa preescolar.
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1. INTRODUCCION

La edad preescolar es un momento idoneo para establecer hdbitos de
actividad fisica (AF) y nutricion adecuados, que mejorardn el nivel de condicién
fisica (CF) esencial para la prevencion de algunas enfermedades, como la
obesidad, la cual se asocia con consecuencias para la salud que pueden persistir
en la adolescencia y edad adulta (Kondric, Trajkovski, Strbad, Foreti¢ y Zeni¢ 2013;
Reilly, et al. 2005; Singh, Mulder, Twisk, Van Mechelen y Chinapaw, 2008; Latorre,
Mora y Garcia, 20146). La importancia de la CF para la salud es bien conocida y las
investigaciones han demostrado que hay beneficios fisicos y psicologicos cuando
los ninos participan en la AF (Ahn & Fedewa, 2011; - Janssen & Leblanc, 2010). A su
vez, la AF sobre todo de caracter moderada a intensa favorece el crecimiento
normal en ninos preescolares (Butte et al. 2016).

La escuela representa un espacio esencial para la promocion de AF y mejora
de la CF y la salud, sin embargo, actualmente en Espana, a pesar de que la
Educacion Fisica y la AF forman parte de manera relevante del curriculo de
Educacion Infantii (REAL DECRETO 1630/2006, de 29 de diciembre) y su
reconocimiento es importante en la Comunidad Educativa (Jordan, Navarro, Sudrez
y Madrona, 2006; Latorre, 2007) , la escasez de espacios y recursos materiales
adecuados y seguros, y posiblemente una deficiente asignacion horaria de las
clases de Educacion Fisica en Educacion Infantil, provocan que gran parte
(aproximadamente un 60%) del profesorado de Educacién Infantil sefale que la
Educacion Fisica no se trabaja suficientemente (Latorre, 2007). Por tanto, la
promocion de la AF desde el entorno escolar, en el tiempo de ocio y en el hogar, asi
como el compromiso de los padres en la sensibilizacion sobre los beneficios que
presenta la prdctica precoz de la AF en ninos preescolares, es esencial para la
creacion de este habito saludable, para la prevencion del sobrepeso y obesidad y
para ayudar a establecer una éptima calidad de vida.

= Objetivo

Realizar una revision de cardcter narrativo de la AF y CF en ninos
preescolares y su relacion con la salud.

* Metodologia

La presente revision narrativa pretende resumir los hallazgos bibliograficos
con respecto a los factores asociados con la AF y CF en ninos de 3 a é anos de
edad. En una revision narrativa, la seleccién de articulos no tiene que ajustarse a un
andlisis sistematico (Granth & Booth, 2009). Sin embargo, para precisar la selecciéon
de las investigaciones a analizar en este estudio, en diciembre del 2016, se realizé
una busqueda exploratoria en siete base de datos: Pubmed, Sportdiscus, ERIC, Web
of Science, Scopus, ERIC y Dialnet. Los términos de busqueda utilizados fueron los
siguientes: AF, ejercicio fisico, CF, estado ponderal, sobrepeso, salud, preescolares,
revision y sedentarismo. Cada estudio incluido en esta revision narrativa tuvo que
cumplir con los siguientes criterios: (1) ser una revision sistematica o meta-andlisis
de estudios (diseno transversal o longitudinal) o revisién sistemdtica de revisiones;
(2) estudios originales que pretenden analizar factores asociados a la AF y CF en
ninos preescolares (3) publicado en inglés o espanol; (4) entre 2000 y 2017; (5)
Incluyen ninos sanos (excepto con sobrepeso y obesidad) (de 3 a 6 anos).
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1.1. ACLARACION TERMINOLOGICA
A.- infancia o ninez

Los conceptos de infancia y ninez presentan una gran complejidad no sélo a
nivel social, sino desde la propia etimologia de estas palabras. Segin la RAE, Real
Academia de la Lengua Espanola, (2014), “Infancia” proviene del latin infanta, cuyo
significado primario alude a la incapacidad de hablar y define a los infdans o infantis
como aquéllos que no tienen voz. Para la RAE, la infancia es delimitada como: i) el
periodo de la vida humana desde que se nace hasta la pubertad; ii) el conjunto de
los ninos de tal edad; iii) el primer estado de una cosa después de su nacimiento o
fundacion. Por ofro lado, la RAE define al infante en su primera acepcién, como: i) el
nino que aun no ha llegado a la edad de siete anos. Wasserman (2001) resalta que
la etimologia de la palabra infancia proviene del latin in-fandus, que significa “no
habla o que no es legitimo para tener la palabra”.

Segun Newman y Newman (1983) podriamos hablar de una primera infancia
(desde al nacimiento a los 2 anos); 2) segunda infancia (desde los 2 a los 4 anos); 3)
primera ninez (desde los 5 a los 7 anos); 4) segunda ninez (desde los 8 a los 12
anos). Para Kaplan, Sadock, y Grebb (1997), la infancia, se entenderd como el
periodo que va desde el nacimiento hasta los tres anos, y la ninez, el que abarca
de los tres a los doce anos, etapa en la que se produce un importante desarrollo
fisico, emocional y de ingreso al grupo social mas amplio.

B.- etapa de educacion infantil o etapa preescolar

Encontramos en la literatura dos términos diferentes para definir la etapa a la
que nos referimos en el presente trabajo de revision. Por una parte, en el marco
legislativo estatal y autonémico, se cita como Etapa de “Educacion Infantil”. Esa
etapa se divide en dos ciclos: el primero que comprende a los ninos con edades
entre 0 y 3 anos, y un segundo ciclo, de los 3 a 6 anos (REAL DECRETO 1630/2006).
Muchos de los articulos y trabajos revisados sobre esta etapa, por autores de indole
estatal, utilizan este término de “Etapa de Educacién Infantil”, (Jorddn, et al. 2006;
Lirio-Diaz, 2014; Luque, 2015). Por otfro lado, en gran parte de la literatura cientifica,
los autores consultados, emplean el término “etapa, edad o poblacion preescolar”,
para referirse a los nifos de la etapa de Educacién Infantil (Ai-Wen Hwang et al.
2014; Alino, Navarro, Lopez y Pérez, 2007; Bouldin y Pratt, 1999 (3 a 9,5 anos); Birgi,
2011 (4 a é anos); Latorre et al. ,2014; Niederer et al. 2013; Tango, 2010 (3-7); Tucker,
2008 (2 - 6 anos); Tucker et al., 2016 & Schmutz, 2017).

2. ACTIVIDAD FiSICA EN NINOS PRESCOLARES

Los hdabitos asociados con la AF y con un estilo de vida activo representan un
factor significativo que afecta favorablemente a la salud de un individuo, (Kvintova
y Sigmund, 2016). Edwy (2015) afirma que la mayor conciencia de las relaciones
entre la AF y la salud puede influir en el estilo de vida de los sujetos, y al mismo
tiempo, aumentar positivamente su motivacion. Esta relacion entre AF y salud, se ha
senalado en estudios previos (Fagaras, Radu y Vanvu, 2015; Pedisi¢, Rakovac, Titze,
Jurakié¢, & Oja, 2014).
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Identificar las maneras de promover la AF y disminuir el tiempo sedentario
durante la infancia es un problema clave de salud publica, sin embargo, la
investigacion sobre las influencias de la AF de los nifos en edad preescolar y el
comportamiento sedentario es limitada y ha producido resultados inconsistentes
(Schmutz et al. 2017).

La infancia es un momento esencial para la promocion de hdabitos de vida
saludables como la AF y la evitacion de comportamientos sedentarios (Jones,
Hinkley, Okely y Salmon, 2013). Sin embargo, varios estudios han demostrado que la
AF de los ninos en edad preescolar es moderadamente baja (Grzywacz et al. 2014;
IP et al. 2016; Tucker, 2008) no cumpliendo con las recomendaciones de AF (Palmer
et al 2014). En este sentido, el estilo de vida sedentaria a esta edad es elevado (De
Bock, Genser, Raat, Fischer y Renz-Polster, 2013). Segun O'Dwyer et al. (2014), los
ninos manifiestan mayores niveles de moderada y vigorosa AF que las ninas,
aunque todos los ninos no acumulan suficiente AF para obtener beneficios para la
salud. Ademads, los ninos con sobrepeso son significativamente menos activos que
sus pares sin exceso de peso durante el dia preescolar, aunque no se observan
diferencias significativas en las ninas (Trost, Sirard, Dowda, Pfeiffer y Pate, 2003). Por
ofro lado, Grentved, et al.(2009) destacan que los niiios invierten una proporcién
significativamente mayor del tiempo en la AF moderada y vigorosa, y presentan un
nivel total mds alto de AF en comparaciéon con las nifas; ademds, los nifios de 3-4
anos de edad emplean menos tiempo en AF moderada y vigorosa, y manifiestan
un nivel total menor de AF en comparacion con los ninos de 4-5 anos y los ninos de
5-6 anos. Por tanto, el sexo y la edad son fuertes predictores de la AF en ninos
preescolares. Tucker's (2008) en una revision sistematica sobre los niveles de AF de
los ninos en edad preescolar (2-6 anos) senala a treinta y nueve estudios primarios
(publicados 1986-2007) que representan un total de 10.316 participantes (5.236
varones y 5.080 mujeres), procedentes de siete paises donde se describen si las
conductas de AF de esta poblacion se consideran de acuerdo con la pautas de AF
para los ninos preescolares (NASPE). Las recomendaciones actuales sugieren un
minimo de 60 minutos de AF por dia y solo el 54% de los participantes logré este
nivel de practica. Se desprende de esta revision, que casi la mitad de los nifos
estudiados no cumplen con las pautas recomendadas para la AF. Por lo tanto, las
intervenciones efectivas que promuevan y fomenten la AF en los ninos, son
necesarias. Sin embargo, una pauta mas objetiva de la AF para los ninos en edad
preescolar es importante, por lo que la medicion de la AF tiene que ser mas
unificada para comparar y seguir la actividad de forma mas efectiva. En este
sentido, uno de los inconvenientes para anadlizar el nivel de AF de los ninos
preescolares se centra en el tipo de registro realizado. La acelerometria es una
tecnologia que permite registrar de manera precisa los niveles de AF diaria y ha
sido ya empelada en preescolares (Beets, Bornstein, Dowda y Pate, 2011; Burgi et al
2011; Puder et al, 2011) pero los resultados senalan una gran variabilidad e
interpretaciones confusas entre estudios (Bornstein, Beets, Byun y Mclver, 2011),
ademas de las dificultades ainadidas para el uso de este instrumental en niios de
esta edad.

Existen limitados estudios que analicen los posibles correlatos de la AF
asociada con el crecimiento y la madurez (con la excepcion del indice de masa
corporal, IMC), la CF y el dominio de las habilidades de movimiento (Malina y
Katzmarzyk, 2006), especialmente en los ninos en edad preescolar. Algunos
factores no modificables como el sexo y la edad, y otros modificables como los
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ingresos familiares y el tiempo de los ninos al aire libre, se correlacionan con la AF
moderada y vigorosa, y con los niveles de sobrepeso y obesidad. Asi, el
conocimiento de estos factores puede ser Util en el diseno y la orientaciéon de las
intervenciones para disminuir la cantidad de tiempo sedentario y aumentar la
cantidad de AF moderada y vigorosa en los ninos pequenos (Dolinsky et al. 2011).

Hay otros factores mds o menos susceptibles de modificacion, que se han
asociado al sobrepeso y la obesidad en ninos preescolares: el IMC materno y
paterno afecta al IMC en la primera infancia, pero el efecto general del IMC
materno era mds fuerte que el paterno, una mayor ganancia de peso durante la
gestacion en madres sin sobrepeso y obesidad se relaciona con el riesgo de
sobrepeso en la infancia temprana (Gaillard et al. 2013); la duracion del sueno
diario de menos de 12 horas durante la infancia parece ser un factor de riesgo para
el sobrepeso y la obesidad en los ninos en edad preescolar (Taveras, Rifas-Shiman,
Oken, Gunderson, y Gillman, 2008). Latorre, Mora y Garcia (2014), seialan que los
ninos con padres de nivel socioecondémico alto presentaron mejor estado
nutricional, mayor tiempo de AF y menor uso de pantallas. Los ninos de padres con
estudios universitarios presentaron también mejor estado nutricional, ademas de un
menor IMC y mayor salto horizontal. Segin Van Stralen et al. (2012), existe una
asociacion positiva entre el comportamiento sedentario (principalmente el tiempo
de uso de pantallas, television, ordenadores, moéviles, etc.) con el IMC y la
circunferencia de la cintura. Segun Hinkley et al.(2008), los nifos con padres
activos tendian a ser mds activos. En este sentido, recientemente Abbott et al. (2014)
muestran que los hdbitos de AF y uso de la television de los padres se asocian a
estos mismos comportamientos en sus hijos en edad preescolar, aspecto
confirmado en el reciente estudio de Barkin et al. (2017) que asocia el nivel de AF
de los padres con el de sus hijos. A su vez, los factores personales tienen la mayor
influencia en la AF, mientras que los factores ambientales presentan la mayor
influencia en el comportamiento sedentario (Schmuiz et al. 2017)

Burgi et al. (2011) indican que en los nihos en edad preescolar, el nivel de AF
se asocia con mejoras en la capacidad del corazén y la capacidad aerdbica,
siendo un factor determinante del riesgo cardiovascular. Del mismo modo, los altos
niveles de rendimiento aerébico y la coordinacion motora son fuertes predictores de
la AF durante la infancia (Lopes, Rodrigues, Maia, y Malina, 2011). Puder et al. (2011)
indican que en ninos preescolares el nivel de AF estd asociado a la mejora de las
habilidades motoras y la capacidad aerdbica, siendo un determinante del riesgo
cardiovascular. El nivel de AF se ha relacionado igualmente como un factor
temprano de riesgo de obesidad en ninos preescolares (Reilly et al., 2005). Te Velde
et al. (2012) muestran que la AF se asocia de manera inversa con el sobrepeso. A
su vez, Okely, Booth y Chey (2004) destacan que el IMC y la circunferencia de la
cintura fueron predictores significativos de las habilidades motrices fundamentales
en niios y adolescentes. Niederer et al.,, (2013) seialan ademas la asociacion entre
el IMC y el nivel de CF en ninos preescolares. Metallinos et al. (2007), en su estudio
sobre la asociacion entre la AF y el IMC en preescolares, indican que los ninos con
sobrepeso presentaban menores minutos diarios activos y muy activos que los ninos
que no tenian sobrepeso. El estudio concluyé que la actividad vigorosa y muy
vigorosa se asocia con menores probabilidades de sobrepeso. En este sentido y en
relacion con el tipo de AF, recientemente Leppdnen et al. (2016) destacan la
asociacion entre la AF vigorosa y el mayor indice de masa libre de grasa, lo cual se
asocia a su vez con mejor CF, por lo que, la promociéon de AF vigorosa puede ser
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importante para mejorar la composicion corporal y la CF ya a una edad temprana.
A su vez, en ninos preescolares, la masa grasa y la masa libre de grasa parecen
tener asociaciones conjuntas pero opuestas con la CF, un marcador importante
para la salud actual y futura de los ninos (Henriksson et al. 2016).

Sdanchez, Jiménez, Ferndndez & Sanchez (2013), anaden, que en relacién al
sobrepeso y la obesidad, no existe un criterio comun para establecer su
identificacion mediante el IMC. En Espaia, es habitual el empleo de las curvas y
tablas de crecimiento de la Fundacion Orbegozo y que corresponde al percentil 85
el estado sobrepeso y al percentil 95 el de obesidad, especificos por edad y sexo
(Sobradillo et al. 2004). De Onis et al. (2007), elaboran unas nuevas curvas de
crecimiento, que vienen a complementar la falta de acuerdo para la poblacion de
5a 19 anos.

Por lo tanto, la inactividad fisica se considera actualmente el cuarto factor de
riesgo en lo que respecta a la mortalidad mundial. La obesidad infantil ocasiona
varias complicaciones del tipo psicolégicas, cardiovasculares, ortopédicas,
respiratorias, y endocrinas, (Cérdoba y Paola, 2013). Moreno (2012), en su estudio
sobre el problema de la obesidad infantil en paises desarrollados como Espaia,
expone que ha aumentado alarmantemente el nUmero de casos en los Ultimos
anos. Teniendo en cuenta los valores de prevalencia de sobrepeso y obesidad, De
Onis, Blossner y Borghi (2010) analizaron un total de 450 encuestas transversales
representativas a nivel nacional de 144 paises, mostrando que en 2010, 43 millones
de niinos (35 millones en los paises en desarrollo) se ubicaron en el sobrepeso y la
obesidad y 92 millones estaban en riesgo de sobrepeso. La prevalencia mundial de
sobrepeso y obesidad infantil aumenté del 4.2% en 1990 al 6.7% en 2010. Con esta
tendencia se espera llegar al 9.1% 6 =60 millones en 2020. El aumento observado en
la prevalencia del sobrepeso y la obesidad entre los anos 1990 y 2010 en la primera
infancia, es una consecuencia probable de un cambio en los patrones de nutriciéon
y AF. En el contexto europeo, la prevalencia de sobrepeso incluyendo la obesidad,
oscila entre el 8% en ninas alemanas al 30% en las ninas espanolas y la obesidad
del 1% en las ninas belgas al 13% en los varones espanoles, utilizando los criterios de
la OMS. En general, las nihas preescolares tienen una mayor prevalencia de
sobrepeso y obesidad que los varones (Van Stralen et al. 2012). Estos resultados
confirman la necesidad de intervenciones eficaces que comienzan en la infancia
para revertir las tendencias. A su vez, debido a la prevalencia de obesidad
observada en nifos y jovenes, muchas investigaciones y profesionales se han
interesado en promocionar la AF en ninos preescolares (Boyle et al., 2010).

A pesar del hecho de que una vida sedentaria a esta edad es muy comun,
pocos estudios sobre programas de intervenciéon con AF se han centrado en el
tiempo de estancia escolar (Howie y Pate, 2012). La aplicacion de programas de
intervencion en AF en ninos de 3 a 6 anos, requiere ademds de medidas de
evaluacion y seguimiento de la CF relacionada con la salud, vdlida y fiable para
esta poblacion. Monsalves et al. (2015), afirman que una intervencion con
actividades mds intensas en pequenos recreos puede incrementar los patrones
motores bdsicos en ninos preescolares, y esta mejora en los patrones motores es el
primer paso para el incremento de los niveles de AF. Para Delgado y Montes,
(2015), seria interesante mejorar los programas de actividad fisico-deportiva, desde
edades tempranas. Por otra parte, O'Neill, Pfeiffer, Dowda & Pate,(2016), estudiaron
la relacion entre la AF de los ninos de preescolar, en la escuela y fuera de la
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escuela, y concluyeron que no hay diferencia significativa en la cantidad de AF
que hacen fuera del contexto escolar, entre los ninos que hacen mas AF en la
escuelq, y los que hacen menos.

Finalmente, el propio curriculum de Educacioén Infantil (RD1630/2006, de 9 de
diciembre, por el que se establecen las enseiianzas minimas del segundo ciclo de
Educacion infantil) pone de manifiesto mediante las dareas de conocimiento y
bloques de contenido, la importancia de la motricidad y la salud en esta etapa
educativa, lo cual requiere instrumentos que permitan objetivar de manera precisa
y especifica las adquisiciones en el dmbito de la AF y la salud en estas edades. A su
vez, la presencia en el curriculo universitario de un Grado de Educacion Infantil y de
materias especificas como Didactica de la Educacion Fisica en Educacion Infantil o
Motricidad y Salud, hacen necesaria la incorporacion de lineas de investigacion de
esta naturaleza, que presenten un alto grado de innovacion e interés educativo y
social. Teniendo en cuenta que la etapa preescolar (3 a 6 anos) es especialmente
sensible a la adquisicion de los primeros aprendizajes y conductas saludables que
sin lugar a dudas posteriormente tienen proyeccion en la infancia, adolescencia e
incluso vida adulta, seria interesante establecer los niveles de referencia que
tipifiquen un estado fisico saludable asociado al nivel de AF, CF, estado ponderal y
nutricional, como marco de referencia para establecer programas de intervencion
especificos de AF saludable. A su vez, habria que acordar, después de los estudios
pertinentes, los criterios de prescripcion de ejercicio saludable en esta poblacion,
en lo que se refiere a los componentes de la carga como por ejemplo la frecuencia
y duracion. Finalmente, como senalan Palmer et al. (2016) los centros escolares de
Educacion Infantil, deberian proporcionar AF estructurada dentro de su jornada
escolar.

3. CONDICION FiSICA Y SALUD EN NINOS DE ETAPA PREESCOLAR

La CF es la capacidad que permite al individuo llevar a cabo sus actividades
diarias sin fatiga indebida y con reserva adecuada para disfrutar actividades de
ocio activo (Malina & Katzmarzyk, 2006). Para Ruiz et al. (2011), la CF se define
como la capacidad que tiene una persona para realizar AF y/o ejercicio, y
constituye una medida integrada de todas las funciones y estructuras que
intervienen en la realizacion de AF o ejercicio.

Los componentes de la CF, son: la fuerza, la resistencia cardiorrespiratoria, la
velocidad, equilibrio, fuerza y flexibilidad (Hardman, 2002). SegUn Molnar y
Livingstone (2000), se pueden agrupar los componentes en dos grandes categorias:
los aspectos relacionados con la salud (capacidad aerdbica, fuerza muscular,
resistencia muscular y flexibilidad) y los aspectos relacionados con la habilidad
(agilidad, equilibrio, coordinacién, potencia, tiempo de reacciéon y velocidad). En
este sentido, Stodden et al. (2008) senalan que el desarrollo de la competencia de
habilidades motoras es un mecanismo subyacente primario que promueve la
participacion en la AF. Los niflos con peor rendimiento de habilidades motoras, son
menos activos que los ninos con habilidades motoras mas desarrolladas. Esta
relacion entre el rendimiento de las habilidades motoras y la AF podria ser
importante para la salud de los niiios, en particular en la prevencion de la obesidad
(Williams et al. 2008). El desarrollo tanto de la salud (fuerza muscular y aptitud
aerébica) como de la habilidad relacionada con la agilidad y la velocidad pueden
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facilitar el compromiso y acercamiento hacia la AF para los nihos en edad
preescolar (Tanaka et al. 2012). En este sentido, Sigmundsson y Haga (2014),
destacan la vinculacién entre las habilidades motrices, el nivel de CF y AF en niinos
de 4 a 6 anos. Segun CIliff, Okely, Smith y Mckeen (2009), altos niveles de
rendimiento aerdébico y coordinacion motora son fuertes predictores de la AF en
ninos durante la infancia.

El nivel de CF es un potente biomarcador de la salud desde una edad
temprana (Ortega, Ruiz, Castillo y Sjostrom, 2008). Ademds, la AF y la CF estan muy
relacionadas con la salud y con el sobrepeso (Fogelholm, Stigman, Huisman,
Metsamuuronen, & Metsamuuronen, 2008; Rauner, Mess, & Woll, 2013). En este
sentido, la obesidad actia como mediador entre la aptitud cardiorrespiratoria y la
presion arterial en nifos preescolares (Pozuelo et al. 2016). Gomez et al. (2012) y
Casajus et al. (2016) senalan que la CF, adiposidad y distribucion grasa observadas
en la infancia, han mostrado tener relacién con la salud cardiovascular en la edad
adulta.

El nivel de CF se puede evaluar objetivamente mediante test de laboratorio y
test de campo (Ruiz et al., 2011). Existen diversas baterias de evaluacién de la CF en
ninos y adultos (Bateria Eurofit y Seniors Test) pero el problema estda en adaptarla y
validarla a la poblacion infantil de 3 a é anos. Fulton et al. (2001), destacan la
necesidad de desarrollar métodos vdlidos para la medicion de la AF y el
comportamiento sedentario, lo cual se considera el primer paso necesario para
llevar a cabo la vigilancia significativa de la CF y la investigacion de intervenciones
para ninos de 2-5 anos. Para Latorre et al. (2015), el poder analizar la CF en ninos
preescolares es un objetivo esencial y su consecucion nos podra permitir establecer
percentiles y referencias normativas que podrian ayudar a ilustrar el nivel de AF de
esta poblacion asi como su asociacion con otros aspectos epidemiolégicos como
el sobrepeso, estado nutricional y otros factores socio demogrdaficos como las
condiciones sociales, econémicas y culturales de los progenitores e incluso con
aspectos cognitivos.

Pérez (2013), sehala que a pesar de que existen diferentes pruebas para cada
uno de los componentes de la CF son escasos los test que cumplen todos los
requisitos de medir y valorar con fiabilidad la CF en edad infantil. Para Ayén et al.
(2015) las pruebas de Course-Navette y Mini-Cooper son medidas confiables de
aptitud cardiorrespiratoria que pueden usarse para evaluar la aptitud fisica
relacionada con la salud en ninos en edad preescolar. Ortega et al. (2015),
proponen la bateria de pruebas (PREFIT) como una herramienta 0til para evaluar la
aptitud fisica en ninos de 3 a 5 anos de edad. A su vez, Latorre et al. (2015) aplican
una bateria de test para medir los componentes bdsicos del CF-motora, la
resistencia, la fuerza, la velocidad, el tiempo de reacciéon y el equilibrio en
preescolares. Esta bateria ha obtenido paradmetros de fiabilidad adecuados, ha
resultado ser vdlida y facil de realizar, ademds de no requerir gran variedad de
materiales ni equipo técnico complejo para evaluar la CF en niiios de preescolar.
Seria muy apropiado su uso por profesores, entrenadores, instructores y otro
personal que trabaje con ninos de estas edades.

Recientemente, Latorre et al. (2016 a,b) han publicado las referencias
normativas del sprint de 20 metros y salto horizontal en ninhos preescolares. En
Latorre, Mora, Martinez & Garcia (2016), los ninos son mds rapidos que las niias de 3

EmasF, Revista Digital de Educacién Fisica. Afo 8, Num. 45 (marzo-abril de 2017)
http://emasf.webcindario.com 112



a 5 anos de edad, en la prueba de 20 metros, pero no se encontraron diferencias
significativas a los 6 anos de edad. En relacién con la edad, el tiempo de sprint fue
mdas corto cuando aumentaba la edad de los nihos de edad preescolar. Para
Latorre, Garcia, & Mora (20146), los chicos mostraron mayor rendimiento que las ninas
de 3 a 5 anos de edad, pero no se encontraron diferencias significativas a los 6 anos
de edad, en la prueba de salto horizontal. Ademads, se encuentran diferencias
significativas entre los sexos: los varones muestran una mayor resistencia
cardiorrespiratoria, mayor rendimiento en el sprint, en el salto horizontal, y en el
tiempo de reaccion. Igualmente se apreciaron diferencias por sexo en los diferentes
grupos de edad (3, 4, 5 y 6 anos). Ademas, la relacion entre la CF y el IMC es
inconsistente en los ninhos en edad preescolar (Latorre et al. 2016). Sin embargo,
Zhou, Ren, Yin, Wang y Wang (2014), no encontraron diferencias significativas entre
el sexo en equilibrio, salto de longitud y velocidad, aunque los ninos llevan a cabo
un mejor rendimiento con el tiro de pelota de tenis, 20m de gateo y flexibilidad que
las ninas. A su vez, Birgi et al. (2011) no encontraron diferencias significativas entre
ninos y ninas preescolares en la capacidad aerdbica o pruebas de equilibrio. Por su
parte, Tanaka, Hikihara, Ohkawara y Tanaka (2012), sehalan que los ninos (varones)
muestran un mayor rendimiento en salto horizontal y velocidad de carrera, unido a
un peor equilibrio, respecto a las ninas.

Estos resultados controvertidos podrian ser debidos a la relativa idoneidad y
validez de las pruebas de evaluacion de la CF a estas edades, por los pocos
estudios realizados ain, asi pues, mads estudios debieran realizarse con pruebas
adaptadas a estas edades que precisen realmente el nivel de CF en ninos en edad
preescolar.

4. CONCLUSIONES

La prevalencia de AF en preescolares es baja y no cumplen
recomendaciones internacionales, lo cual se asocia a una creciente prevalencia de
sobrepeso y obesidad. Dentro de los correlatos que determinan la practica de AF en
preescolares destacamos la AF de los padres. La CF puedes ser un biomarcador de
salud en edades tempranas. Existen diferencias significativas entre sexos en CF ya
en una corta edad y las referencias normativas en relacion con los diferentes
componentes de la CF son necesarias. Por Ultimo, es importante incorporar
programas de AF estructurada para ninos de 3 a 6 anos dentro y fuera del colegio.
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Abstract

Objective: the present study aims to determine the
test-retest reliability of the Fitness Test Battery in chil-
dren aged 3-6 years.

Methods: a total of 553 children voluntarily
participated in the current study; all children were aged
3 to 6 years. Demographic characteristics reveal that 274
children were male (age: 4.63 + 0.94 years old, Body max
index [BMI] = 16.30 = 2.07 kg/m?), and 279 were female
(age 4.70 £+ 0.97 years old, BMI = 16.28 + 2.09 kg/m?),
and they were selected from 8 schools in southern Spain.
All selected tests for the Fitness Test Battery, except the
10 x 20 metres (m) test that was designed ad hoc for this
study, have been used in previous studies and are focused
on testing basic components of physical condition and
motor development such as endurance, strength, speed,
reaction time and balance (10 x 20 m, Standing Broad
Jump, 20 m running speed, Ruler drop test and Balance).

Results: the results obtained in this study indicate that
the Fitness Test Battery has obtained adequate reliability
parameters, and is able to discriminate with age among
the different tests in healthy children between 3 and 6
years old. The tests used were safe, easy to perform, very
acceptable and understandable by children.

Conclusion: the Fitness Test Battery is a valid, reliable
and easy to assess the physical fitness of pre-schoolers
children.
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FIABILIDAD TEST-RETEST DE UNA BATERfA
DE EVALUACION DE LA CONDICION FISICO-
MOTORA EN NINOS DE 3 A 6 ANOS

Resumen

Objetivo: el presente estudio tiene como objetivo deter-
minar la fiabilidad test-retest de una bateria de evalua-
cion de la condicion fisica en nifios de 3-6 afios.

Método: un total de 553 nifos participaron volunta-
riamente en el estudio; todos los nifios tenian entre 3 a 6
anos. Las caracteristicas demograificas revelan que 274
eran nifios (edad: 4.63 x 0.94 aiios, indice de masa cor-
poral [IMC]= 16.30 + 2.07 kg/m?), y 279 eran niiias (edad
4.70 % 0.97 aiios, IMC = 16.28 * 2.09 kg/m?), que fueron
seleccionados de entre 8 escuelas en el sur de Espafia. To-
das las pruebas incluidas en la bateria, con excepcion de
la prueba de 10 x 20 metros (m), que fue disefiada ad hoc
para este estudio, se han utilizado en estudios anteriores
y se centraron en los componentes basicos de la condicion
fisico-motora, como la resistencia, la fuerza, la velocidad,
el tiempo de reaccion y el equilibrio.

Resultados: los resultados obtenidos en este estudio in-
dican que la bateria de condicion fisica para preescolares
ha obtenido parametros de fiabilidad test-retest adecua-
dos y es capaz de discriminar segin la edad entre las di-
ferentes pruebas en niiios sanos de 3 a 6 afios.

Conclusion: la bateria de condicion fisica para prees-
colares disefiada en este estudio es un instrumento valido,
fiable y facil de emplear para evaluar la condicion fisica
de los niios en edad preescolar. Las pruebas utilizadas
eran seguras, faciles de realizar, muy aceptables y com-
prensibles para los nifios.

(Nutr Hosp. 2015;32:1683-1688)
DOI:10.3305/nh.2015.32.4.9486

Palabras clave: Condicion fisica. Nifios. Preescolar. Va-
lidacion. Test.
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Introduction

The importance of physical activity for health is
well known and research has noted both physical
and psychological benefits when children participate
in physical activity'?. Fitness, adiposity and body fat
distribution during childhood have shown a high co-
rrelation with cardiovascular health in adulthood®. Ad-
ditionally, fitness level is a potent biomarker of health
from an early age*. Furthermore, the relationship be-
tween physical activity practice and fitness has been
widely studied, even at early ages. Biirgi et al. (2011)°
indicate that in preschool children, the level of physi-
cal activity is associated with improvements in heart
abilities and aerobic capacity, being a determinant of
cardiovascular risk. Likewise, high levels of aerobic
performance and motor coordination are strong pre-
dictors of physical activity during childhood®. There-
fore, early childhood should be targeted as a critical
time to promote healthy lifestyle behaviours, especia-
1ly, sedentary behaviours’.

Different test batteries have been designed and vali-
dated in order to assess the fitness level in young and
older people (e.g., ALPHA, EUROFIT, FITNESS-
GRAM,)3*!1° However, these are usually inadequate
to determine fitness in children 3-6 years old becau-
se of the difficulty participants at this age have with
following strict instructions. Furthermore, the physi-
cal fitness test typically analyses only physiological
components, such as muscle strength or endurance
capacity, that are tested with more or less advanced
technological equipment in controlled laboratory set-
tings. In addition, laboratory tests are expensive and
require highly trained experimenters; thus, they are
not feasible for use with large groups of participants''.
At the moment, there is insufficient information about
reliability and validity of fitness tests in pre-schoolers
children'. Valid and reliable measures of physical fit-
ness of preschool children are necessary to investigate
the relationship between physical fitness and health in
this population'>'*!*. To date, just a few studies™'* have
focused on analysing the physical abilities and fitness
level of children aged 3-6 years.

Taking into account the above information, a relia-
ble test battery that leads to testing the fitness level
of preschool children in a large population is needed.
Therefore, the aims of this study are: i) to determine
the test-retest reliability of the Fitness Test Battery and
ii) to determine the feasibility of this battery in chil-
dren 3-6 years in discriminating performance with age.

Method
Farticipants
In this study, a total of 553 children aged 3 to 6

years voluntarily participated. Demographic characte-
ristics reveal that 274 children were male (age: 4.63

+ 0.94 years old, Body max index [BMI] = 16.30 +
2.07 kg/m?), and 279 were female (age 4.70 + 0.97
years old, BMI = 16.28 + 2.09 kg/m?), and they were
selected from 8 schools in southern Spain. Inclusion
criteria included schooling in early childhood and be-
ing free from physical and/or intellectual disabilities.
Parents voluntarily signed an informed consent form
for the participation of their children in this study. The
study was completed in accordance with the norms of
The Declaration of Helsinki (2013 version) and fo-
llowing the directives of the European Union on Good
Clinical Practice (111/3976/88 of July, 1990), as speci-
fied in the Spanish legal framework for human clinical
research (Royal Decree 561/1993 on clinical essays).
The study was approved by the Ethics Committee of
the University of Jaen (Jaen, Spain).

Materials and testing

All selected tests for the Fitness Test Battery, except
the 10x20 metres (m) test that was designed ad hoc for
this study, have been used in previous studies®®!*-!-16.17
and are focused on testing basic components of physi-
cal condition and motor development such as enduran-
ce, strength, speed, reaction time and balance. The test
battery is designed to reduce the cognitive component
of the tests and more easily sustains children’s motiva-
tion to participate.

Cardiorespiratory endurance was assessed using the
10x20m test, inspired by the spatial structure of the
Léger test'® and based on the guidelines of the Spani-
sh Athletics Federation (RFEA) for participants at this
age in endurance efforts. The test design took into ac-
count that the rules were very simple and the test had
a playful motivation. Materials required include a tape
measure to mark the distances of the runway (20m), 2
boxes, 5 balloons, and a stopwatch. It is a 20-m shuttle
test, in which participants have to move five balloons
from a box —A, located in an extreme- to other box
—B, located in the opposite extreme-. The total distan-
ce covered is 200m, timed to the signal “Go” until the
participant deposits the last balloon. It does not matter
if the balloon does not enter into the box. If during the
moving the balloon is dropped, the participants must
take it and carry on moving. Supervisors should indi-
cate to the participants that the balloon must be caught
with both hands. The test allows running and walking.
Only one attempt is allowed. The result is recorded
in seconds with one decimal. The test score was the
running time, a longer time indicating a poorer perfor-
mance. As a test for convergent validity with 10x20m,
the 6-minute walk test (6MWT) has been used (as gold
standard). The 6MWT originally designed for adults,
measures aerobic endurance evaluated by the maxi-
mum distance covered on flat ground for 6 minutes
following a standard protocol. In healthy children and
adolescents, this test has been validated and standardi-
sed in international studies'*?. To analyze the reaction
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time (RT) the Ruler Drop Test (RDT)'¢, which aims to
measure the RT and eye-hand coordination, was used.
A rule of 50-60 centimetres (cm) long was used. The
RDT was repeated three times with each hand, it ta-
king the average score of each hand. The average of
each hand and the average of both hands were used
for the subsequent statistical analysis. The RT conver-
sion (in seconds) is performed using the formula for
a body in free fall under the influence of gravity (d =
Y2gt2). The test score was the running time, a longer
time indicating a poorer performance. As for the ba-
lance assessment, the Stork Balance Stand Test*' was
used. Two attempts were made with both legs and the
best results (s) were scored, averaging the results of
both legs. The test score was the runtime, a longer time
indicating a better performance. To measure explosive
lower body strength, the standing broad jump test was
used®. The test was performed twice and the best score
was recorded in centimetres. The test score was the
distance reached, a lower distance indicating a poorer
performance. The sprint test was performed using a
distance of 20m on a flat, hard, non-slip surface''. Two
attempts were made for the test and the best time was
recorded (in seconds). The test score was the running
time, a longer time indicating a poorer performance.

Procedure

After obtaining the appropriate permits in schools
and informed parental consent, we proceeded to the
application of the test battery. In two separate sessions,
48 hours apart, a team of researchers previously trained
in conducting the different test evaluated the children.
During the first testing session, RDT, the standing
broad jump test, the balance test and 6MWT were per-
formed. Two-days later, during the second testing ses-
sion, the 20m and 10x20m test were performed. Prior
to conducting the tests, children performed a typical
warm-up, consisting of five minutes of low-intensity
running, and five minutes of general exercises (i.e.,
high skipping, leg flexions, lateral running, front and
behind arm rotation, and sprints) and the research team

conducted a demonstration. The children also perfor-
med some executions of the familiarization in RT, ba-
lance and horizontal jump. Each child was assessed in-
dividually. A week later a retest in every single fitness
test was conducted with a sample of 90 children. The
children were motivated and encouraged at all times to
execute the tests.

Statistical Analysis

Data were analysed using SPSS, v.19.0 for Win-
dows (SPSS Inc, Chicago, USA) and the significance
level was set at p<0.05. The data are shown in descrip-
tive statistics for mean and standard deviation (SD).
Reliability analysis was performed using intraclass co-
rrelation coefficients (ICC) in the pretest-posttest and
Bland-Altman graphs study. The convergent validity
was performed by Pearson’s correlation. Differences
between genders and age groups were analysed using
analysis of variance (ANOVA). Moreover, in the sprint
test inter-observer reliability was calculated using ICC.
Finally, a Pearson correlation analysis was performed
between the different tests in this battery.

Results

Table I shows the descriptive statistics and ICC tests
for all pre- and post-tests. In the 10x20m test, an ICC
equal to 0.969 (95% confidence interval (CI)= 0.953-
0.979) was achieved. The Bland-Altman graphic
showed limits of agreement (2 SD) of 10.9 and -11.4s
with the mean of the differences=-0.21 + 5.60 s (Figu-
re 1). Regarding the convergent validity between the
10x20m test and 6MWT, a Pearson correlation coeffi-
cient of r =-0.657, (p <0.001) was obtained. As for the
RDT, an ICC equal to 0.744 (95% Cl= 0.836-0.602)
was obtained, the Bland-Altman graphic showed li-
mits of agreement (2 SD) of 13.8 and -13.6¢cm, and the
mean of the differences was equal to 0.10 + 6.87cm.
Regarding the balance test, an ICC equal to 0.995
(95% CI =0.997-0.992) was achieved; the Bland-Alt-

Table I
Descriptive statistics and ICC of Fitness Test Battery.
Test Retest 95%
Mean (SD) Mean (SD) icc Confidence
n=90 n=90 Interval
10x20m (s) 83.11 (16.64) 83.31 (15.48) 0.969 0.953-0.979
Ruler drop test (cm) 37.98 (7.75) 37.87 (7.49) 0.744 0.602-0.836
Balance (s) 9.67 (8.65) 10.15 (8.45) 0.995 0.992-0.997
Standing broad jump (cm) 76.53 (20.20) 74.56 (21.12) 0.913 0.866-0.943
20m running speed (s) 5.77 (1.12) 5.78 (1.17) 0.942 0.911-0.962

SD (standard deviation).

Test-retest reliability of a field-based
physical fitness assessment for children
aged 3-6 years
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Fig. 1.—Bland-Altman graph 10x20m (A), RDT (B), balance test (C), standing broad jump (D) 20m running speed (E) pre-test/post-test.

man graphic showed limits of agreement (2 SD) of
2.09 and -3.03s, and the average of the differences was
-0.47+1.28s. Concerning the standing broad jump test,
an ICC=0.913 (95% CI= 0.943-0.866) was obtained;
the Bland-Altman graphic showed limits of agreement
(2 SD) of 25.4 and -21.4cm, the mean differences were
+ 1.96+11.72cm. Finally, as for the 20m sprint test, an
ICC =0.942 (95% CI=0.962-0.911) was achieved and
the Bland-Altman graphic showed limits of agreement

(2 SD) of 1.06 and -1.09s; the average differences
were -0.01+£0.54s. The inter-observer agreement in
the sprint test shows an ICC equal to 0.991 (95% Cl=
0.987-0.994).

Table II shows the results of the battery Fitness Test
Battery considering gender and age. The boys show
higher scores on the standing broad jump than girls
(p=0.019). Taking age group into account, a significant
improvement (p<0.001) was observed in all tests with
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growth. Table III shows the results of the Pearson co-
rrelation analysis between the test battery and age; sig-
nificant correlations between all tests with each other,
and between each test with age, were found.

Discussion

In this study, the main goal was to describe a new
test battery aimed at quantifying fitness level and mo-
tor development in children ages 3 to 6 years. The Fit-
ness Test Battery has obtained adequate reliability pa-
rameters in the different tests performed. All tests were
conducted without any incident and were appropriate
for pre-schoolers children.

Moreover, a primary purpose of this study was that
the test battery should be easy to perform and should
not require complex technical equipment. In this re-
gard, this test battery is designed to let us test large
groups of children, and monitoring fitness levels and
motor development of children over time. The eva-
luation of the acute response to physical activity is an

important clinical tool as it provides an examination of
the respiratory, cardiac and metabolic systems®.

Originally, the 10x20m test was created to analyse
cardiorespiratory fitness, which has obtained a high
temporal reliability (test-retest), thus this test has been
shown to be safe, easy to perform and highly accepta-
ble for use with children. At the same time, the 10x20m
test significantly correlates with age and it can be a test
for monitoring the development of cardiorespiratory
fitness in children of this age as the time taken is redu-
ced with age, with no significant differences between
genders, thus similar to the increase in 6 minute walk
test (6GMWT) in preschool children?.

The results obtained in this study showed that RT
decreases with age of the children; a previous study
reported similar findings*. Similarly, the RDT shows
adequate reliability; other studies have also shown
reliability and validity of the RDT test in young
adults®*?. Ruiz, Mata and Jimenez (2005)* and Ray-
nor (1998)” indicate that the RT is a very interesting
measure as it shows the ability of the neuromuscular
system to respond quickly to the demands of the envi-

Table IT
Results the Fitness Test Battery considering gender and age.
Total Boy Girl 3 years 4 years 5 years 6 years
M. ¢ L(ISD) Mean (SD) Mean (SD) p-value n=173 n=148 n=149 n=83 p-value
ean n=274  n=279 Mean (SD) Mean (SD) Mean (SD) Mean (SD)
10x20m (s) 94.35 94.53 94.18 0.842 109.18 93.53 87.19 78.73 <0.001
(20.61) (20.72) (20.54) (21.58)* (15.90)° (16.41)¢ (12.44)¢
Ruler drop test (s) 0.27 0.27 0.27 0.083 0.28 0.27 0.26 0.26 <0.001
(0.03) (0.03) (0.03) (0.03)* (0.03)> (0.02)¢ (0.03)¢
Balance (s) 7.09 7.37 6.82 0.377 3.99 6.06 9.47 11.03 <0.001
(7.18) (7.78) (6.55) (3.06)* (5.51)® (8.88)° (9.05)¢
Standing broad 70.01 72.54 67.51 0.019 51.90 66.39 81.93 91.36 <0.001
jump (cm) (25.11) (26.25) (23.72) (19.18)" (20.58)° 21.11) (21.78)¢
20m running 6.30 6.23 6.37 0.122 7.14 6.32 5.73 5.59 <0.001
speed (s) (1.08) (1.08) (1.08) (1.00)* 0.97)° (0.69)° (0.84)¢

SD (standard deviation). Post-hoc analysis (Bonferroni): Different letter subscript indicates significant differences (p<0.05) between age groups.

Table II1
Pearson correlation between the tests.

Standing broad ~ 20m running

Age 10x20 m Ruler drop test Balance jump speed
Age 1 -0.510™ -0.307" 0.391™ 0.594™ -0.566"
10x20m 1 0.164* -0.343™ -0.443™ 0.523"
Ruler drop test -0.241™ -0.307" 0.257"
Balance 1 0.381" -0.313"
Standing broad jump 1 -0.508"
20m running speed 1
*p<0.01.
Test-retest reliability of a field-based Nutr Hosp. 2015;32(4):1683-1688 1687
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ronment and thus indicates increases in RT in people
with developmental problems in motor coordination.
Regarding balance, standing broad jump and sprint,
equally suitable reliability values were obtained and
association with the age of participants; results are
consistent with Zhou et al. (2014)*® in pre-schoolers
children.

All tests correlated significantly with age suggesting
that the Fitness Test Battery can be used with children
aged 3-6 years. According to gender differences, only
the standing broad jump test shows significant diffe-
rences in children with higher values.

The most important limitation of this study was that
it is limited to samples of 3- to 6-year-old Spanish chil-
dren. Larger samples in each age group are essential
for establishing age and gender specific norms. Never-
theless, to the best researchers” knowledge, this is the
first study that provides the reliability of a fitness test
battery for preschool children.

Conclusions

The results obtained in this study indicate that the
Fitness Test Battery has obtained adequate test-retest
reliability parameters, and was able to discriminate,
using age, among the different tests in healthy children
between 3 and 6 years old. The tests used were safe,
easy to perform, very acceptable and understandable
by children. From a practical standpoint, the Fitness
Test Battery is a valid, reliable and easy to assess
the physical fitness of pre-schoolers children. Con-
sequently, teachers, coaches, trainers and other staff
working with children of these ages can use this test
battery despite not having a large variety of materials
and technological resources.
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Reference Values of Standing Long Jump in Preschool
Children: A Population-Based Study

Pedro Angel Latorre-Roman and Felipe Garcia-Pinillos
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David Mora-Lopez[AUQ1]

Purpose: The purpose of this study was to examine age and sex differences in standing long jump (SLJ) and to determine
norm-referenced values for Spanish preschool children. Method: A total of 3555 children, aged 3—6 years, participated in this
study (1746 girls and 1809 boys). To measure explosive leg power, the SLJ was used. Results: In the analysis of reliability
using test-retest with 86 children (48% boys, age = 56.22 + 10.34 months), the following descriptive results were obtained
(mean, SD): at pretest = 76.53 = 20.20 cm, at retest = 74.56 = 21.12 cm (p = .124), and an intraclass correlation coefficient =
0.913 (95% confidence interval = 0.866—-0.943). Boys exhibited a greater performance than girls at 3- to 5-years old, but no
significant differences were found at 6 years old. In whole group, the SLJ performance was higher with increased age.
However, no significant differences were found between boys aged 5 and 6 years. Conclusion: This study provides references
values for muscle strength assessment through SLJ test carried out on a large sample of Spanish preschoolers.

Keywords: pediatrics, fitness, health, strength

The preschool age is characterized by significant
changes in the acquisition of locomotors skills and nervous
system maturation (23). Previous research has showed both
physical and psychological benefits when children
participate in physical activity (1,14). However, some
previous studies have noted that preschool children spend
insufficient time in physical activity (19,24). The
relationship between motor performance, muscular
strength and cardiovascular fitness with physical activity
level has been widely studied and established in children
(16). The development of muscular strength in children and
adolescent causes health benefits (22). In line with this,
Ortega et al. (2008) (21) showed that physical fitness level
is a potent biomarker of health from an early age. Easy-to-
perform test are clearly needed to assess physical fitness in
early ages—schools and sports clubs. There is limited
information about reliability and validity of fitness tests in
preschool children (20). Reliable measures of fitness test in
preschool children are necessary to investigate the
relationship between physical fitness and health in this
population (17,20), specially on leg strength.

There are limited studies to analyze correlates of
physical fitness associated to growth and maturity (18),

Latorre-Roman and Garcia-Pinillos are with the Dept. of Didactics of
Corporal Expression, University of Jaen, Jaén, Spain. Address author
correspondence to Pedro Angel Latorre-Roman at platorre@ujaen.es.

particularly in leg strength in preschool children. The
standing long jump (SLJ) is a valid tool for assessing lower
body muscular strength in youth (2,7). Moreover, SLJ is
constituent part of several international batteries of
physical fitness (9,10,12). The SLJ test is practical, time
efficient, and does not require any additional equipment.

Moreover, to the best authors” knowledge, there is no
information available about reference values for SLJ in
preschool children. The purpose of this study was to
examine age and sex differences in SLJ and to determine
reference values for Spanish preschool children.

Method

Participants

A total of 3555 children, aged 3—6 years, participated in this
study (Age = 55.93 = 11.14 months, Body mass index
[BMI] =15.94 + 1.91 kg/m?, 1746 girls and 1809 boys), and
they were selected from 51 schools in southern Spain. The
sample has been selected by convenience in a large
geographic area of Andalusia in both urban and rural areas.
Inclusion criteria considered schooling in early childhood
and being free from physical and/or intellectual disabilities.
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Parents voluntarily signed an informed consent form for the
participation of their children in this study. Parent’s
demographic characteristics are showed in the results. The
study was completed in accordance to the norms of The
Declaration of Helsinki (2013 version) and following the
directives of the European Union on Good Clinical Practice
(111/3976/88 of July 1990), as specified in the Spanish
legal framework for human clinical research (Royal Decree
561/1993 on clinical essays). The study was approved by
the Ethics Committee of the University of Jaen (Spain).

Materials and testing

Height (cm) was measured with a stadiometer (Seca 222,
Hamburg, Germany) and body mass (kg) with a bascule
(Seca 899, Hamburg, Germany). Body mass index (BMI)
was calculated by dividing weight (in kilograms) by height?
(in meters). Waist circumference (WC) was measured by
using a SECA Ergonomic Circumference Measuring Tape
SE201 (SECA, Germany). To measure explosive leg
power, the SLJ was used (10). The test was performed
twice and the best score was recorded in centimeters
(between takeoff and the heel of the nearest foot at
landing). The test score was the distance reached, a lower
distance indicating a poorer performance.

Procedure

Before the testing sessions, children performed a typical
warm-up consisting of 5 min of low-intensity running and
five minutes of general exercise (i.e., skipping, leg lifts,
lateral running, and front to behind arm rotations).
Subsequently, the SLJ test (two trials, the best trial was
registered) were performed on a hard surface. The children
also performed some familiarization trials for the SLJ. The
research team conducted a demonstration. The children
were motivated and encouraged to reach the best distance
possible. A week later, 86 children (included in the
previous data collection) selected by a random process,
performed the same test (retest).

Statistical Analysis

Data were analyzed using SPSS, v.19.0 for Windows
(SPSS Inc, Chicago, USA) and the significance level was
set at p < .05. The data are shown in descriptive statistics
for mean, standard deviation (SD) and percentile. Tests of
normal distribution and homogeneity (Kolmogorov-
Smirnov and Levene’s) were conducted on all data before
analysis. Differences between sex and age groups were
analyzed using analysis of variance (ANOVA) adjusting by
Bonferroni test, using BMI as covariate. A Pearson
correlation analysis and a multiple linear regression
analysis were performed between SLJ test with age, sex and
anthropometrics variables. The reliability of SLJ was
analyzed by prepost-test through the intraclass correlation
coefficient (ICC). For the analysis of heteroscedasticity,
mean differences in relation to the individual values they
were computed. We calculated the correlation coefficient
to examine the presence of heteroscedasticity (3).

Results

In relation to parent’s demographic characteristics: 9% are
single, 80.8 married, 8.9% divorced, 1.3 widowed; 20.7%
showed low socioeconomic status, 71.2% medium and 8.1
high, finally, 7.2% are uneducated, 19.8% primary, 38.7%
secondary and 34.3% showed university studies.

In the analysis of reliability using test-retest, the
following descriptive results are obtained in the pretest
(mean, SD) = 76.53 £20.20 cm, retest (mean, SD) = 74.56
+21.12 cm, p =.124 and an ICC = 0.913 (95% confidence
interval (CI) = 0.866-0.943) was found. Pearson
correlation analysis of differences in absolute value with
individual values showed not association (» = .003; p =
.978).

Table 1 shows anthropometric characteristics and
SLJ performance, boys exhibited a greater score than girls.

\\<<<Insert Table 1 here>>>>\

Table 2 showed SLJ performance by age groups and
sex. Boys exhibited a greater performance than girls 3—5
years old, but no significant differences were found at 6
years old. In relation with age in whole group, the SLJ
performance was higher with increased age.

\\<<<<Insert Table 2 here>>>>\

Pearson correlation analysis showed significant
correlation between SLJ and age (»=.474, p <.001), height
(r=.454, p <.001), weight (»=.314, p <.001) and WC (r
=.084, p <.001). No significant correlation (p > .05) was
found between SLJ and BMI. A multiple linear regression
analysis between SLJ with age, sex and anthropometrics
variables was conducted (Table 3). Age, height, body mass
and sex are predictor’s variables for SLJ. Table 4 and 5
exhibit percentiles of SLJ by sex. Finally, the greatest
improvement in SLJ occurs 3—4 years in boys and girls.

\\<<<<<<Insert Table 3,4,5 here>>>>\\

Discussion

This study provides reference values for SLJ by age and sex
in Spanish preschool children. Adequate reliability
parameters were found in SLJ for children 3—6 years old.
Using a cross-sectional study design, the results obtained
showed that SLJ performance differs between boys and
girls. Boys exhibited a greater performance than girls at 3—
5 years old, but no significant differences were found at 6
years old. These findings are consistent with previous
studies that supports sex differences in SLJ (5,15,23).
However Zhou Ren, Yin, Wang and Wang (25) found no
significant differences between boys and girls in SLJ.

The sex differences observed in this study might be
caused by differences in the level of moderate-to vigorous
physical activity (MVPA) found in a previous study, higher
in boys (19). In this regard, higher distances in SLJ were
associated with lower sedentary time, greater MVPA and
increased physical activity level (23). Moreover, these
results could indicate differences in neuromuscular
maturation among girls and boys preschoolers.

In relation to age, in whole group, SLJ is higher 3- to
6-years old. However, SLJ performance in boys was higher
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3-5 years old, with no significant differences between 5—-6
years old.

Moreover, in preschool children, the body weight and
body height should be considered as significant predictors
of the physical fitness (15). The current study shows the
influence of body weight and body height on muscular
strength levels across age groups. In this sense, our findings
showed that body height and body weight are predictors to
SLJ performance. These results are consistent with
previous studies in children, showing an inverse
relationship between body weight and physical fitness
(4,6,8).

Muscle strength contributes to skeletal development,
while sedentary behavior negatively affects bone health in
preschoolers (13). Therefore, fitness test provides an
important information about the health of children,
although its use is not usually taken into account in school
context (6). Accordingly, schools are the setting which to
identify, at an early stage, children with low fitness levels
and establish programs to promote healthy behaviors (6)
such as physical activity. The interpretation of physical
fitness assessment requires comparing the individual score
obtained with reference values for the general population
in relation to sex and age (11). Therefore, this research
provides reference values, presented for age and sex, for
SLJ test in Spanish preschoolers.

The main limitation in this study is its cross-sectional
design (i.e., level of muscular strength in growing children
must be measured in longitudinal research). However, the
strengths of this study include a large population sample of
children analyzed and the reliability of SLJ in preschool
children.

To sum up, this study provides the references values
for muscle strength assessment through SLJ test carried out
on a large sample of Spanish preschoolers. SLJ is a reliable
test to assess lower limb strength in preschoolers. In
addition, some differences in SLJ performance were found
according to sex despite the early age of participants, and
references values were established considering that
variable.

Eventually, from a practical point of view and
considering the lack of reference values for assessing
physical fitness of preschool children, the percentiles
values obtained in this study might play a key role for
teachers and coaches who work with children aged 3-6
years.
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Table 1 Anthropometric Characteristics and Standing Long Jump (SLJ) Performance According

to Sex

Characteristics Whole group (n = Boys (n = 1809) Girls (n = 1746) p-value 95% Confidence
3555) Interval
Mean (SD) Mean (SD) Mean (SD)

Age (months) 55.93 (11.14) 5571 (11.11) 56.16 (11.16) 211
Body mass(kg) 19.39 (4.27) 19.63 (4.37) 19.14 (4.16) <.001 0.225/0.765
Height (cm) 109.18 (8.36) 109.48 (8.41) 108.87 (8.29) .023 0.086/1.143
Body mass index 15.94 (1.91) 16.03 (1.93) 15.85(1.89) .002 0.061/0.310
(kg/m?)
Waist 56.72 (7.90) 56.86 (7.68) 56.57 (8.11) 243 -0.202/0.795
circumference
(cm)
Standing long 69.85 (25.21) 72.74 (25.91) 66.85 (24.11) <.001 4.291/7.590
jump (cm) *

Note. SD = Standard deviation. *¥ANOVA with BMI as covariate. 95% CI values are the ranges for the difference scores between groups.
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Table 2 SLJ Performance by Age Groups and Sex

Age (years) Whole-group Boys Girls p-value 95% Confidence Interval
n Mean (SD) n Mean (SD) n Mean (SD)

3 876 52.34 (20.68)2 452 5432 (21.10)a 424 50.22 (20.05)* .006 1.182/7.060

4 1107  67.96 (23.03)" 583  71.28 (23.13)b 524 64.26 (22.38)° <.001 4.475/9.711

5 1250  79.56 (23.20)° 628  83.61(24.23)c 622  75.48(21.38)° <.001 5.785/10.708

6 322 86.39 (21.64)¢ 146  88.96 (21.75)c 176 84.27(21.38)¢ .059 -0.187/9.627

p

-value (intra group)

<0.001

<0.001

<0.001

SD. Standard deviation. Values with different subscript letters indicate significant differences (p< 0.05) in Post hoc analysis Bonferroni. 95% CI values are the ranges for the difference scores between

groups.
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Table 3 Multiple Linear Regression Analyses Between SLJ and Age, Anthropometric Variables,
and Sex

Variables B t p-value 95% confidence Interval to B
Lower Limit Higher Limit

Constant -66.052 -11.092 <.001 -77.728 -54.377
Age 0.725 17.030 <.001 0.641 0.808
Height 0.905 11.378 <.001 0.749 1.061
Weight -0.358 -2.368 .018 -0.654 -0.062
Sex 6.061 8.408 <.001 4.648 7.475
R? 0.282

Sex. 1 =boys

Table 4 Percentiles of SLJ in Girls

Age (years) 5 25 50 75 95

3 22.77 33.00 47.00 63.00 90.00
4 26.00 48.95 64.85 80.00 103.00
5 32.85 63.00 76.70 90.00 110.00
6 49.00 70.25 85.00 96.00 122.00

Table 5 Percentiles of SLJ in Boys

Age (years) 5 25 50 75 95

3 23.00 39.00 52.00 68.00 97.00
4 28.00 56.00 73.50 88.00 107.00
5 40.40 67.00 84.50 100.00 120.00
6 54.40 72.00 89.00 103.00 125.00
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The purpose of this study was to determine reference values in the 20 m sprint test for Spanish preschool
children and to examine the influence of age, sex and anthropometrics characteristics in sprint
performance. A cross-sectional study was used. A total of 3076 children, aged 3 to 6 years, participated in
this study (1539 girls and 1537 boys). To measure running speed, the 20 m sprint test was used. In the
analysis of reliability, using test-retest with 89 children (48% boys), the following descriptive results were
obtained (mean, SD): at pretest=5.72+0.98s, at retest=5.714+0.87s (p=0.819), and an intraclass
correlation coefficient = 0.929 (95% confidence interval 0.891-0.954). Boys are faster than girls at 3 to 5
years old, but no significant differences were found at 6 years old. In relation to age, the sprint time was
shorter as kids got older. This study provides reference values for running speed assessment through a
20 m sprint test carried out on a large sample of Spanish preschoolers.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The preschool age is characterized by significant changes in the
acquisition of locomotor skills and nervous system maturation [1].
In the early childhood years, children develop fundamental motor
skills (FMS), composed of locomotor skills and object control skills
[2]; children who do not master FMS may participate little in sport
and games during childhood and adolescence [3]. The mastery of
FMS contributes to children’s physical, cognitive and social
development and is essential for an active lifestyle [4]. The
relationship between motor performance, fundamental movement
skills, muscular strength and cardiovascular fitness with physical
activity levels and health status has been widely studied and
established in children [5-7]. Previous research has shown both
physical and psychological benefits when children participate in
physical activity [8,9]. In a recent review, Catuzzo et al. [7] showed
that the development of motor competence is inversely associated
with body mass status and positively associated with cardio-
respiratory fitness and musculoskeletal fitness across childhood

* Corresponding author.
E-mail addresses: platorre@ujaen.es (P.A. Latorre-Roman),
davidjmora7@gmail.com (D. Mora-Lépez), melchor_mr@hotmail.com
(M. Martinez-Redondo), fegarpi@ujaen.es (F. Garcia-Pinillos).

http://dx.doi.org/10.1016/j.gaitpost.2016.12.013
0966-6362/© 2016 Elsevier B.V. All rights reserved.

and adolescence. In line with this, Ortega et al. [10] showed that
physical fitness level is a potent biomarker of health from an early
age. However, some previous studies have noted that preschoolers
spend insufficient time in physical activity [11,12].

Current literature in physical activity in preschool children has
not focused on the developmental nature of motor skill compe-
tence and physical fitness. Running is an essential locomotor skill
to promote physical activity and fitness; in particular, running
speed can provide consistency as a gross motor skill and probably
reflect anaerobic fitness [13]. There are a number of limited studies
analysing the correlates of physical fitness associated to growth
and maturity [14], particularly in the 20m sprint in preschool
children. Easy-to-perform tests are clearly needed to assess
physical fitness in early ages — at schools and at sports clubs.

Moreover, to the best of the authors’ knowledge, there is no
information available about reference values for the 20 m sprint
test in preschool children. The purpose of this study was to
determine reference values in the 20m sprint test for Spanish
preschool children and to examine the influence of age, sex and
anthropometrics characteristics in sprint performance.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.gaitpost.2016.12.013&domain=pdf
mailto:platorre@ujaen.es
mailto:davidjmora7@gmail.com
mailto:davidjmora7@gmail.com
mailto:melchor_mr@hotmail.com
mailto:fegarpi@ujaen.es
http://dx.doi.org/10.1016/j.gaitpost.2016.12.013
http://dx.doi.org/10.1016/j.gaitpost.2016.12.013
http://www.sciencedirect.com/science/journal/09666362
www.elsevier.com/locate/gaitpost

2 PA. Latorre-Romdn et al./Gait & Posture 53 (2017) xXX-Xxx

2. Methods

A total of 3076 children, aged 3 to 6 years, participated in this
study (Age=4.31+0.94years, body mass index [BMI]=15.34
+4.18kg/m?, 1539 girls and 1537 boys), and they were selected
from 51 schools in southern Spain. The sample has been selected by
convenience in a large geographic area of Andalusia in both urban
and rural areas. Inclusion criteria included schooling in early
childhood and being free from physical and/or intellectual
disabilities. Parents voluntarily signed an informed consent form
for the participation of their children in this study. The study was
completed in accordance with the norms of the Declaration of
Helsinki (2013 version) and following the directives of the
European Union on Good Clinical Practice (111/3976/88 of July,
1990), as specified in the Spanish legal framework for human
clinical research (Royal Decree 561/1993 on clinical essays). The
study was approved by the Ethics Committee of the University of
Jaen (Spain).

Body height (cm) was measured with a stadiometer (Seca 222,
Hamburg, Germany, precision=1mm) and body mass with a
bascule (Seca 899, Hamburg, Germany, precision=100g). Body
mass index (BMI) was calculated by dividing weight (in kilograms)
by height? (in meters). Waist circumference (WC) was measured
using a Seca Ergonomic Circumference Measuring Tape SE201
(Seca, Germany, precision=1mm). To measure sprint, the 20m
sprint test was used [15]. The reliability of the sprint test in
preschool children has been previously reported [13,15].

Prior to the testing sessions, children performed a typical
warm-up consisting of five minutes of low-intensity running and
five minutes of general exercise (i.e. skipping, leg lifts, lateral
running, and front to behind arm rotations). Subsequently, the
20 m sprint test (two trials with 120s of recovery between trials,
the best trial was registered) were performed on a flat, hard, non-
slip surface, with the start line and finish line marked. Two raters
recorded all the start and stop times with a stopwatch at least
twice. The research team conducted a demonstration. The children
were motivated to run as fast as possible. The test was measured
with a stopwatch to the nearest of 0.1 s. A lower score indicates a
greater performance. A week later, 89 children (48% boys, included
in the previous data collection) selected by a random process,
performed the same test (retest). To ensure the measurements
accuracy, the raters were familiarized with the evaluation protocol.

Data were analysed using SPSS, v.19.0 for Windows (SPSS Inc,
Chicago, USA) and the significance level was set at p <0.05. The
data are shown in descriptive statistics for mean, standard
deviation (SD) and percentile. Tests of normal distribution and
homogeneity (Kolmogorov-Smirnov and Levene’s, respectively)
were conducted on all data before analysis. Differences between
sex and age groups were analysed using analysis of variance
(ANOVA: 2(sex) x 4(age) adjusting by Bonferroni test, using
anthropometrics factors as covariates. A Pearson correlation
analysis was performed between the 20m sprint and anthro-
pometrics variables age-adjusted. To test the pre-post reliability

and the inter-observer reliability of the 20m sprint test the
intraclass correlation coefficient (ICC) was used [16] and paired t-
test for intra-observer and independent t-test for interobserver.

3. Results

In the analysis of reliability using pre-post, performed on 89
participants, the following descriptive results are obtained in the
pretest (mean, SD)=5.72 4+-0.98 s, retest (mean, SD)=5.71 £0.87s,
p=0.819, and an ICC=0.929 (95% confidence interval (CI)=0.891-
0.954) was found. In the inter-observer reliability, the following
descriptive results are obtained (mean, SD): The rater
1=5.844+1.02s, the rater 2=5.884+1.06s, p=0.774 and the
agreement in the sprint test shows an ICC equal to 0.991 (95%
CI=0.987-0.994).

Table 1 shows anthropometric characteristics. Boys exhibited a
higher score than girls in body height, body mass and BMI.

Table 2 shows 20 m sprint performance by age groups and sex.
Boys are faster than girls at 3 to 5 years old, but no significant
differences were found at 6 years old. In relation to age, the sprint
time was shorter as kids got older. In the whole group and in the
girls group the 20 m sprint test performance is better 3 to 6 years
old; however, in boys was better 3 to 5 years old, with no
significant differences between 5 and 6 years old.

Pearson correlation analysis showed significant correlation
between 20 m sprint with age (r=—0.416, p < 0.001), body height
(r=-0.162, p<0.001) and body mass (r=-0.103, p<0.001). No
significant correlation (p >0.05) was found between 20 m sprint
with BMI (r=—-0.009, p=0.646) and 20 m sprint with WC (r = 0.000,
p=0.999). Tables 3 and 4 exhibit percentiles of 20 m sprint by sex.

4. Discussion

This study provides reference values for the 20 m sprint test by
age and sex in Spanish preschool children. Adequate reliability
parameters|[16] were found in the 20m sprint test for children
aged 3 to 6 years old. Similar results in the pre-post reliability in
the sprint test were obtained by Nguyen et al. [13] Using a cross-
sectional study design, the results obtained show that the 20m
sprint test performance differs between boys and girls. Boys are
faster than girls at 3 to 5 years old, but no significant differences
were found at 6 years old, further, the sprint time was shorter as
kids got older. These findings are consistent with previous studies
that support sex differences in a sprint test [1,17].

The sex differences observed in this study might be caused by
differences in the level of moderate-to vigorous physical activity
(MVPA) found in a previous study, which was higher in boys [11].
Moreover, these results could indicate differences in neuromuscu-
lar maturation among preschool girls and boys. Previous studies
have found lower neuromuscular performance in preschool girls
[18,19].In relation to age, in the whole group and in the girls group
the 20m sprint test performance is better 3 to 6 years old.
However, the 20 m sprint test performance in boys was better 3 to

Table 1
Anthropometric characteristics and 20 m sprint performance according to sex.
Whole group (n=3076) Boys Girls p-value 95%
Mean (SD) (n=1537) (n=1539) Confidence
Mean (SD) Mean (SD) Interval
Age (years) 4.27 (0.93) 4.24 (0.92) 4.29 (0.94) 0.072 —-0.005/0.113
Body mass (kg) 19.34 (4.18) 19.53 (4.21) 19.15 (4.15) 0.013 0.080/0.672
Body height (cm) 109.55 (8.04) 109.88 (8.01) 109.22 (8.07) 0.023 0.093/1.231
Body mass index (kg/m?) 15.84 (1.86) 15.91 (1.87) 15.76 (1.84) 0.035 0.010/0.281
Waist circumference (cm) 56.79 (7.91) 56.97 (7.79) 56.60(8.03) 0.198 —0.192/0.927

SD. Standard deviation. 95% CI values are the ranges for the difference scores between groups.



PA. Latorre-Romdn et al./Gait & Posture 53 (2017) XXx-xxx 3

Table 2
20 m sprint performance by age groups and sex.
Age (years) Whole-group Boys Girls p-value 95%
Confidence
Interval
n Mean (SD) n Mean (SD) n Mean (SD)
3 721 6.93 (1.18)a 366 6.76 (1.12)a 335 7.11 (1.21)a 0.001 —436/-0.119
4 976 6.23 (1.12)b 500 6.13 (1.10)b 476 6.33 (1.14)b 0.014 —0.308/-0.034
5 1075 5.80 (0.98)c 527 5.70 (1.03)c 548 5.89 (0.92)c 0.018 —0.286/-0.027
6 304 5.49 (0.86)d 144 543 (1.01)c 160 5.55(0.70)d 0.452 —0.339/0.151
p-value (intra group) <0.001 <0.001 <0.001

SD. Standard deviation. Values with different subscript letters indicate significant differences (p < 0.05) in Post hoc analysis Bonferroni. 95% CI values are the ranges for the

difference scores between groups.

Table 3
Percentiles of 20 m sprint in girls.
5 25 50 75 95

3 5.10 6.32 7.06 8.03 9.10
4 4.80 5.51 6.16 6.89 8.82
5 4.64 5.29 5.81 6.30 7.64
6 4.57 5.02 5.50 6.01 6.60

Table 4

Percentiles of 20 m sprint in boys.
Age (years) 5 25 50 75 95
3 4.90 6.03 6.81 741 8.76
4 4.58 532 6.00 6.83 8.29
5 434 5.02 5.54 6.10 7.85
6 4.40 4.78 519 5.78 745

5 years old, with no significant differences between 5 and 6 years
old.

On the other hand, in preschoolers, the body height and body
mass should be considered as significant predictors of physical
fitness [19]. In this regard, our findings show that there are
moderate correlations between 20 m sprint with body height and
body mass. These results are not consistent with previous studies
in children, showing an inverse relationship between body mass
and physical fitness [20-22].

Fitness tests provide important information about the health of
children, although their use is not usually taken into account in a
school context [20]. Accordingly, schools are the setting in which to
identify, at an early stage, children with low fitness levels and to
establish programs to promote healthy behaviors [20], such as
physical activity. The interpretation of physical fitness assessment
requires comparing the individual score obtained with reference
values for the general population in relation to sex and age [23].
Therefore, this research provides reference values, presented for
age and sex, for the 20 m sprint test in Spanish preschoolers.

The main limitation in this study is its cross-sectional design
(i.e. level of running speed in growing children must be measured
in longitudinal research). However, the strengths of this study
include a large population sample of children analyzed and the
reliability of the 20 m sprint test in preschool children.

Finally, from a practical point of view and considering the lack
of reference values for assessing the physical fitness of preschool
children, the percentile values obtained in this study might play a
key role for teachers and coaches who work with children aged 3-6
years. Moreover, these results are a reference for the analysis of
child motor development, therefore the lowest percentile — for
example, the 5th and 10th percentiles as indicated by Ortega et al.
[24] in an adolescent population — can be used as a ‘warning signal’

and it would be necessary to conduct an additional test in order to
identify possible motor delays or low physical activity.

To sum up, this study provides the reference values for running
speed assessment through a 20 m sprint test carried out on a large
sample of Spanish preschoolers. The 20 m sprint test is a reliable
test to assess running speed and locomotor skills in preschoolers.
Additionally, some differences in the 20 m sprint test performance
were found according to sex despite the early age of participants,
and references values were established considering that variable.
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Objective: The purpose of this study was to examine the influence of age, sex and anthropometric var-
iables in handgrip strength and to determine norm-referenced values for preschool children.
Design: Cross-sectional study.

Participants: A total of 1215 children, aged 3—6 years (590 girls and 625 boys).

Intervention: Not applicable.

Keywords: Main outcome measures: Handgrip strength (HS), measured by the CAMRY hydraulic hand dynamometer
Strength . .

Preschoolers (EH101; Camry, Guangdong Province, China).

Growth Results: Boys exhibited a greater performance than girls in the 4 and 5 years age groups, but no sig-

Sex nificant differences were found at 3 and 6 years. In relation to growth, HS performance was greater with
increased age. The Pearson correlation analysis showed significant correlations between HS and body
mass (r = 0.354, p < 0.001), body height (r = 0.352, p < 0.001), body mass index (r = 0.164, p < 0.001)
and waist circumference (r = 0.118, p < 0.001).
Conclusion: This study provides references values for muscular strength assessment by an HS test carried
out on a large sample of preschoolers in relation to age and sex. Additionally, some differences in HS

performance were found according to sex.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The preschool age is characterised by significant changes in the
acquisition of locomotor skills and nervous system maturation
(Tanaka, Hikihara, Ohkawara, & Tanaka, 2012). The development of
muscular strength in children and adolescents brings health ben-
efits (Smith et al., 2014). In line with this, Ortega, Ruiz, Castillo, and
Sjostrom (2008) showed that physical fitness level is a potent
biomarker of health from an early age. Therefore, a fitness test
provides important information on children's health, although is
not often used in schools (Castro-Pinero et al., 2009). Specifically, in
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preschoolers muscular strength contributes to skeletal develop-
ment, while sedentary behaviour negatively affects bone health
(Herrmann et al., 2015). In adolescents, muscular fitness is nega-
tively associated with a clustered metabolic risk independent of
cardiorespiratory fitness (Artero et al, 2011). Furthermore,
muscular strength has been identified for the first time as an in-
dependent and powerful predictor of better insulin sensitivity in
children (Benson, Torode, & Fiatarone Singh, 2006). A low level of
muscular strength in adolescence, as measured by knee extension
and handgrip strength (HS), is associated with all-cause premature
mortality; other risk factors include abnormal body mass index
(BMI) and blood pressure (Ortega, Silventoinen, Tynelius, &
Rasmussen, 2012).

Handgrip strength is outstanding as a measure of general health
and is often estimated in screenings of normal motor function
(Hager-Ross & Rosblad, 2002). In particular, HS is an indicator of
nutritional level (Schliissel, Anjos, & Kac, 2008), which correlates to
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Abbreviations

ANOVA analysis of variance
BMI Body mass index

Cl confidence interval
HS Handgrip strength
ICC Intraclass correlation coefficient
SD Standard deviation

morbidity and mortality in the young (Montalcini et al., 2016).
Several studies have shown the importance of the use of HS tests in
clinical practice and fitness control in children (Latorre-Roman,
Navarro-Martinez, Manas-Bastidas, & Garcia-Pinillos, 2014;
Marrodan Serrano et al., 2009; Martinez-Tellez et al., 2015;
Rauch, Neu, Wassmer, & Beck, 2002).

Handgrip strength is a simple, inexpensive, reliable, and valid
indicator of upper-body muscular strength. The handgrip test
seems to be the most practicable way of assessing upper-body
strength in children; moreover, handgrip scores can be used to
analyse age- and sex-related variation in muscular strength (Saint-
Maurice, Laurson, Karsai, Kaj, & Csanyi, 2015). However, it is not
often used in preschool children (Cohen et al., 2010; Ploegmakers,
Hepping, Geertzen, Bulstra, & Stevens, 2013). There are currently
limited studies that have analysed correlates of physical fitness
associated with growth and maturity (Malina & Katzmarzyk, 2006),
particularly regarding HS in preschool children, although a recent
study showed an association of HS with BMI in preschool children
(Martinez-Tellez et al., 2015).

Currently, different authors propose reference values for HS in
different populations (Budziareck, Pureza Duarte, & Barbosa-Silva,
2008; Cohen et al., 2010; Hogrel, 2015; Ploegmakers et al., 2013);
however, to our knowledge, there are no reference values for pre-
school children. Low values of HS in childhood may have negative
health implications for later life (Cohen et al., 2010; Ortega et al.,
2012). From a public health perspective, population-specific
normative data may be useful to identify those with low HS. At
present, there is no normative reference available regarding HS for
preschool-age Spanish children. Therefore, the main purpose of this
study was to examine the influence of age, sex and anthropometric
variables in HS and to determine norm-referenced values for pre-
school children. A second objective was to evaluate the reliability of
the HS test in preschool children.

2. Method
2.1. Study design

This cross-sectional study analysed HS in a cohort of healthy
preschool children to generate normative values.

2.2. Participants

A total of 1215 children, aged 3—6 years, participated in this
study (mean age = 4.32 + 1.05 years, BMI = 19.59 + 4.56 kg/m?, 590
girls and 625 boys), recruited from 30 schools located in southern
Spain (Andalusia) from the Jaen, Cordoba and Granada provinces.
The sample is therefore one of convenience, taken from urban and
rural areas. Inclusion criteria comprised schooling in early child-
hood and being free from physical and/or intellectual disabilities.
Parents voluntarily signed an informed consent form for the
participation of their children in this study. The study was

completed in accordance with the norms of the Declaration of
Helsinki (2013 version) and followed the directives of the European
Union on Good Clinical Practice (111/3976/88 of July, 1990), as
specified in the Spanish legal framework for human clinical
research (Royal Decree 561/1993 on clinical essays). The study was
approved by the Ethics Committee of the University of Jaen (Spain).

3. Materials and testing

Body mass (kg) was measured using a weighing scale (Seca 899,
Hamburg, Germany) and body height (cm) was measured with a
stadiometer (Seca 222, Hamburg, Germany). The body mass index
was calculated by dividing body mass (kg) by body height? (in
metres). Waist circumference was measured at the umbilical
location by wusing a non-elastic Ergonomic Circumference
Measuring Tape (Seca 201, Germany; range 0—150 cm; accuracy:
1 mm). All measures were taken twice, and the average was used
for analysis. Handgrip strength was assessed using the CAMRY
hydraulic hand dynamometer (EH101; Camry, Guangdong Prov-
ince, China) (range 0—90 kg; accuracy 0.1 kg), which has an
adjustable grip to account for varying hand sizes.

3.1. Procedure

The following standardised testing position for measuring HS
was used: participants stood with the arm fully extended, forming
an angle of 30° to the trunk. The research team conducted a
demonstration and the children performed some familiarisation
trials. During HS measurement, we asked the subject to grip the
dynamometer using maximum strength and to hold the grip for
three seconds. The children were motivated and encouraged to
reach the best score possible. Each participant performed two at-
tempts with each hand using the same grip span (4.0 cm), with one
minute's rest between attempts. We used a grip span of 4.0 cm
because this was reported to be the grip span at which the children
performed the highest HS (Sanchez-Delgado et al., 2015). The order
of testing of each hand was randomised. The maximum score in
kilograms for each hand was recorded and the mean score of both
hands was used in the analyses. A week later, 132 children (included
in the previous data collection) performed the same test (retest).

3.2. Statistical analysis

Data were analysed using SPSS, v.19.0 for Windows (SPSS Inc,
Chicago, USA) and the R statistical program (R Development Core
Team, 2016) with the GAMLSS (Generalized Additive Model for
Location, Scale and Shape) package (Rigby & Stasinopoulos, 2006).
The significance level was set at p < 0.05. Descriptive data are re-
ported in terms of means and standard deviations (SD). Tests of
normal distribution and homogeneity (Kolmogorov-Smirnov and
Levene's tests respectively) were conducted on all data before
analysis. Differences between sex and age groups were analysed
using analysis of variance (ANOVA) adjusted by the Bonferroni test.
The magnitude of the differences between values was also inter-
preted using the partial eta squared measure. A Pearson correlation
analysis was performed between the HS and anthropometric var-
iables, adjusting for age and sex. A reliability pretest-posttest
analysis was performed using intraclass correlation coefficients
(ICC) and Bland-Altman graphs. According to the classifications
proposed by Shrout and Fleiss (1979), a very good ICC is obtained
when ICC>90; a good correlation lies between 0.71 < ICC<0.90; a
moderate ICC lies between 0.51 < ICC<0.70; and a poor ICC lies
between 0.31 < ICC<0.50. The percentile curves were calculated as
a function of age stratified by sex using the LMSP (mbda, mu, sigma,
power exponential) method, assuming a Box-Cox power
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exponential distribution, a generalized model of the LMS (lambda,
mu, sigma) method. This method has been implemented in the
GAMLSS package in R software (Stasinopoulos & Rigby, 2007).

4. Results

In the test-retest analysis, the following descriptive results were
obtained in the pretest (mean, SD) = 6.46 + 2.09 kg, retest (mean,
SD) = 6.29 + 1.97 kg, p > 0.05, and an ICC = 0.969 (95% confidence
interval (CI) = 0.950—0.980) was found. The Bland-Altman graph
showed limits of agreement (2 SD) of 1.49 and —1.26 kg, and the
mean of the differences was equal to 0.11 + 0.69 kg (Fig. 1).

Table 1 shows the anthropometric characteristics and HS per-
formance in relation to sex. Boys exhibited a greater score in HS
than girls. Table 2 shows HS performance average by age groups
and sex. Boys exhibited a greater performance than girls at 4 and 5
years old. In relation to age, HS performance became greater with
increased age. The Pearson correlation analysis showed some sig-
nificant correlations: HS and body mass (r = 0.354, p < 0.001), HS
and body height (r = 0.352, p < 0.001), BMI (r = 0.164, p < 0.001)
and waist circumference (r = 0.118, p < 0.001). The multiple linear
regression analysis between HS and age, anthropometric variables
and sex is shown in Table 3. Age, BMI and sex are predictor variables
for HS performance. The 0.4th, 2nd, 10th, 25th, 50th, 75th, 90th,
98th and 99.6th percentile curves were computed for handgrip,
averaging the results of both hands according to sex and age
(Table 4, Fig. 2).

5. Discussion

The main purpose of this study was to examine the influence of
age, sex and anthropometric variables in HS and to determine
norm-referenced values for preschool children. A second objective
was to evaluate the reliability of the HS test in preschool children.

To our knowledge, this is the first study to provide reference
values of HS in southern Spanish preschool children. The main
findings of this study show that HS, as expected, increased with age,
that boys are generally stronger than girls and that anthropometric
measures correlated positively with HS. These findings are in
consonance with those of Hager-Ross and Rosblad (2002) in chil-
dren aged 4—16 years. Different devices have been used in previous
studies (Hager-Ross & Rosblad, 2002; Molenaar et al., 2010) to
establish reference values of HS; therefore, comparison with the

results of these studies is not possible. Cadenas-Sanchez et al.
(2016) demonstrated the reliability of HS test in preschool chil-
dren; likewise, in this study, HS was shown to be a feasible and
highly reliable test in preschool children. Reliable interpretation of
physical fitness assessment requires the individual score obtained
to be compared with reference values for the general population in
relation to sex and age.

The results of this study showed a significant increase in HS in
relation to age; this is consistent with previous studies (De Miguel-
Etayo et al., 2014; Omar, Alghadir, & Baker, 2015; Ortega et al., 2011;
Ploegmalkers et al., 2013), and boys tended to be stronger than girls
in age groups between 4 and 5 years. The information available on
HS performance at early ages is not consistent with a previous
study reporting no significant differences in HS performance with
increased age (4—7 years old) (Hager-Ross & Rosblad, 2002). In
addition, a significant sex dimorphism from the age of 4—5 years
was observed. These results are in agreement with those obtained
by Molenaar et al. (2010) which showed that, in children of 4—6
years, the boys were 24%—34% stronger in HS. Likewise, regarding
the effect of sex on HS performance in children, some previous
studies have reported significant differences according to sex
(Cohen et al., 2010; Montalcini et al., 2016; Omar et al., 2015;
Ploegmakers et al., 2013). However, Marrodan Serrano et al.
(2009) in a study of children and teenagers aged from 6 to 18
years, found sex dimorphism only from the age of 12 years. The
authors of this current work suggest that differences might be due
to the higher level found in boys of moderate-to vigorous physical
activity (O'Dwyer et al., 2014). Moreover, these results could indi-
cate differences in neuromuscular maturation among preschool
girls and boys. In addition, boys showed higher body mass and body
height than girls, which are positively associated with HS.

We demonstrated significant correlations between HS and body
mass, body height, BMI and waist circumference. These associa-
tions between HS with BMI and waist circumference in preschool
children concur with those reported by Martinez-Tellez et al.
(2015). All of these associations may be explained by the observa-
tion that high body mass is an extra load to be moved in any
movement; moreover, neurological factors, such as motor unit
recruitment and synchronisation, may explain the higher HS
observed in preschool children with a higher BMI and waist
circumference (Martinez-Tellez et al., 2015). Furthermore, multiple
linear regression analysis between HS and age, anthropometric
variables and sex shows that age, BMI and sex are predictor
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Fig. 1. Bland-Altman graph handgrip strength; the x axis shows mean values of handgrip strength and the y axis the difference values of posttest-pretest of handgrip strength. The
graph shows limits of agreement (2 SD) of 1.49 and —1.26 kg; the mean of the differences was equal to 0.11 + 0.69 kg.



4 PA. Latorre Roman et al. / Physical Therapy in Sport 26 (2017) 1—6

Table 1
Anthropometric characteristics and handgrip strength performance according to sex.

All Boys (n = 625) Girls (n = 590) p-value 95% Partial Eta Squared
(n =1215) Mean (SD) Mean (SD) Confidence
Mean (SD) Interval
Age (years) 4.32 (1.05) 4.35 (1.06) 4.28 (1.03) 0.232 —0.046/0.190 0.001
Body mass (kg) 19.59 (4.56) 19.94 (4.77) 19.22 (4.29) 0.007 0.200/1.235 0.006
Body height (cm) 109.95 (9.13) 110.51 (9.23) 109.36 (9.00) 0.031 0.106/2.199 0.004
Body mass index (kg/m?) 16.10 (2.14) 16.21 (2.20) 15.98 (2.07) 0.068 —-0.017/0.478 0.003
Waist circumference (cm) 55.61 (6.05) 55.48 (6.22) 55.74 (5.86) 0478 —-1.001/0.470 <0.001
Handgrip strength. Right hand (Kg) 6.24 (2.48) 6.46 (2.55) 6.01 (2.39) 0.002 0.174/0.735 0.008
Handgrip strength. Left hand (Kg) 5.81(2.41) 6.06 (2.47) 5.54 (2.32) <0.001 0.248/0.793 0.012
Handgrip strength. Average (Kg) 6.02 (2.33) 6.25 (2.39) 5.77 (2.25) <0.001 0.226/0.750 0.011
SD (Standard deviation).
Table 2
Handgrip strength performance average by age groups and sex.
Age (years) All Boys Girls p-value 95% Partial Eta Squared
Confidence
n Mean (D) n Mean (D) n Mean (D) Interval
3 327 444 (143)a 452 4.57 (1.50)a 424 4.31(1.36)a 0216 —0.148/0.655 0.001
4 355 5.34 (1.69)b 583 5.58 (1.70)b 524 5.09 (1.63)b 0.013 0.103/0.876 0.005
5 313 6.97 (1.91)c 628 723 (1.91)c 622 6.73 (1.90)c 0.017 0.091/0.919 0.005
6 202 8.32 (2.62)d 143 8.45 (2.66)d 174 8.14 (2.57)d 0.243 —0.211/0.832 0.001
p-value (intra group) <0.001 <0.001 <0.001

SD (standard deviation). Values with different subscript letters indicate significant differences (p < 0.05) in Post hoc analysis Bonferroni.

Table 3
Multiple linear regression analyses between handgrip strength with age, anthro-
pometric variables and sex.

B t p-value 95% confidence interval to B
Lower limit Higher limit
Constant -1.749 -3.819 <0.001 —2.648 —-0.851
Age 1.292 24911 <0.001 1.190 1.394
BMI 0.125 4.924 <0.001 0.075 0.175
Sex 0.355 3.261 0.001 0.141 0.569
R? 0.370

variables for HS; these results are in agreement with those of
Montalcini et al. (2016) in elementary school children. In this study,
body height did not predict HS; this finding is in contrast to that of
Jirimae, Hurbo, and Jiirimae (2009). Nevertheless, specifically in
preschoolers, body height and body weight should be considered as
significant predictors of physical fitness (Kondric et al., 2013);
Ploegmakers et al. (2013) showed that body height and body

weight have a strong association with HS in children.

The availability of reference values of HS is relevant from
different points of view: (i) HS is an important test to evaluate
physical fitness and nutritional status in children (Marrodan
Serrano et al., 2009; Martinez-Tellez et al., 2015); (ii) HS determi-
nation provides information about an important aspect of physical
development, particularly of skeletal muscle development (Rauch
et al., 2002); (iii) HS is positively associated with lung capacity
and quality of life in children (Latorre-Roman et al., 2014); (iv) HS is
an emerging risk factor for major causes of death in young adult-
hood (Ortega et al., 2012); (v) there is a relationship between HS
and fasting insulin levels (Lazarus, Sparrow, & Weiss, 1997); (vi) in
primary school students, a poorer HS was associated with meta-
bolic risk. Therefore, the addition of handgrip dynamometry to
non-invasive youth health surveillance programmes would
improve the accuracy of the assessment of cardio-metabolic health
(Cohen et al., 2014) and, thereby, the availability of normative data
for HS could help to identify children with possible health
problems.

Table 4
Percentiles of handgrip strength (Kg) average in boys and girls.
Age (months) Percentile 04 2 10 25 50 75 920 98 99.6
36 Boys 1.60 1.98 2.63 3.35 4.46 572 6.76 7.92 8.73
Girls 1.58 2.01 2.66 3.27 4.07 4.95 5.74 6.76 7.55
42 Boys 1.29 1.81 2.61 3.38 4.40 5.50 6.44 7.58 8.42
Girls 1.36 1.92 2.72 3.43 4.29 5.21 6.04 7.12 7.97
48 Boys 1.15 2.04 3.28 4.30 5.47 6.67 7.76 9.15 10.24
Girls 1.19 2.02 3.16 4.09 513 6.20 7.19 8.48 9.50
54 Boys 0.83 1.84 3.21 423 5.29 6.33 7.31 8.58 9.59
Girls 0.73 1.61 2.81 3.71 4.65 5.58 6.45 7.61 8.53
60 Boys 0.97 2.28 4.11 5.42 6.71 7.93 9.06 10.52 11.66
Girls 0.81 2.03 3.84 513 6.38 7.58 8.74 10.28 11.52
66 Boys 1.16 2.61 4.70 6.18 7.66 9.02 10.18 11.59 12.63
Girls 0.84 2.12 412 5.51 6.77 7.96 9.14 10.73 12.02
72 Boys 1.34 2.86 5.04 6.63 8.28 9.73 10.84 12.08 12.94
Girls 1.04 2.49 4.80 6.36 7.69 8.95 10.23 11.99 13.43
78 Boys 1.62 3.28 5.66 7.45 9.36 10.98 12.10 13.23 13.96
Girls 1.40 3.16 5.95 7.78 9.26 10.67 12.14 14.20 15.91
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Fig. 2. Percentile curves for handgrip strength for boys and girls preschool children aged 3—6 years.

According to Ortega et al. (2011), HS under the 10th, can be used
as a “warning signal,” and further testing should be conducted
investigate the presence of morbidity. Although it is rarely used at
present in schools, the HS test provides important information on
children's health. Schools provide appropriate settings in which to
identify, at an early stage, children with low fitness levels and to
establish programmes to promote healthy behaviours (Castro-
Pinero et al., 2009), such as physical activity.

The main limitation in this study is its cross-sectional design;
the level of muscular strength in growing children should be
measured in a longitudinal study. In addition, the sample
comprised children in southern Spain and generalisation to a wider
population should be done with caution, which was another limi-
tation. Moreover, the range of the grip span of the CAMRY dyna-
mometer was calculated with the TKK dynamometer references (its
analogue version), which is another limitation. However, the
strengths of this study are that a large number of children were
studied throughout a large geographical area, and both rural and
urban schools were included.

Eventually, from a practical point of view and considering the
lack of reference values for assessing the HS of Spanish preschool
children of southern Spain, the percentile values obtained in this
study might play a key role for teachers and physicians who work
with children aged 3—6 years. Assessing HS costs little and its easy
use allows the test to be employed in both sports and clinical
practice.

In conclusion, as expected, HS increased with age, boys were
generally stronger than girls and various anthropometric measures
correlated positively with HS. This study has provided references
values for muscular strength assessment by an HS test carried out
in a large sample of preschoolers. Finally, this study reports that HS
is a feasible and highly reliable test in preschool children.
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Abstract

The purpose of this study was to examine age and sex differences in static balance
(SB) and to determine norm-referenced values for Spanish preschool children.
A total of 3,575 children, aged 3 to 6 years (age=56.08 % I1.11 months; body
mass index = 15.94+ 1.91 kg/m?; 1,759 girls and 1,816 boys) were selected from
51 schools in southern Spain. To measure SB, we used the Stork Balance Stand Test,
averaging both right and left foot data for determining SB normative values,
expressed in percentiles. Girls exhibited a better performance than boys at 4
years of age (p=.010, Cohen’s d=—0.165), but a poorer performance at 6 years
(p=.002, Cohen’s d=0.247). SB performance of the entire sample was higher with
increased age, except for 5 to 6 years.

Keywords
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Introduction

Preschool development is characterized by significant changes in the acquisition
of fundamental motor skills (FMS) and nervous system maturation (Tanaka,
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Hikihara, Ohkawara, & Tanaka, 2012). Motor competence during infancy and
childhood is influenced by the child’s individual growth and morphological,
physiological, and neuromuscular characteristics (Venetsanou & Kambas,
2009). The mastery of FMS contributes to children’s physical, cognitive, and
social development and is essential for an active lifestyle and sport and game
participation in childhood and adolescence (Hardy, King, Farrell, Macniven &
Howlett, 2010; Lubans, Morgan, Cliff, Barnett, & Okely, 2010; Williams et al.,
2008). The relationship between children’s motor performance, FMS, muscular
strength, and cardiovascular fitness with physical activity level and health status
has been widely studied and established (Cattuzzo et al., 2014; Larsen,
Kristensen, Junge, Rexen, & Wedderkopp, 2014; Schott & Holfelder, 2015).
On the other hand, compromised stability may hinder a child’s ability to
master FMS (Mickle, Munro, & Steele, 2011). Balance control includes both
static and dynamic balance and is essential in the development of locomotion
and manipulation skills; specifically, the development of static balance (SB), a
basic characteristic of normal motor development (Geuze, 2005). The control of
SB is defined as the ability to maintain the center of gravity within the limits of
the base of support (Rogers, Page, & Takeshima, 2013). Children with develop-
mental disabilities may have poor control of either compensatory postural reac-
tions, or anticipatory postural control, which may contribute to their delayed or
deviated motor development (Liao, Mao, & Hwang, 2001). Balance deficits have
been well demonstrated in children with autism (Fournier et al., 2010), Down’s
syndrome (Galli et al., 2008), cerebral palsy (Pavao, dos Santos, de Oliveira, &
Rocha, 2014), children with developmental coordination disorders (Geuze,
2005), children with developmental dyslexia (Pozzo et al., 2006), and children
with attention deficit hyperactivity disorder (Shum & Pang, 2009).

Most SB studies have been carried out in children over 6 years (Geldhof et al.,
2006; Rival, Ceyte, & Olivier, 2005). One recent study examined the neuromotor
development of 3- to 5-year-old children and provides normative data of SB, but
its sample size was small (Kakebeeke et al., 2013). Although there are limited
studies analyzing correlates of physical and motor fitness associated with growth
and maturity (Malina & Katzmarzyk, 2006), particularly on SB in preschool
children, research is limited regarding the reliability and validity of fitness and
motor tests in preschool children (Ortega et al., 2015), despite the need for
reliable measures for investigating the relationship between physical fitness
and health (Latorre et al., 2015; Ortega et al., 2015). To the best of the authors’
knowledge, there is no available information regarding reference values for SB
tests in Spanish preschool children. We hypothesized that there are no significant
differences in SB between children of different sexes, but we suspected that such
variables as age and body mass index (BMI) could influence SB. Therefore, the
main purpose of this study was to examine age and sex differences in Spanish
preschool children on SB tests, analyze the influence of anthropometrics vari-
ables on SB and provide SB reference values for Spanish preschool children.



Latorre Roman et al. 3

Method
Participants

A total of 3,575 children participated in this study (age =56.08 &= 11.11 months;
BMI = 15.94 4 1.91 kg/m?; 1,759 girls and 1,816 boys), selected from 51 schools
in southern Spain. This convenience sample was selected within a large
geographic area of Andalusia (Spain) containing both urban and rural areas.
Inclusion criteria for participant selection included early childhood school enrol-
ment and being free from physical or intellectual disabilities or any pathological
disorder associated with the visual or vestibular system. Parents voluntarily
signed an informed consent form permitting their children to participate in
this study. The study was completed in accordance with the norms of The
Declaration of Helsinki (2013 version) and followed the directives of the
European Union on Good Clinical Practice (111/3976/88 of July 1990), as spe-
cified in the Spanish legal framework for human clinical research (Royal Decree
561/1993 on clinical essays). The study was approved by the Ethics Committee
of the University of Jaen (Spain).

Materials and Testing

Body height (cm) was measured with a stadiometer (Seca 222, Hamburg,
Germany) and body mass (kg) with a weighing scale (Seca 899, Hamburg,
Germany). BMI was calculated by dividing body mass (in kilograms) by
height® (in meters). Waist circumference (WC) was measured by using a Seca
Ergonomic Circumference Measuring Tape SE201 (Seca, Germany). To measure
SB, the Stork Balance Stand Test (SBST) was used (Johnson & Nelson, 1968). The
reliability of SB in preschool children has previously been reported using test—
retest in the pretest (mean, SD)=13.14+10.16s and retest (mean, SD)=
13.32+9.70s (p>.05), and an intraclass correlation coefficient (ICC)=0.995
(95% ClI, [0.992, 0.997]) (Latorre et al., 2015).

Procedure

To standardize the testing procedure for SBST participants stood without shoes
on one foot and placed their hands on their hips with their opposite foot placed
against the inside of the supporting knee. On a signal, the child raised the heel of
one foot from the floor and attempted to maintain balance for as long as pos-
sible during one minute. The trial ended if the child either moved his/her hands
from the hips, the kickstand moved from its original position, or if the non-
supporting foot lost contact with the knee. The test was timed using a stopwatch.
The stopwatch was started as the heel was raised from the floor. The total time
in seconds was recorded for one minute. Two attempts were made with both legs
and the best results were scored. Right and left foot data were both collected,
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and the average was used to determine the normative values of SB. The test score
was the runtime, a longer time indicating a better performance. The research
team conducted a demonstration, and the children performed some familiariza-
tion trials to reach the best score possible.

Statistical Analysis

Data were analyzed using SPSS, v.19.0 for Windows (SPSS Inc, Chicago, USA)
and the R statistical program (R Core Team, 2016) with the GAMLSS
(Generalized Additive Model for Location, Scale and Shape) package (Rigby
& Stasinopoulos, 2006) and the significance level was set at o« < .05. The data are
shown in descriptive statistics for means, standard deviations, and percentiles.
Tests of normal distribution and homogeneity (Kolmogorov—Smirnov and
Levene’s, respectively) were conducted on all data before analyses. Differences
between sex and age-groups were analyzed using analysis of variance (ANOVA)
and Bonferroni test, using BMI as a covariate. The magnitudes of the differences
between values were also interpreted using the Cohen’s d effect size statistic
(Cohen, 1988). Effect sizes of less than 0.4 represented a small magnitude of
change while 0.41 to 0.7 and greater than 0.7 represented moderate and large
magnitudes of change, respectively (Thomas, Silverman, & Nelson, 2015).
A Pearson correlation analysis was performed between the SBST and various
age-adjusted anthropometric variables. A reliability pretest—posttest analysis
was performed using ICCs. The percentile curves were calculated as a function
of age stratified by sex using the LMSP (Lambda, mu, sigma, power exponen-
tial) method, assuming a Box-Cox power exponential distribution, a generalized
model of the LMS (lambda, mu, sigma) method. This method has been imple-
mented in the GAMLSS package in R software (Stasinopoulos & Rigby, 2007).

Results

Table 1 shows anthropometric characteristics and SB performance in relation to
sex. G@irls exhibited a higher right leg SB score than boys (mean,
SD=28.63+£9.35s vs. 7.88£8.70s, respectively, p=.014) while no significant
sex differences were found for the left leg or average SB performances.
Table 2 shows SB performance for the left leg by both age and sex groupings.
There were no significant SB differences between boys and girls in any age-
group. Table 3 shows SB performance in the right leg by age-group and sex.
Girls exhibited a greater performance than boys at 4 years (p <.001) and a
poorer performance at 6 years old (p=.002). Table 4 shows the average SB
performance by age-group and sex. Girls exhibited a better performance than
boys at four years (p=.010) and a poorer performance at six years old
(p=.002). In relation to age, for the whole group, the SB performance was
higher with increased age, except for 5 to 6 years. Reference values for SB
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Table 5. Percentiles Values of Static Balance (in Seconds) Average in Boys and Girls.

Age (months) Percentile 10 25 50 75 90
36 Boys 1.75 2.48 3.82 6.30 10.70
Girls 1.60 223 341 5.62 9.68
42 Boys 1.35 1.96 3.1 522 8.86
Girls 1.21 1.73 2.72 4.57 7.84
48 Boys 1.47 222 3.63 6.21 10.54
Girls 1.76 2.63 4.28 7.36 12.65
54 Boys 1.88 2.94 4.96 8.58 14.43
Girls 223 3.47 5.83 10.14 17.24
60 Boys 2.62 423 7.27 12.55 20.66
Girls 2.44 3.94 6.75 11.69 19.34
66 Boys 2.89 4.79 8.26 14.04 22.38
Girls 2.87 4.69 8.0l 13.48 21.32
72 Boys 3.70 6.22 10.68 17.74 27.30
Girls 3.17 5.23 8.78 14.27 21.58
78 Boys 1.71 2.92 4.97 8.06 12.01
Girls 3.50 5.99 9.99 15.84 23.54

performance in Spanish preschool children according to sex and age are shown
in Table 5 and are expressed in percentiles (also see Figures 1 and 2). The
Pearson correlation analysis showed significant correlations between SB and
body mass (r=.106, p<.001), body height (r=.175, p<.0l), and WC
(r=.044, p < .01).

Discussion

As hypothesized, there were no significant overall sex differences in average SB
scores, but variables such as age and BMI influenced SB, even to the point that
SB performance differed between boys and girls at different ages, with girls
exhibiting a better performance than boys at four years old but a poorer per-
formance at six years old and with no significant sex differences at three and five
years of age. Our findings refine findings of past research which showed signifi-
cant sex differences for balance among preschoolers, with girls outperforming
boys in SB (livonen et al., 2013). Franjoine, Darr, Held, Kott, and Young
(2010), using the Paediatric Balance Scale (PBS), found that girls had signifi-
cantly higher scores across age-groups, with this effect most pronounced in
children younger than five years old and the greatest sex differences in the two
years, two years six months, three years, and four years age-groups. However,
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Figure |. Percentile curves for static balance for boys.

Kaur et al. (2015), with a greatly reduced sample of 49 preschool children
showed no significant sex differences in balance. In relation to age, balance
control improves as a result of maturation (Cumberworth, Patel, Rogers, &
Kenyon, 2007; Steindl, Kunz, Schrott-Fischer, & Scholtz, 2006), and these
data support that impression and further suggest that both age and sex signifi-
cantly affect SB performance in preschoolers, as suggested by Franjoine et al.
(2010).

The influences of anthropometric characteristics such as body mass, body
height, BMI, and WC on SB in preschool children have been less well under-
stood. Several studies showed that obesity and being overweight reduced static
and dynamic balance and postural skills (Boucher, Handrigan, Mackrous, &
Hue, 2015; Deforche et al., 2009). However, in preschoolers, motor skill abilities
such as balancing are generally of the same level in both obese and normal
weight children of 4 to 6 years of age (Castetbon & Andreyeva, 2012). The
present study found that SB skills in healthy preschool children aged three to
six years old correlated with parameters of physical growth, such as body mass
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Figure 2. Percentile curves for static balance for girls.

and body height, although Pearson values were very low. Similar results were
reported by Franjoine et al. (2010), who found moderately strong correlations
between body height and pediatric balance scale (PBS) score (r=.650), body
mass and PBS score (r=.642), and a weak correlation between BMI and PBS
scores (r=.182). Other authors concluded that preschoolers with lower BMI
scored better in the balance test, showing significant correlations between bal-
ance skills with body height (r= .45, p=.001) and BMI (r= .47, p=.001) (Kaur
et al., 2015), but, in this study, no correlations between BMI and SB were found.

Finally, this study provides reference values for SB adjusted by age and sex
for a large sample of Spanish preschool children. The main limitation in this
study was its cross-sectional versus longitudinal design for measuring SB in
growing children. However, a strength of this study included its large population
sample size. Practically, reference percentile values from this study provide
needed comparative data for teachers and coaches who wish to use the simple,
low-cost SBST to monitor static balance development in preschool children they
see. Moreover, the lowest percentile can be used as a “‘warning signal” to con-
duct additional tests in order to identify possible motor delays.
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Abstract

Background Because fitness level is a potent biomarker of health from an early age, the
improvements of physical fitness performance through the promotion of physical activity could be
important for the health of preschool children, particularly in obesity prevention.

Objective The purpose of this study is to determine the physical fitness in children aged 3-6 years,
discriminating performance by sex, age and body mass index (BMI).

Method A total of 3868 children from 3 to 6years agreed voluntarily to participate. Demographic
characteristics revealed that 1961 children were male (age: 55.71+11.11 months old, BMI=16.03
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Conclusions

Introduction

Preschool age is characterized by significant changes in the
acquisition of locomotors skills and nervous system matura-
tion (Tanaka, Hikihara, Ohkawara, & Tanaka, 2012). Physical
fitness is a condition that permits the individual to carry out
his or her daily activities without undue fatigue and with
adequate reserve to enjoy active leisure pursuits (Malina &
Katzmarzyk, 2006). Components of physical fitness have
included strength, cardio respiratory endurance, speed,
balance, strength and flexibility (Council of Europe Committee
for the Development of Sport, 1998). Fitness level is a potent
biomarker of health from an early age and physical exercise

© 2016 John Wiley & Sons Ltd

+1.93 kg/m?), and 1907 were female (age 56.16 +0.97 months old, BMI = 15.85 + 1.89 kg/m?), and
they were selected from 51 schools in southern Spain.

Significant differences were found between sexes: boys showed a greater performance on
cardio respiratory endurance, reaction time, strength and running speed. We found significant
differences by sex in the different age groups (3, 4, 5 and 6 years old).

Sex differences in physical fitness are evident at an early age; in addition, the
relationship between physical fitness and BMI is inconsistent in preschool children. The
improvements of physical fitness performance and its association with physical activity could be
important for the health of children, particularly in obesity prevention.

being one of the main determinants of physical fitness (Ortega,
Ruiz, Castillo, & Sjostrém, 2008). The importance of physical
activity for health is well known, and research has noted both
physical and psychological benefits when children participate
in physical activity (Ahn & Fedewa, 2011;" Janssen & Leblanc,
2010). Several studies have shown that the physical activity of
preschool children is moderately low (Grzywacz et al. 2014;
Tucker, 2008). Physical activity and physical fitness have
similar influence on health outcomes, including overweight
(Rauner, Mess, & Woll, 2013), although the association
between physical activity and physical fitness has been stronger
than that between overweight and physical fitness (Fogelholm,
Stigman, Huisman, Metsimuuronen, & Metsamuuronen,
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Table 1. Results in the physical fitness considering sex and age group

3 years 4 years
Total mean Boys mean Girls mean 95% confidence n=978 n=1205
(SD) n=3868 (SD) n=1961 (SD) n=1907 P-value interval Mean (SD) Mean (SD)
10x20m (s) 88.19 (19.31) 87.41 (19.58) 88.96 (19.02) 0.026 —3.034/-0.196 98.98 (20.66) 89.62 (18.38)
Ruler drop 32.49 (10.65) 31.88 (10.40) 33.13 (10.87) 0.001 —1.906/—0.477 32.57 (11.13) 33.36 (11.03)
test (cm)
Balance (s) 8.51 (7.91) 8.37 (7.81) 8.65 (8.01) 0.276 —0.228/0.801 4.96 (4.44) 7.79 (7.25)
Standing long 69.92 (25.21) 72.80 (25.93) 66.93 (24.08) <0.001 4.225/7.611 52.17 (20.58) 67.99 (22.94)
jump (cm)
20-m running 6.15(1.16) 6.05 (1.15) 6.25 (1.16) <0.001 —0.282/—0.110 6.93 (1.18) 6.24 (1.12)
speed (s)

SD (standard deviation). Post-hoc analysis (Bonferroni).
***¥P < 0.001.

2008). In addition, physical fitness, adiposity and the
distribution of body fat during childhood have shown a high
correlation with cardiovascular health in adulthood
(Casajus et al. 2012).

Biirgi et al. (2011) indicate that in preschool children, the
level of physical activity is associated to improvements in heart
abilities and aerobic capacity, consequently being a determi-
nant of cardiovascular risk. Likewise, high levels of aerobic
performance and motor coordination are strong predictors of
physical activity during childhood (Lopes, Rodrigues, Maia, &
Malina, 2011). Krombholz's (2006) study with 1194 preschool
children indicates positively significant correlations between
measures of physical growth and physical performance and
between motor and cognitive performance, physical fitness,
body coordination and manual dexterity, which improved
across age groups.

Therefore, early childhood should be targeted as a critical
time to promote healthy lifestyle behaviours (Jones, Hinkley,
Okely, & Salmon, 2013). However, despite the fact that a
sedentary lifestyle at this age is quite common (De Bock,
Genser, Raat, Fischer, & Renz-Polster, 2013), few studies have
analysed the physical fitness of children age 3-6years old
(Biirgi et al. 2011; Niederer et al. 2012). Considering the facts
and information mentioned above, the aim of this study is to
determine the physical fitness in children aged 3-6years,
discriminating performance by sex, age and BML

Methods

Participants

Initially 4459 children aged 3 to 6years were selected to
participate in the current study. Of these, 3868 returned signed
parental consent to participate. Demographic characteristics

© 2016 John Wiley & Sons Ltd, Child: care, health and development

revealed that 1961 children were male (age: 55.71
+11.11 months old, body mass index [BMI] =16.03 +1.93 kg/
m?), and 1907 were female (age 56.16+0.97 months old,
BMI=15.85+1.89kg/m ), and they were selected from 51
schools in southern Spain. The sample has been selected by
convenience in a large geographic area of Andalusia in both
urban and rural areas. Inclusion criteria considered schooling
in early childhood and being free from physical and/or
intellectual disabilities. Parents voluntarily signed an informed
consent form for the participation of their children in this
study. The study was completed in accordance to the norms of
The Declaration of Helsinki (2013 version) and following the
directives of the European Union on Good Clinical Practice
(111/3976/88 of July, 1990), as specified in the Spanish legal
framework for human clinical research (Royal Decree
561/1993 on clinical essays). The study was approved by the
Ethics Committee of the University of Jaen (Spain).

Materials and testing

Height (cm) was measured with a stadiometer (Seca 222,
Hamburg, Germany) and weight with a bascule (Seca 899,
Hamburg, Germany). BMI was calculated by dividing weight
(in kilograms) by height® (in metres). The 85th and 95th
percentiles of the study by Sobradillo et al. (2004) were
considered in classifying children as overweight or obese,
respectively, in relation to BMI.

The fitness test battery by Latorre ef al. (2015) was used in
the current study, which is focused on testing basic
components of physical condition and motor development,
such as endurance (10 X 20 m), strength (standing long jump),
speed (20 m), reaction time (RT) (ruler drop test) and balance
(flamingo). Latorre et al. (2015) show test-retest reliability, by
intra-class correlation coefficient, between 0.774 and 0.995. In



Table 1. Continued

Physical fitness in preschool children 3

5 years 6 years Normal weight Overweight Obesity
n=1345 n=340 Post-hoc n=2983 n=294 n=324
Mean (SD) Mean (SD) P-value analysis Mean (SD) Mean (SD) Mean (SD) P-value
10x20m (s) 82.92 (16.34) 76.15 (14.35) <0.001 3> 4,56, 88.03 (19.07) 88.02 (19.07) 90.66 (22.96) 0.304
4> 5,6%*%,
5 > 6***
Ruler drop 32.38 (10.07) 29.66 (9.59) <0.001 3> 6%*, 32.68 (10.65) 32.18 (10.19) 31.12 (10.69) 0.094
test (cm) 4> 6**%,
5 > 6***
Balance (s) 10.66 (8.82) 11.47 (9.24) <0.001 3 < 4,56, 8.45 (7.83) 7.96 (7.52) 8.53 (7.95) 0.090
4 < 5,6%*%,
Standing long 79.71 (23.11) 86.90 (21.38) <0.001 3 <4,56%*. 70.07 (24.98) 70.52 (24.99) 68.41 (27.56) 0.427
jump (cm) 4 < 5,6",
20-m running 5.80 (0.98) 5.49 (0.86) <0.001 3>4,56%%, 6.17 (1.16) 6.07 (1.21) 6.09 (1.16) 0.672
speed (s) 4 > 5,6%*%

SD (standard deviation). Post-hoc analysis (Bonferroni).
***p < 0.001.

the 10 x20m and sprint test, the test score was the running
time, so that a longer time indicates a poorer performance. In
the RT, the test score was the distance reached, so a greater
distance indicates a poorer performance. In the balance test,
the test score was the runtime, so a longer time indicates a
greater performance. In the standing long jump, the test score
was the distance reached, a greater distance indicating a greater

performance.

Procedure

After obtaining the appropriate permits in schools and
informed parental consents, we proceeded to the application
of the test battery. All tests were conducted in schools — sports
facilities and classrooms — and were supervised by own
researchers, with teachers present too, during playtime with
each group of students. In two separate sessions, 48 h apart, a
team of researchers previously trained in conducting the
different tests evaluated participants. During the first testing
session, RT (two trials with left and right hand; the average of
both hands was recorded), the standing long jump test
(two trials, the best trial was registered) and the balance test
(two trials with left and right leg; the average of both legs was
registered) were performed. Two days later, during the second
testing session, the 20-m sprint (two trials, the best trial was
registered) and 10Xx20m tests (one trial) were performed.
Prior to the testing sessions, children performed a typical
warm-up consisting of five minutes of low-intensity running
and 5min of general exercise (i.e. skipping, leg lifts, lateral

running and front-to-behind arm rotations). The children also
performed some familiarization trials for the RT, balance
assessment and the horizontal jumping. Each child was
individually assessed. The research team conducted a demon-
stration. The children were motivated and encouraged to reach
the best score possible in every test.

Statistical analysis

Data were analysed using SPSS, v.19.0 for Windows (SPSS Inc,
Chicago, USA), and the significance level was set at P < 0.05.
The data are shown in descriptive statistics for mean and
standard deviation (SD). Tests of normal distribution and
homogeneity (Kolmogorov—Smirnov and Levene's, respective-
ly) were conducted on all data before analysis. Differences
between sex and age groups were analysed using analysis of
variance (ANOVA) adjusting by Bonferroni test; additionally,
differences between weight status were analysed with ANOVA
using as covariables: age and sex. Finally, a Pearson correlation
analysis was performed between physical fitness tests with BMI
adjusted for age.

Results

Table 1 shows results in physical fitness regarding sex, age and
weight status. Significant differences were found between sexes:
boys showed a greater performance on cardio respiratory
endurance, RT, strength and running speed. Furthermore, an
increase in physical fitness in correlation to age was found and
significant differences by sex in the different age groups

© 2016 John Wiley & Sons Ltd, Child: care, health and development
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(Figs1-4). In the 10X 20m, sex differences were found at 5—
6years, the boys showing a greater performance. In the
standing long jump, the sex differences were found at 3 and 4—
5 years, the boys showing a greater performance. In RT, the sex
differences were found at 4-5 years, the boys showing a greater
performance. Finally, in running speed, the sex differences
were found at 3 and 4-5years, the boys showing a greater
performance. In relation to the weight status, the prevalence of
overweight was 8.1% and obesity 8.9% and no significant
differences were found in physical fitness. The Pearson
correlation analysis is shown in Table 2; BMI does not
correlate with the physical fitness, except for balance, which
does show a low correlation.

Discussion

The aim of this study was to determine the physical fitness in
children 3-6years old, discriminating performance by sex,
age and BMI. The main finding was that sex differences in
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Figure 1. 10 x 20 m differences by sex in age groups *P < 0.05. **P < 0.01.
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Figure 4. Running speed differences by sex in age groups. *P < 0.05.
P < 0.001.

physical fitness were evident at an early age. These differences
could be explained because of the fact that preschool girls
present a more sedentary lifestyle and lower levels of
moderate to vigorous physical activity than boys (Tanaka
et al. 2012). Likewise Malina, Bouchard and Bar-Or (2004)
showed that there are large inter-individual differences in
physical fitness in children. In this study, boys showed greater
performance in strength, cardio respiratory capacity, RT and
running speed than girls. Previous studies support sex
differences in physical fitness and fundamental motor skills.
Tanaka et al. (2012) showed a greater performance in
standing long jump, running speed and lower balance in
preschool boys than preschool girls. Kondric et al. (2013)
found better scores for preschool boys in the standing long
jump relative to preschool girls. Although, Biirgi et al. (2011)
did not find significant differences between preschool boys
and girls in BMI, or in aerobic fitness or balance tests.
Moreover, Zhou, Ren, Yin, Wang and Wang (2014) did not
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Table 2. Correlation Pearson between BMI and physical fitness test adjusted for age

BMI 10x20m Ruler drop test Balance Standing long jump 20-m running speed
BMI 1 0.028 —0.015 —0.052* —0.012 —0.013
10x20m 1 0.032 —0.176*** —0.157%** 0.405%**
Ruler drop test 1 —0.085%** —0.069** 0.018
Balance 1 0.129%** —0.108***
Standing long jump 1 —0.268%**
20-m running speed 1

*P < 0.05. **P < 0.01. **P < 0.001.

find significant differences between sex in the balance beam
walk, standing long jump and 30-m sprint; however, boys
carried out better performances in the tennis ball throw, 30-
m crawl and flexibility measures than girls. Similarly,
Vameghi, Shams and Shamsipour Dehkordi (2013) showed,
in both ages (4-5 years—5-6 years), that boys were better than
girls in jumping and ladder-climbing skills, but girls were
better in skipping and hopping skills.

In this study, the prevalence of obesity is higher than that
detected in Europe in preschool children (Manios & Costarelli,
2011). Moreover, no significant differences were found
between boys and girls in BMI. Similar results were obtained
by Tomporowski, Davis, Miller and Naglieri (2008), Tanaka
et al. (2012) and Vameghi et al. (2013). The negative impact of
obesity on physical fitness has been documented in youth.
There are inverse relationships between physical fitness and
overweight (Rauner et al. 2013). However, in this study, BMI
did not correlate with physical fitness. Hence, the data on the
relationship between physical fitness and BMI are inconsistent
in preschool children. However, other authors (Lopes et al.
2011) indicated that BMI-group-related differences in physical
fitness can already be present in preschool-age children.
Accordingly, Vameghi et al. (2013) suggested that both
overweight and obese children have lower performance than
normal children. Likewise, overweight children (ages 43 to
84 months) showed lower performance in gross motor skills
(coordination and fitness), if compared with healthy-weight
children (Krombholz, 2013). Therefore, the presence of
conflicting results regarding the relationship between weight
status and physical fitness in preschool children requires
further studies to address this issue.

On the other hand, in this study, all physical fitness
tests correlate and improve with age, which may be
a healthy-growth indicator in preschool children. The
(2014) in
preschoolers. Additionally, Vameghi et al. (2013) demon-

results are consistent with Zhou et al

strated that age had a significant effect on walking and
running skills.

useful health
marker in childhood; hence, it is necessary to include physical

Physical fitness could be considered as a

fitness testing in the health-monitoring system (Ortega et al.
2008). Nevertheless, it is worth noting that fitness testing in a
school environment needs to be conducted in a manner that
does not stigmatize child who is overweight or uncoordinat-
ed. Accordingly, the increased prevalence of obesity, physical
inactivity, low physical fitness and the emergence of
symptoms of metabolic and cardiovascular diseases during
childhood and adolescence highlight the need to consider
physical activity and physical fitness in the development of an
International Growth Standard for Preadolescent and Ado-
lescent Children (Malina & Katzmarzyk, 2006). The im-
provements in physical fitness performance through the
promotion of physical activity could be important for the
health of preschool children, particularly in obesity preven-
tion. Additionally, opportunities to be physically active at
school are limited by pressure on scholastic performance
(Mahar et al. 2006); accordingly, little time for physical
activity is incorporated into preschool classrooms (Latorre,
2007). Increasing the amount of time devoted to physical
education can improve the physical fitness and health of
preschool children.

Finally, a limitation of the present study is its cross-
sectional design, so caution must be exercised when
the
strengths of our study include a relatively large population

interpreting the observed associations. However,
sample of children analysed across the first three school
years and the reliability of physical fitness tests in preschool
children.

In conclusion, sex differences in physical fitness are
evident at an early age in addition; the relationship between
physical fitness and BMI 1is inconsistent in preschool
children. Moreover, there is a strong connection between
growth and physical fitness. Therefore, measures of the
physical fitness of preschool children are necessary to
investigate the relationship between physical fitness and
health in this population.

© 2016 John Wiley & Sons Ltd, Child: care, health and development
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Key messages

+ Sex differences in physical fitness are evident at an early
age; in addition, the relationship between physical fitness
and BMI is inconsistent in preschool children.

Promoting physical activity in preschool children is of

considerable importance from a health perspective.

+ From a public health policy perspective, the evaluation of
this aspect is crucial in order to design programmes for
the prevention of cardiovascular risk factors and obesity.

» The involvement of those working in health care,

education and politics is important to promoting

physical activity in preschoolers.
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Feeding practices, physical activity and fitness of Spanish
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Dr. Pedro A. Latorre Romdn®, Lic. David Mora Ldpez® y Lic. Felipe Garcia Pinillos®

RESUMEN

Introduccién. La edad preescolar es un periodo
esencial para establecer habitos de nutricién y
actividad fisica adecuados.

Objetivo. Elproposito deeste estudio fueanalizar
el estado nutricional, el nivel de actividad
fisica (AF) y la condicién fisica (CF) de nifios
preescolares en relaciéon con el sexo y con las
variables sociodemogréficas de los padres.
Material y métodos. Se incluyeron nifios
preescolaresseleccionados de 30 centrosescolares
del sur de Espana. Se registraron pardmetros de
CF, AF, antropometria, estado nutricional de
los nifios y variables sociodemograéficas de los
padres.

Resultados. Participaron 1287 nifios de entre 3
y 6 afos, 643 nifos y 644 nifas, y 1267 padres
(el 72,4% eran madres y el 27,6%, padres). Las
nifias presentaronniveles mas bajos de sobrepeso
y obesidad que los nifios. Existieron diferencias
significativas por sexos en el consumo de
determinados alimentos: mayor consumo de
lacteos en el desayuno y aceite de oliva en nifias
y mayor consumo de comidas rdpidas y pastas o
arrozenlosvarones. Los varones presentaron una
mejor CF. Los nifios del estrato socioeconémico
mas bajo mostraron mayor indice de masa
corporal, peor estado nutricional y mas bajo
nivel de AF. Los nifos de padres con estudios
universitarios presentaron menor indice demasa
corporal y mejor estado nutricional.
Conclusiones. Los nifos preescolares de este
estudio presentaron valores elevados de
sobrepesoy obesidad ybajonivel de AF, teniendo
en cuenta las referencias internacionales. Las
nifias mostraron una CF inferior a la de los
varones. Los nifios cuyos padres presentaron
un nivel socioeconémico bajo y sin estudios
mostraron un nivel nutricional precario.
Palabras clave: preescolar, aptitud fisica, actividad
fisica, obesidad, nutricion.
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INTRODUCCION

El incremento del sobrepeso y la
obesidad en el mundo entero es una
realidad y es uno de los mayores
retos para la proteccién de la salud.

La prevalencia mundial de sobrepeso
y obesidad infantil aumento del 4,2%
en 1990 al 6,7% en 2010. Con esta
tendencia, se espera llegar al 9,1% en
2020; todo ello como consecuencia de
un probable cambio en los patrones
de nutricion y de actividad fisica
(AF).! Ademas, la adiposidad, la
baja condicién fisica (CF) aerdbica
y los bajos niveles de AF estan
asociados con el riesgo de enfermedad
cardiovascular en los nifios y su alta
prevalencia representa un importante
problema de salud publica.?

Es necesario analizar determinados
factores modificables (influencia de
los padres, entorno social, colegios,
tiempo de ocio, etc.) y no modificables
(sexo y edad) para poder realizar
un abordaje integral del sobrepeso
y la obesidad en ninos preescolares
y su relacion con la AF. Dentro de
los factores modificables, se destaca
la AF, la cual se asocia de manera
inversa con el sobrepeso.® Varios
estudios han demostrado que la AF
de los nifios en edad preescolar es
moderadamente baja.*® Ademas, la
CF es un biomarcador importante de
la salud desde una edad temprana.’
El sobrepeso y la adiposidad influyen
negativamente en la CF de los nifios,®
y existe una importante conexion
entre el crecimiento del cuerpo y la
CFE.*1" Ademas del ejercicio fisico, la
alimentacién es otro de los factores
exdgenos que mds importancia tienen
en el crecimiento infantil.

La edad preescolar es un momento
idéneo para establecer habitos de
nutricién y AF adecuados; es un
periodo critico para la prevencion de
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la obesidad, la cual se asocia con consecuencias
para la salud que pueden persistir en la
adolescencia y la edad adulta.®''* Por tanto, la
evaluacion del estado nutricional y el nivel de
AF en nifios preescolares debe ser un elemento
esencial para el control y el seguimiento de la
salud de esta poblacion.

Teniendo en cuenta la informacién presentada
anteriormente, se plantea como hipétesis que es
posible que, a edades preescolares, las practicas
alimenticias y la AF puedan verse afectadas
por el sexo de los nifios y por determinadas
caracteristicas sociodemograficas de los padres.
El objetivo de este estudio fue evaluar el estado
nutricional, ponderal, el nivel de AF y CF de
nifios preescolares en relacién con el sexo y otras
variables sociodemograficas de los padres.

POBLACION Y METODOS

Se incluyeron nifios preescolares
pertenecientes a 30 centros escolares del sur
de Espafia seleccionados aleatoriamente.
Como criterios de inclusion, se establecieron
la escolarizacién en Educacion Infantil y no
padecer discapacidad fisica y/o intelectual. Los
padres firmaron un consentimiento informado
de participacién voluntaria en esta investigacion
(determinante para la inclusién de los nifios). El
estudio se completd de acuerdo con las normas
de la Declaracién de Helsinki (version 2013). El
estudio fue aprobado por el Comité de Etica de
la Universidad de Jaén.

Mediante un cuestionario sociodemografico
realizado ad hoc, se recogié informacién de
los padres, como nivel de estudios, estado
civil y nivel socioeconémico (sobre la base de
su autopercepciéon socioeconémica). Como
pardmetros antropométricos, se analizaron la
altura (cm), que se midi6 con un estadiémetro
(Seca 222, Hamburgo, Alemania), el peso (kg), que
se midi6 con una bascula (Seca 634, Hamburgo,
Alemania), y el indice de masa corporal (IMC),
que se obtuvo de la ecuaciéon IMC= peso (kg)/
talla (m)2. Ademas, se registr6 el contorno del
abdomen a nivel de la cicatriz umbilical mediante
una cinta ergondmica Seca 201. En el analisis de la
CF, se emple¢ la bateria de pruebas de Latorre et
al. (2015)," que representa componentes basicos
de la condicion fisico-motriz, como la resistencia,
la fuerza, la velocidad y el equilibrio. Ademas,
se anadio6 la prueba de dinamometria manual
para analizar la fuerza de prensién manual. El
analisis del estado nutricional, tiempo de uso de
pantallas (se refiere al uso de pantallas de video,

como television, tabletas, consolas, moéviles,
computadoras, etc.) y AF se realizé mediante
el cuestionario Krece Plus, el cual presenta 16
cuestiones referentes a la ingesta nutricional
y dos cuestiones sobre uso de pantallas y
AF extraescolar.' El registro del tiempo en
sedestacion de los padres se realizé mediante
el analisis del item 7 del International Physical
Activity Questionnaire (IPAQ)™ en su version corta.

Todas las pruebas se realizaron en los centros
escolares, en sus instalaciones deportivas y aulas,
por investigadores expertos y en presencia de los
docentes de cada grupo de alumnos. Los padres
cumplimentaron, de manera autoadministrada,
los diferentes cuestionarios en su hogar.
Posteriormente, en dos sesiones separadas por
48 horas, los nifios fueron evaluados en la jornada
escolar (de 9 a 14), con una duracién aproximada
de 40 minutos por sesién. En el primer dia, se
realizaron las pruebas de fuerza de prensién
manual (dos intentos con cada mano), equilibrio
(dos intentos con cada pierna) y salto horizontal
(dos intentos). El segundo dia, se registraron la
prueba de 20 m (dos intentos) y 10 x 20 m (un
intento). Previamente a la realizacién de las pruebas
fisicas, los nifios efectuaron un calentamiento
basado en carrera continua y movilidad articular;
ademas, se realizaron, por parte del equipo
investigador, pruebas de demostracién y los
ninos ejecutaron ensayos de familiarizacién.
Se seleccionaron los mejores intentos en cada
prueba, excepto en la dinamometria manual y
equilibrio, que se realiz6 un promedio de las dos
manos y piernas, respectivamente, con el mejor
intento. Todos los nifios fueron motivados para
desarrollar el maximo rendimiento fisico mediante
instrucciones verbales que los animaran a correr
mas rapido, saltar mas lejos, etc.

El tamafio de la muestra para una poblacién
infinita con prevalencia desconocida en la que
p=q = 0,50, con un nivel de confianza del 99%
y un error del 5% fue de 645 sujetos. Para la
seleccion de la muestra, se emplearon los datos de
la Junta de Andalucia sobre Centros de Educacion
Infantil de Andalucia.

Los datos de este estudio se analizaron
mediante el programa estadistico SPSS, v.19.0
para Windows (SPSS Inc., Chicago, USA). El nivel
de significacién se fij6 en p < 0,05, a un nivel de
confianza del 95%. Los datos se mostraron en
estadisticos descriptivos de media, desviacion
tipica y porcentajes. Se comprob¢ la distribuciéon
normal de los datos y la homogeneidad de
varianzas mediante pruebas de Kolmogorov-
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Smirnov y contraste de Levene, respectivamente.
Las diferencias entre sexos, nivel de estudios
y estado socioeconémico de los padres se
analizaron mediante el analisis de varianza
(analysis of variance; ANOVA, por sus siglas en
inglés) con prueba post hoc mediante el ajuste de
Bonferroni. El andlisis del estado ponderal y del
cuestionario Krece Plus por items en relacién
con el sexo se realiz6 mediante la prueba chi
cuadrado. Por ultimo, se realiz6 la correlacion de
Pearson entre las diferentes variables.

TasLa 1. Caracteristicas sociodemogrificas de los padres

Estado civil n (%)
Soltero 53 (4,2)
Casado o en pareja 826 (65,2)
Divorciado/separado 372 (29,4)
Viudo 16 (1,2)
Total 1267 (100)

Nivel socioeconémico
Bajo 107 (8,6)
Medio 814 (65,6)
Alto 319 (25,8)
Total 1240 (100)

Nivel de estudios
Sin estudios 32(2,5)
Primarios 316 (25)
Secundarios 483 (38,2)
Universitarios 433 (34,3)

Total 1264 (100)

Tiempo de sedestacion diario en minutos

Media (DT) 248,20 (168,31)

DT: desviacién tipica.

RESULTADOS

El estudio se realizé entre los meses de abril
y mayo de 2015. Participaron un total de 1287
nifios de entre 3 y 6 afios (edad= 50,90 meses;
IMC= 16,03 + 2,13 kg/m?), 643 nifos y 644 nifas,
y 1267 padres (el 72,4% eran madres y el 27,6%,
padres).

En la Figura 1, se expone el diagrama de flujo
de los participantes. En la Tabla 1, se presentan las
variables sociodemograficas en relacién con uno
de los padres.

En cuanto al estado ponderal por sexos, las
diferencias fueron significativas (p= 0,004); las
nifias presentaron niveles mas bajos de sobrepeso
y obesidad que los nifios, 7,0%-9,2% vs. 9,7%-
13,9%, respectivamente, y la prevalencia total
de sobrepeso y obesidad fue de 8,3% y 11,5%,
respectivamente.

FiGura 1. Diagrama de flujo de los participantes

Evaluados para la
seleccion
(n= 1980 nifios)

Excluidos (n= 693)
No cumplen criterios de inclusion
—————® (n=57)
No aportan consentimiento
informado (n= 400)
W Renuncian a participar en todo el

Participantes que protocolo (n= 236)

completan el

estudio

(n=1287)

TaBLA 2. Resultados del cuestionario Krece Plus en porcentaje de respuesta de los padres por cada item en la muestra total y

por sexos
ftems n Porcentaje Nina  Nifo p-valor
padres total (%) (%)
No desayuna. 1248 15 15 1,6 0,817
Desayuna un lacteo (leche o derivados). 1257 93,3 94,9 91,7 0,024
Desayuna un cereal o derivado. 1254 68 66,6 69,4 0,290
Desayuna bollos o dulces. 1243 27,8 26,9 288 0,442
Ingiere una fruta o jugo de fruta todos los dias. 1263 79,2 784 799 0516
Ingiere una segunda fruta todos los dias. 1257 38,9 37,7 40,2 0,360
Ingiere un segundo lacteo durante el dia. 1257 85,7 85,6 85,9 0,862
Ingiere regularmente verduras frescas o cocinadas una vez al dia. 1265 62,9 63,9 61,8 0,439
Ingiere verduras frescas o cocinadas mas de una vez al dia. 1262 23 21,8 24,2 0,315
Ingiere pescado regularmente (mds de 2 o 3 veces por semana). 1264 76,9 77,5 76,3 0,617
Come una o mas veces a la semana hamburguesas, panchos (hot dogs) o pizza. 1266 29,7 25 34,3 <0,001
Le gustan las legumbres (lentejas, judias, mas de una vez a la semana). 1267 84,1 84,7 83,5 0,572
Ingiere varias veces al dia dulces y golosinas. 1266 22,9 23 22,8 0,930
Ingiere pasta o arroz casi a diario (méds de 5 veces por semana). 1267 31,6 28,3 34,9 0,012
Utiliza aceite de oliva en su casa. 1267 95,6 97,1 94,1 0,008
Toma bebidas alcohélicas (= 1/semana). 1266 0 0 0 -
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En la Tabla 2, se muestran los resultados
del cuestionario Krece Plus en porcentaje de
respuesta por cada item. Existieron diferencias
significativas por sexos en el consumo de
determinados alimentos: mayor consumo de
lacteos en el desayuno y aceite de oliva en las
nifias y mayor consumo de comidas rapidas y
pastas o arroz en los varones.

En la Tabla 3, se exponen los resultados de
las diferentes variables teniendo en cuenta el
sexo. Se encontraron diferencias significativas
en el IMC, que fue mayor en los nifios. A su vez,
estos manifestaron mejor rendimiento en salto
horizontal, velocidad, resistencia y fuerza de
prensién manual.

En la Tabla 4, se presentan los resultados de
las diferentes variables teniendo en cuenta el
nivel socioeconémico de los padres. Los nifios
del estrato socioeconémico mds bajo mostraron
mayor IMC, peor estado nutricional y més bajo
nivel de AF. El tiempo de uso de pantallas fue
menor en el estrato socioeconémico mas elevado,
que, sin embargo, present6 menor rendimiento
en pruebas fisicas, como el salto horizontal y la
velocidad.

En la Tabla 5, se exponen los resultados de las
diferentes variables teniendo en cuenta el nivel de
estudios de los padres. Los nifios de padres con
estudios universitarios presentaron menor IMC,
mejor estado nutricional y mayor salto horizontal.

TaBLA 3. Edad, variables antropométricas, estado nutricional, nivel de actividad fisica, tiempo de uso de pantallas y condicion
fisica por sexos

Nifio Nifia p-valor
Media (DT) Media (DT)

n= 643 n= 644
Edad (meses) 51,13 (10,41) 50,68 (10,86) 0,493
IMC (kg/m?) 16,19.(2,17) 15,87 (2,08) 0,007
Circunferencia de cadera (cm) 55,01 (5,71) 55,46 (5,92) 0,228
Puntuacion total Krece Plus (0-10) 6,52 (2,06) 6,56(2,00) 0,716
Actividad fisica semanal (horas) 1,87 (1,63) 1,71 (1,55) 0,079
Tiempo de uso de pantallas diario (horas) 3,14 (6,64) 3,13 (6,63) 0,971
Salto horizontal (cm) 73,28 (25,83) 65,98 (25,55) < 0,001
Velocidad, 20 m (s) 6,16 (1,21) 6,55 (1,26) < 0,001
Resistencia (s) 83,04 (19,54) 85,75 (19,65) 0,016
Equilibrio (s) 8,85 (9,67) 9,30 (10,43) 0,435
Fuerza de prension manual (kg) 5,80 (2,03) 5,33 (1,99) < 0,001

DT: desviacién tipica. IMC: indice de masa corporal.

TaBLA 4. Edad, variables antropométricas, estado nutricional, nivel de actividad fisica, tiempo de uso de pantallas y condicion
fisica segiin el nivel socioecondmico de los padres

Bajo Medio Alto p-valor Prueba
Media (DT)*  Media (DT)* Media (DT)* post hoc
n=102 n= 768 n=293

Edad (meses) 50,37 (10,32)  51,21(10,65)  52,13(10,85) 0,709
IMC (kg/m?) 16,53 (2,53) 15,94 (1,99) 16,02 (2,36) 0,038 a>b*
Circunferencia de cadera (cm) 54,88 (6,86) 54,94 (5,62) 53,27 (5,81) 0,563
Puntuacion total Krece Plus (0-10) 5,91 (2,39) 6,53 (1,98) 7,21 (1,77) <0,001 a<b* a<c*™*, b<c™
Actividad fisica semanal (horas) 1,42 (1,54) 1,83 (1,60) 2,02 (1,63) 0,006 a<c™
Tiempo de uso de pantallas diario (horas) 3,29 (6,15) 3,70 (8,01) 1,85 (0,93) < 0,001 b > c***
Salto horizontal (cm) 70,32 (28,29) 72,13 (26,44) 61,50 (22,50) < 0,001 a>ct b>c*
Velocidad, 20 m (s) 6,30 (1,17) 6,26 (1,21) 6,66 (1,32) < 0,001 b < ¥
Resistencia (s) 87,02 (24,05) 84,15 (19,86) 81,99 (16,41) 0,092
Equilibrio (s) 10,16 (11,84) 9,00 (9,61) 9,59 (11,03) 0,475
Fuerza de prensiéon manual (kg) 5,69 (1,74) 5,57 (2,08) 6,33 (2,24) 0,359

DT: desviacién tipica. IMC: indice de masa corporal.* p < 0,05; ** p < 0,01; *** p < 0,001.
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El analisis de correlaciéon de Pearson no reveld
ninguna asociacion significativa entre el tiempo
de sedestacion diario de los padres y el resto de
las variables analizadas.

DISCUSION Y CONCLUSIONES

El hallazgo mads relevante de este estudio
indica que, en la poblacién estudiada, el sexo de
los nifios y el nivel socioeconémico y de estudios
de los padres afectaron a diferentes aspectos del
estado ponderal, nutricional, AF y CF de nifios
preescolares.

En relacién con el sexo, las nifias presentaron
menor prevalencia de sobrepeso y obesidad
que los ninos; sin embargo, estos manifestaron
mejor nivel de CF, y no afect6 el sexo al estado
nutricional, nivel de AF y uso de pantallas.
Ademés, no se encontr6 asociacién entre el IMC y
el nivel de AF, tiempo de uso de pantallas, estado
nutricional y, excepto con la fuerza de prensiéon
manual, el resto de las pruebas de CF.

En relacién con el estado nutricional y
tomando como referencia el baremo de Serra
et al.,' los niflos preescolares de este estudio
mostraron un nivel nutricional medio, lo que
requeria mejoras en la alimentacién y la visita al
pediatra en seis meses. Sin. embargo, los nifios
con padres de nivel socioeconémico bajo y sin
estudios presentaron un nivel nutricional muy
bajo, lo que requeria corregir urgentemente los
habitos alimentarios y la consulta con el pediatra.

En relacién con los niveles de AF, los
nifios preescolares analizados en este estudio

presentaron valores muy bajos de AF semanal,
teniendo en cuenta las recomendaciones
internacionales.'® Ademas, el tiempo de uso
diario de pantallas fue superior al tiempo semanal
de AF, lo que, unido a la alta prevalencia de
sobrepeso y obesidad en relacién con los datos
de referencia de De Onis et al.,'” expuso una
poblacién muy sensible a problemas de salud
relacionados con el sobrepeso y el sedentarismo.
En este sentido, Van Stralen et al.,'® destacaron
una asociacion positiva entre el comportamiento
sedentario, principalmente, el tiempo de uso
de pantallas, y el IMC y la circunferencia de la
cintura. Hinkley et al.,”” indicaron que la mayoria
de los ninos pequefios no participaban en las
cantidades adecuadas de AF y si en cantidades
excesivas de uso de pantallas. En relacién con
el sexo, otros autores, en consonancia con este
estudio, no encontraron diferencias entre nifios
y nifias preescolares en los niveles de AF tanto
si la evaluacion se hacia por medios objetivos
(acelerometria) como por informes parentales.”
Ademais, los nifios con sobrepeso fueron
significativamente menos activos, aunque no se
observaron diferencias significativas en las nifias.?'

Teniendo en cuenta la influencia de las
caracteristicas sociodemograficas de los padres
en las diferentes variables, los nifios con padres
de nivel socioeconémico alto presentaron mejor
estado nutricional, mayor tiempo de AF y menor
uso de pantallas. Los nifios de padres con estudios
universitarios presentaron menor IMC, mejor
estado nutricional y mayor salto horizontal. En

TasLA 5. Edad, variables antropométricas, estado nutricional, nivel de actividad fisica, tiempo de uso de pantallas y condicion

fisica segiin el nivel de estudios de los padres

Sin estudios Primarios Secundarios Universitarios  p-valor  Prueba
Media (DT)? Media (DT)® Media (DT)* Media (DT)¢ post hoc
n=26 n= 289 n= 446 n= 414

Edad (meses) 48,00 (8,72) 51,47 (10,65) 51,54 (11,07) 50,53 (10,29) 0,327

IMC (kg/m?) 16,88 (3,21) 16,28 (2,28) 15,95 (2,17) 15,86 (1,90) 0,017

Circunferencia de cadera (cm) 54,30 (5,79) 54,67 (5,48) 54,84 (6,34) 55,07 (5,22) 0,879

Puntuacién total Krece Plus (0-10) 5,92 (2,93) 6,55 (1,99) 6,66 (1,98) 6,85 (1,89) 0,042

Actividad fisica semanal (horas) 1,75 (1,64) 1,74 (1,61) 1,77 (1,54) 1,98 (1,66) 0,163

Tiempo de uso de

pantallas diario (horas) 2,75 (1,43) 2,98 (6,15) 3,11 (6,87) 3,27 (7,09) 0,939

Salto horizontal (cm) 64,41 (29,41) 65,28 (25,60) 69,75 (25,37) 71,97 (26,68) 0,009 b <d*

Velocidad, 20 m (s) 598 (1,11) 6,35 (1,30) 6,36 (1,25) 6,37 (1,20) 0,495

Resistencia (s) 90,88 (23,96) 83,04 (18,20) 83,69 (19,75) 84,19 (19,73) 0,281

Equilibrio (s) 11,69 (10,49) 10,07 (11,36) 9,36 (10,30) 8,72 (9,68) 0,255

Fuerza de prensiéon manual (kg) 5,90 (1,55) 5,44 (2,07) 5,62 (1,93) 5,59 (2,13) 0,707

DT: desviacién tipica. IMC: indice de masa corporal. ** p < 0,01.
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este sentido, Sotos et al.,”> destacaron que tanto
el nivel educacional como el socioeconémico
influian en el estado nutricional infantil.

Ademads, en este estudio, el nivel de
sedentarismo de los padres no se asoci6 con
ninguna variable analizada. Sin embargo, Hinkley
et al.,” senalaron que los nifios con padres activos
tendian a ser mas activos. Del mismo modo,
Hesketh et al.,* indicaron que los niveles de AF
diaria de la madre se asociaban con todas las
intensidades de AF de los nifios preescolares.

Por tanto, la AF es uno de los factores
que influyen en el sano desarrollo de los
nifos, pero la mayoria de los nifios en edad
preescolar tienden a ser inactivos.” O’'Dwyer
et al.,?® sugirieron que la escuela representaba
un entorno propicio para el sedentarismo.
En Espafia, sucede la misma circunstancia
que sefialan otros autores” en relacion con la
AF en los colegios; asi, aunque las escuelas
pueden ofrecer oportunidades tinicas para la
AF estructurada, hay una tendencia a recortar
las clases de Educacién Fisica, debido a las
presiones crecientes para mejorar los resultados
académicos. Summerbell et al.,?® recomendaron
una serie de orientaciones para intervenir en el
ambito de la AF en nifios preescolares, como
fomentar el transporte activo para distancias
cortas, visitar los lugares donde los nifios pueden
ser activos, desalentar la provision de pantallas
en el dormitorio, fomentar la participacién no
competitiva en la AF, mejorar todas las dreas
de juego infantiles, dotar de ropa cémoda,
proporcionar juegos durante las pausas de las
clases, alentar a los nifios a ser activos y disminuir
el tiempo de sedentarismo total en el aula.

Una de las limitaciones de este estudio es su
caracter transversal, lo que obliga a ser cautos en
los resultados obtenidos y no permite realizar
inferencias causales observadas. Otra es no haber
considerado otros factores que pueden influir en
las variables analizadas, por ejemplo, aspectos del
entorno social y fisico, tales como las instalaciones
deportivas, la planificacién urbana, los sistemas
de transporte, parques y senderos, etc.

Sin embargo, una fortaleza de esta
investigacion es haber contado con una muestra
amplia de sujetos y el registro de variables que
escasamente se han abordado en estudios de esta
naturaleza, como la CF.

Desde un punto de vista de aplicacién practica,
intervenciones para mejorar el nivel de AF en
nifios preescolares, tanto en el colegio como fuera
de este, son esenciales, todo ello acompafiado con

medidas de educacién nutricional a los padres
con menos recursos econémicos y con escasa
formacién académica.

En conclusién, los nifios preescolares de
este estudio presentaron valores elevados de
sobrepeso y obesidad y bajo nivel de AF, teniendo
en cuenta las referencias internacionales. Las
nifias mostraron una CF inferior a la de los nifios.
Por tltimo, los nifios cuyos padres tenian un nivel
socioeconémico bajo y sin estudios mostraron un
nivel nutricional precario. B
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Abstract Background: There is an important connection between body growth, physical fitness and cognition. The association
between physical fitness and cognitive function has been investigated in some studies, but little is known about the relation-
ship between physical and motor performance and intellectual maturity in preschool children. The aim of this study was
therefore to analyze the association between intellectual maturity and physical and motor fitness in preschool children.
Methods: A total of 1012 children aged 3—6 years participated voluntarily. A fitness test battery and the Goodenough—
Harris drawing test (GHDT) were used.

Results: Boys did better in the standing broad jump and 20 m sprint (P < 0.001), and girls had a better crude GHDT score
(P =0.001). With regard to age group, there were significant differences (P < 0.01) between all groups in all fitness test var-
iables and GHDT. Moreover, a significant correlation was found between crude GHDT score and the fitness test variables.
Conclusions: From an early age, physical-motor performance and intellectual maturity are linked. Fitness condition is able
to predict intellectual maturity. Increasing the amount of time devoted to physical education can promote cognitive benefits

in preschool children.

Key words children, cognitive, performance, physical fitness.

The importance of physical activity for health is well known and
research has noted both physical and psychological benefits when
children participate in physical activity.' In recent years, interest
has grown in the benefits of physical activity for academic and cog-
nitive performance.®* There is an important connection between
body growth, physical fitness™ and cognition.” Fundamental
motor skills affect children’s physical, social, and cognitive
development,8 and there is a close association between motor
development and cognitive development that takes place in the
cerebellum and prefrontal cortex.” Cardiorespiratory fitness in
childhood is related to cognition and differences in regional brain
structure and function.'™'! Cardiorespiratory fitness and motor
skills play an important role in cognitive development during child-
hood and young adulthood."*'* The children who are physically fit
have greater cortical activation and corresponding cognitive perfor-
mance than less fit children.'* Accordingly, in a recent review,
Chang et al. showed that fitness was a significant moderator in
the association between physical activity and cognitive perfor-
mance."” In the same way, Chaddock-Heyman et al. noted a rela-
tionship between cardiorespiratory fitness and white matter
microstructure during childhood.'®

The physical fitness assessment of preschool children should be
an essential for the control and monitoring of the quality of life
related to health of this population, with all its health implications.
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Itis also an important way to track healthy growth that other studies
have associated with parallel cognitive development.'*

When analyzing the drawings of young children, insights can be
gained as to the social, emotional, physical, and intellectual devel-
opment.'” The progression of drawings that children make over a
period of time can show a child’s developmental level.'®'? In
several investigations children’s drawing were used to analyze
cognitive, motor, and intellectual development.z(F23 Lowenfeld
and Brittain emphasized the importance of children’s drawings
for studying child development in a research setting.'® Children
3-6 years go through two basic periods: period 1, doodle (18
months—4 years), a period characterized by reduced synthetic
capacity and attention, thus, the drawing is done without intention;
and period 2, pre-schematic phase (4—7 years), which is more real-
istic and shows the presence of the human figure.

The association between physical fitness and cognitive function
has been investigated in some studies, but little is known about the
relationship between physical and motor performance and maturity
intellectual in preschool children. Taking the aforementioned
information into account, the aim of this study was to analyze the
association between intellectual maturity and physical and motor
fitness in preschool children.

Methods
Participants

A total of 1012 children, aged 3—6 years, voluntarily participated in
this study; 502 children were male (age, 57.05 = 10.61 months;
body mass index [BMI], 16.41 +2.16 kg/mz), and 510 were female
(age, 57.32 + 16.67 months; BMI, 16.14 + 2.18 kg/m?). The
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children were selected from 15 schools in southern Spain. Inclusion
criteria included schooling in early childhood and being free from
physical and intellectual disabilities. Parents voluntarily signed an
informed consent form for the participation of their children in this
study. The study was completed in accordance with the norms of
The Declaration of Helsinki (2013 version) and following the
directives of the European Union on Good Clinical Practice (111/
3976/88 July 1990), as specified in the Spanish legal framework
for human clinical research (Royal Decree 561/1993 on clinical
essays). The study was approved by the Ethics Committee of the
University of Jaen (Jaen, Spain).

Materials and testing

Physical and motor performance

The fitness test battery by Latorre et al.** was used in the current

study. All selected tests for the fitness test battery have been used
in previous studies*>>° and test basic components of physical con-
dition and motor development, such as endurance, strength, speed,
reaction time (RT), and balance. The test battery is designed to
reduce the cognitive component of the tests and to more easily
sustain children’s motivation to participate. This fitness test battery
showed a proper reliability and, thereby, it is a good tool to deter-
mine the physical fitness of children aged 3-6 years.

Cardiorespiratory endurance was assessed using the 10 x 20 m
test, inspired by the spatial structure of the Léger et al. test,*® and
based on the guidelines of the Spanish Athletics Federation
(RFEA) for participants at this age. The rules of the test are very
simple. Materials required include a tape measure to mark the
distance of the runway (20 m), two boxes, five balloons, and a stop-
watch. It is a 20 m shuttle test, in which participants move five
balloons from one box (A, located at one end of the runway) to
the other box (B, located at the other end). The total distance
covered is 200 m, and timing starts from the signal “Go” and ends
when the participant drops the last balloon into the box. It does not
matter if the balloon does not enter the box. If the balloon is
dropped at any time, the participants must pick it up and carry on
moving. Supervisors should indicate to the participants that the bal-
loon must be caught with both hands. The test allows running and
walking. Only one attempt is allowed. The result is recorded in sec-
onds, to one decimal place. The test score is the time recorded, with
a longer time indicating poorer performance.

To measure RT, the ruler drop test (RDT)28 was used to
gauge eye—hand coordination. A ruler 50-60 cm long was used.
The RDT was repeated three times with each hand. The final
score was the average score of each hand. The average of each
hand and the average of both hands were used for the subsequent
statistical analysis. The test score was the distance that the ruler
dropped before being caught, with a shorter distance indicating
better performance.

In the balance assessment, the Johnson and Nelson test>! was
used. Two attempts were made with both legs and the best result
(s) was accepted; the test score was the average result of both legs.
The test score was the run time, with longer time indicating better
performance.

© 2015 Japan Pediatric Society

To measure explosive lower body strength, the standing broad
jump?? was used. The test was performed twice and the best score
was recorded in centimeters. The test score was the distance
reached, with shorter distance indicating poorer performance.

The sprint test was performed using a distance of 20 m on a flat,
hard, non-slip surface.”” Two attempts were made for the test and
the best time was recorded in seconds. The test score was the run-
ning time, with longer time indicating poorer performance.

Intellectual maturity

For the assessment of intellectual maturity, we used the
Goodenough—Harris drawing test (GHDT), developed by
Goodenough and revised by Harris.>* The assessment focuses on
details and the general body proportion of a drawn figure of a
man (73 details) and a woman (71 details). The GHDT was
designed to assess both children and adolescents up to 15 years
of age. In the GHDT, children are asked to make three drawings:
one of a man, one of a woman, and a self-portrait. Harris developed
scoring systems only for the drawings of the man and woman. The
GHDT, as it was used in this study, has good reliability and
validity compared with other tests of intelligence in children
aged 3-15.%* We used the average crude score of the two
drawings.

Procedure

After obtaining the appropriate permits in schools and informed
parental consent, the test battery was carried out. In three separate
sessions, a team of previously trained researchers performed the
evaluation. The drawing test, GHDT, was assessed during the first
testing session. In the second session, RDT, horizontal jump test
and balance test were performed. Two days later, during the third
testing session, the 20 m sprint and 10 x 20 m tests were performed.
Prior to the testing sessions, children performed a typical warm-up
consisting of 5 min of low-intensity running and 5 min of general
exercise (i.e. skipping, leg lifts, lateral running, and front to behind
arm rotations). The children also performed some familiarization
trials for RT, the balance assessment, and the horizontal jump. Each
child was individually assessed. The research team conducted a
demonstration. Seven days later, a retest was performed; altogether,
92 children were assessed with the same protocol. The children
were motivated and encouraged to reach the best score possible
in every test.

Statistical analysis

Data were analyzed using SPSS, v.19.0 for Windows (SPSS,
Chicago, IL, USA) and the significance level was set at P < 0.05.
The data are given as mean + SD. Reliability of the test battery
was analyzed using intraclass correlation coefficients (ICC). Differ-
ences between sexes and age groups were analyzed using analysis
of covariance (ANCOVA). The data for the ANCOVA analyses
were adjusted for age, sex and BMI. A cluster k-means analysis
was performed according to the physical and motor performance.
Pearson correlation analysis was performed between the different
physical fitness tests for crude GHDT score, age and BMI. Finally,
multiple linear regression analysis between crude GHDT score and
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Table 1 Test results vs sex and age

Standing broad jump (cm)
20 m sprint test (s)

10 x 20 m (s)

Balance (s)

Crude GHDT score (0-73)

Age (months)
BMI (kg/m?)
RDT (cm)
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physical and motor test variables was performed: age, sex and
parental education were forced into the linear regression models
and the measures of physical and motor performance were entered
stepwise into the models.

Results

Intraclass correlation coefficients were as follows: 10 x 20 m test,
ICC, 0.969 (95%CTI: 0.953-0.979); RDT, ICC, 0.744 (95%ClI,
0.836-0.602); balance test, ICC, 0.995 (95%CI: 0.997-0.992);
horizontal jump test, ICC, 0.913 (95%CI: 0.943-0.866); finally,
20 m sprint test, ICC, 0.942 (95%CI: 0.962-0.911).

Table 1 lists BMI, fitness test battery results, and GHDT score
according to sex and age. Boys did better in the standing broad
jump and 20 m sprint tests (P < 0.001); nevertheless, girls had
better crude GHDT score (P = 0.001). With regard to age, there
were significant differences between all groups on all fitness test
variables and for the GHDT (P < 0.01). Figure 1 shows the draw-
ings by a, 3-year-old girl and 6-year-old girl, and crude GHDT
score. Figure 2 shows the associations of measures of physical
and motor performance with GHDT score in physical and motor
performance groups 3—6 years; the lower performance subgroup
had lower GHDT score in all physical and motor tests 3—6 years.

Pearson correlation analysis between age, BMI, crude GHDT
score and fitness test variables was performed (Table 2). There
was significant correlation between crude GHDT score and fitness
test variables. Table 3 lists the linear regression between crude
GHDT score and fitness test variables adjusted for age and sex.

Discussion

The main finding is that intellectual maturity in preschool children
is associated with physical fitness; also, intellectual maturity

(@) e ) 772\

Fig. 1 Drawing by (a) a 3-year-old girl (crude Goodenough—Harris
drawing test score = 4) and (b) a 6-year-old girl (crude Goodenough—
Harris drawing test score = 39).

© 2015 Japan Pediatric Society
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Fig.2 Goodenough—Harris drawing test (GHDT) score vs (a) standing broad jump (P = 0.012), (b) 20 m sprint test (P < 0.001), (c) 10 x 20 m test
(P =0.001), (d) balance test (P = 0.003), and (e) ruler drop test (P < 0.001) according to age and performance (— high; -, low).

Table 2 Pearson correlation analysis

A B C D E F G H
Crude GHDT score (A) 1 0.378" 0.012 0316 -0372" —-0.348" 0.305" —0.206 "
Age (B) 1 0.054 0.526" —0.517" —04217 0.355" —0.074"
BMI (C) 1 0.012 —0.030 0.027 —0.059 —0.011
Standing broad jump (D) 1 —0472" 0307 0.280" —0.104""
20 m sprint test (E) 1 0.478" —0.278" 0.144"
10 % 20 m (F) 1 —0.327" 0.147""
Balance (G) 1 —0.095"
RDT (H) 1

“P < 0.05;""P < 0.01. BMI, body mass index; GHDT, Goodenough—Harris drawing test; RDT, ruler drop test.

evolves with growth, as does physical fitness. The children with and experimental practice. This fitness test battery showed a proper
lower performance in the test battery had lower GHDT score. reliability and, thereby, it is a good tool to determine the physical
These results have important implications for clinical, educational, fitness of children aged 3-6 years.

© 2015 Japan Pediatric Society
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Table 3 Multiple linear regression analysis: Crude GHDT score and physical fitness test variables

t P-value 95%Cl for B
B Lower limit Higher limit
Constant 17.825 6.626 <0.001 12.545 23.104
20 m sprint test —1.134 —4.532 <0.001 —1.625 —0.643
Balance 0.117 3.962 <0.001 0.059 0.175
RDT —0.090 —4.370 <0.001 —0.131 —0.050
10 x 20 m —0.037 —2.846 0.005 —0.062 —0.011
Standing broad jump 0.023 2.333 0.020 0.004 0.042
R’=0.286

Several studies have indicated an association between cognitive
and motor development in children aged 5-11 years.35 =0 It is diffi-
cult to establish the nature of this relationship; it may be direct or it
may be affected by some factor, such as parental influence.
Wassenberg et al. noted the parallel development of specific cogni-
tive and motor performance in children during normal or delayed
development: specific brain structures, such as the basal ganglia
or frontal cortex, and dopamine transmission are involved in both
cognitive and motor performance.®® In a recent study, children
and youth with intellectual disabilities were found to have poor
physical fitness compared with typically developing children.’
Niederer et al. found that higher baseline cardiorespiratory fitness
and motor skills corresponded to better spatial working memory
or attention in preschool children.’® Likewise, Krombholz noted
positively significant correlations between measures of physical
growth and physical performance and between motor and cognitive
performance, physical fitness, body coordination, and manual dex-
terity, in preschool children, which improved with age group.**
Moreover, significant sex differences were found; boys scored
highest on some measures and girls on others.***°

In the present study, no significant differences were found be-
tween boys and girls in BMI. Similar results were obtained by
Tomporowski et al. 14 Moreover, BMI did not correlate with GHDT
or the fitness test. In contrast, boys consistently scored higher than
girls on the standing broad jump and 20 m sprint test. Likewise,
Kondric et al. found better scores for preschool boys on the stand-
ing broad jump relative to preschool girls.*' Burgi e al. did not find
significant differences between preschools boys and girls in BMI,
or cardiorespiratory fitness or balance tests.*?

Opportunities to be physically active at school are limited be-
cause of pressure to perform well scholastically.43 Exercise training
programs may prove to be important methods of enhancing aspects
of children’s mental functioning that are central to cognitive and
social development.14 In this sense, the literature suggests that aca-
demic achievement, physical fitness, and health of children will not
be improved by limiting the time allocated to physical exercise and
physical activity.44 Chaddock et al. showed the importance of
physical activity and cardiorespiratory fitness for maximizing brain
health and cognitive function during development.'”

A limitation of the present study is its cross-sectional design,
therefore caution must be exercised when interpreting the observed
associations. More studies are needed to provide adequate evidence
of causality. The strengths of the study, however, include the
relatively large sample of children analyzed across the first 3 school
years.

In conclusion, from an early age, physical fitness and intellec-
tual maturity are linked. The present study helps to highlight the
association between cognitive and physical functioning in
preschool children, as well as facilitate a better understanding of
the association between mental maturity and physical fitness in pre-
school children.

Implications for school health

There is a very important connection between body growth, phys-
ical fitness and cognition. Increasing the amount of time devoted to
physical education can promote cognitive benefits and improve the
health of preschool children.
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Effects of a physical activity programme in the school setting on physical fitness and
intellectual maturity in preschool children

Abstract

Aim: The purpose of this study was to examine the effects of a 10-week aerobic games
programme on physical fitness and intellectual maturity in preschool children. Methods: A
total of 111 children, aged 3 to 6 years, participated in this study; 60 children were male
(age: 4.28+ 0.61 years old), and 51 were female (age 4.59 + 0.49 years old). Participants
were randomly assigned to an experimental group (EG, n = 56) and a control group (CG, n
= 55). The fitness test battery of Latorre, Mora, Fernandez, Salas, and Moriana (2015) and
the Goodenough—Harris drawing test were used. The children in the EG performed three
weekly training sessions of physical activity in a classroom during a 10-week period. Every
EG session lasted about 30 min. Results: There were no significant differences in any
variable in the pretest between groups. In the posttest, the EG achieved better results in
horizontal jump and sprint. In relation to posttest—pretest differences, the EG showed a
greater increase in horizontal jump, sprint, endurance, and intellectual maturity.
Importantly, a significant correlation was found between A intellectual maturity and A body
height (r=0.297, p<0.05), Abalance (r=0.238, p<0.05), and Asprint (r=-0.275, p<0.01).
Conclusion: An aerobic games programme in the school setting improved physical fitness
and intellectual maturity in preschool children.

Key words: fitness, cognitive, performance, preschoolers, physical activity.

Introduction

The worldwide prevalence of childhood overweight and obesity increased from 4.2% in
1990 to 6.7% in 2010, and this trend is expected to reach 9.1% in 2020, this is a likely
consequence of a change in nutrition and physical activity (PA) patterns over time(de Onis,
Blossner, & Borghi, 2010). Alarming trends in childhood obesity even among preschool
children show the importance of PA in this population(Timmons, Naylor, & Pfeiffer,
2007). In this regard, overweight and obesity in preschoolers are associated with greater
intake of sugar-sweetened beverages, watching more television, having a television in the
child's bedroom, getting inadequate sleep, and low rates of PA (especially higher-intensity
activities) (Kuhl, Clifford, & Stark, 2012). Higher levels of habitual PA are preventive
against child and adolescent obesity (Jiménez-Pavon, Kelly, & Reilly, 2010).

Early childhood is a critical time for promoting PA (M V O’Dwyer et al., 2013).The
importance of PA for health is well known, and research has noted both physical and
psychological benefits when children participate in PA (Ahn & Fedewa, 2011; Janssen &
Leblanc, 2010). Birgi et al. (2011) indicate that in preschool children, the level of PA is
associated with improvements in heart abilities and aerobic capacity, which are
determinants of cardiovascular risk. Furthermore, children who are physically fit exhibit
greater cortical activation and corresponding cognitive performance than less fit children
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(Tomporowski, Davis, Miller, & Naglieri, 2008). Accordingly, in a recent review, Chang,
Labban, Gapin, & Etnier (2012) showed that fitness is a significant moderator in the
association between PA and cognitive performance.

Preschoolers should accumulate at least 60 minutes of structured physical activity each day
(National Association for Sport and Physical Education, 2009); however, O’Dwyer et al.,
(2014) suggest that school accounted for an environment that promoted a sedentary
lifestyle. In this regard,Barbosa, Coledam, Stabelini Neto, Elias, & de Oliveira (2016)
showed that children attending preschool spend most of the day in sedentary behaviour. PA
is one of the factors that have an impact on the healthy development of children, but most
preschoolers tend to have a sedentary lifestyle (Dolinsky, Brouwer, Evenson, Siega-Riz, &
@stbye, 2011). Several studies have shown that the PA of preschool children is moderately
low (Grzywacz et al., 2014; Tucker, 2008). Additionally, opportunities to be physically
active at school are limited by pressure from scholastic performance (Mahar et al., 2006);
accordingly, little time for PA is incorporated into preschool classrooms (Latorre, 2007).
Accordingly, the increased prevalence of obesity, physical inactivity, low physical fitness,
and symptoms of metabolic and cardiovascular diseases during childhood and adolescence
highlight the need to consider PA and physical fitness in the development of an
International Growth Standard for Preadolescent and Adolescent Children (Malina &
Katzmarzyk, 2006). Increasing the amount of time devoted to physical education can
improve the physical fitness and health of preschool children. Because most PA in
preschoolers is gross motor play, the term ‘play’ should be used to encourage movement in
preschoolers (Burdette & Whitaker, 2005).

Despite the fact that a sedentary lifestyle at this age is quite common (De Bock, Genser,
Raat, Fischer, & Renz-Polster, 2013), few studies have analysed the effects of PA
programmes in children aged 3 to 6 years old. In addition, despite the assumption that PA
during early childhood is beneficial, there is very little research to support the hypothesis
that increasing the level of PA in preschoolers will significantly improve their health.
However, as little as an additional 60 min/week of exercise may improve bone properties,
aerobic fitness, and motor skills in some children, and so more research with larger sample
sizes is required to confirm these findings. In particular, there is a need for more evidence
about the nature and amount of PA that benefits psychological and cognitive outcomes
(Timmons et al., 2007). Therefore, the purpose of this study was to examine the effects of a
10-week physical activity programme on physical fitness and intellectual maturity in
preschool children.

Methods
Participants

A total of 111 children, aged 3 to 6 years, participated in this study; 60 children were male
(age: 4.28+ 0.61 years old), and 51 were female (age 4.59 + 0.49 years old). The children
were selected from five schools in southern Spain. Inclusion criteria were schooling in early
childhood and being free from physical and intellectual disabilities. Parents voluntarily
signed an informed consent form for the participation of their children in this study.
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Participants were randomly assigned to an experimental group (EG, n = 56) and a control
group (CG, n = 55). The study was completed in accordance with the norms of the
Declaration of Helsinki (2013 version) and following the directives of the European Union
on Good Clinical Practice (111/3976/88 of July 1990), as specified in the Spanish legal
framework for human clinical research (Royal Decree 561/1993 on clinical essays). The
study was approved by the Ethics Committee of the University of Jaen (Jaen, Spain).

Materials and testing

Height (cm) was measured with a stadiometer (Seca 222, Hamburg, Germany) and weight
with a bascule (Seca 899, Hamburg, Germany). Body mass index (BMI) was calculated by
dividing weight (in kilograms) by height® (in metres). The 85th and 95th percentiles of the
study by Sobradillo et al. (2004) were considered in classifying children as overweight or
obese, respectively, in relation to BMI. Waist circumference was measured by using a Seca
Ergonomic Circumference Measuring Tape SE201 (Seca, Germany).

The fitness test battery of Latorre, Mora, Fernandez, Salas, and Moriana (2015) was used in
the current study, which is focused on testing basic components of physical condition and
motor development, such as endurance (10x20 metres[m]), strength (standing long jump),
speed (20 m), and balance (flamingo). Latorre et al. (2015) showed test—retest reliability, by
intra-class correlation coefficient, between 0.774 and 0.995. In the 10x20 m and sprint test,
the test score was the running time, so a longer time indicates poorer performance. In the
balance test, the test score was the runtime, so a longer time indicates greater performance.
In the standing long jump, the test score was the distance reached, with a greater distance
indicating greater performance.

For the assessment of intellectual maturity, we used the Goodenough—Harris drawing test
(GHDT), developed by Goodenough and revised by Harris (1963). The assessment focuses
on details and the general body proportion of a drawn figure of a man (73 details) and a
woman (71 details). The GHDT was designed to assess both children and adolescents up to
15 years of age. In the GHDT, children are asked to make three drawings: one of a man,
one of a woman, and a self-portrait. Harris developed scoring systems only for the drawings
of the man and woman. The GHDT, as it was used in this study, showed good reliability
and validity compared to other tests of intelligence in children aged 3 to 15(Abell, von
Briesen, & Watz, 1996; Plubrukarn & Theeramanoparp, 2003). We used the average crude
score of the two drawings.

Procedure

After obtaining the appropriate permits in schools and informed parental consents, we
applied the test battery, which was performed in the same way in the pretest and posttest. In
three separate sessions, a team of previously trained researchers performed the evaluation.
The drawing test, the GHDT, was assessed during the first testing session. In the second
session, the horizontal jumping test and the balance test were performed. Two days later,
during the third testing session, the 20 m sprint and 10x20 m tests were performed. Prior to
the physical testing sessions, the children performed a typical warm-up consisting of 5 min



of low-intensity running and 5 min of general exercise (i.e., skipping, leg lifts, lateral
running, and front-to-behind arm rotations). The children also performed some
familiarisation trials for the balance test and the horizontal jump. Each child was assessed
individually. The research team conducted a demonstration. The children were motivated
and encouraged to reach the best score possible in every test.

Training programme

The programme was based on the execution of play exercise or gross locomotor movement.
In the programme design, we took into account the recommendations of Timmons et al.,
(2007). The function of aerobic games is for physical development: strength, endurance,
and motor skill. Furthermore, according to evidence from older children and adults
(Timmons et al., 2007), this programme may also bring cognitive benefits. The children in
the EG performed three weekly training sessions (Monday, Wednesday, and Friday) in a
classroom during a 10-week period. Every EG session lasted about 30 min. Participants in
the EG performed exercises that consisted of aerobic games. The progression order of
exercises in the EG is reported in Table 1. One teacher per school conducted the training
programmes.

Table 1. Progression of aerobic games programmes

Weeks Fieldarea  Methodology Duration Total

(1-10) (mx m) (sets x min) of AG
recovery  duration
interbouts  (min)

(min)
1-2 20x40 5x3 1 19
34 20x40 4x4 1 19
5-6 20x40 3X6 2 22
7-8 20x40 3X6 2 22
9-10 20x40 2X9 3 21

Statistical Analysis

Data were analysed using SPSS v.19.0 for Windows (SPSS Inc., Chicago, USA), and the
significance level was set at p<0.05. The data are shown in descriptive statistics for mean
and standard deviation (SD). Tests of normal distribution and homogeneity (Kolmogorov—
Smirnov and Levene’s, respectively) were conducted on all data before analysis.
Differences between groups were analysed using analysis of variance (ANOVA) on pretest,
posttest, and posttest—pretest. A Pearson’s correlation result between the increases
(difference post-pretest training) was used. Finally, multiple linear regression analyses
between crude score of intellectual maturity and physical fitness adjusted to age and sex
were used.



Results

Table 2 shows the age, time watching screens, PA, and percentage of boys and girls in both
the CG and EG. There were no significant differences in any variable. Differences between
the CG and EG in relation to pretest, posttest, and posttest—pretest measures are shown in
Table 3. There were no significant differences in any variable in the pretest between the
groups. In the posttest, the EG achieved better results in horizontal jump and sprint. In
relation to posttest—pretest differences, the EG showed a larger increase in horizontal jump,
sprint, endurance, and intellectual maturity. A Pearson correlation between posttest—pretest
measures is shown in Table 4. Importantly, a significant correlation was found between A
intellectual maturity and A body height (r=0.297, p<0.05), Abalance (r=0.238, p<0.05), and
Asprint (r=-0.275, p<0.01). Finally, Table 5 depicts multiple linear regression analyses
between intellectual maturity with balance and sprint adjusted for age and sex.

Table 2. Age, time watching screens, physical activity, and percentage of boys and girls in
both the CG and EG

CG EG p-value
Mean (SD) Mean (SD)
n=55 n=56
Age (years) 4.42 (0.53) 4.43 (0.62) 0.925
Time watching screens (h/day) 1.78 (0.86) 1.84 (0.81) 0.715
Physical activity (h/week) 2.17 (1.69) 2.05 (1.56) 0.720
Boys/qgirls (%) 58.2/41.8 50/50 0.387




Table 3. Anthropometric characteristics, physical fitness, and intellectual maturity in the pretest, posttest, and posttest—pretest in the

CG and EG.

CG EG p-value CG EG p-value CG EG p-value

Pretest Pretest Posttest Posttest Posttest— Posttest—

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Pretest (A) Pretest (A)

Mean (SD) Mean (SD)

Body mass (kg) 20.47 (3.44) 20.36 (4.26) 0.878 21.50(3.68) 21.19(4.22) 0.711 0.87 (1.47) 0.65 (1.44) 0.473
Body height (m) 111.47 (5.43) 111.24(7.30) 0.873 114.63 (5.85) 115.15(6.23) 0.692 2.47 (1.26) 3.09 (1.93) 0.124
BMI (kg/m?) 17.02 (2.81) 16.30(2.50) 0.206 16.36 (1.72) 15.63(1.83) 0.060 -0.07 (0.93)  -0.13(2.72)  0.890
Waist circumference 55.88 (4.13) 55.41(4.90) 0.619 56.03 (5.98) 56.16 (5.14) 0.909 0.16 (3.87) 0.71 (2.90) 0.432
(cm)
Balance (s) 14.07 (13.52) 14.05(12.87) 0.995 17.20 (12.12) 14.63(11.13) 0.253 3.23(12.77) 1.62(12.85) 0.524
Horizontal jump (cm) 67.01 (17.40) 64.56 (17.06) 0.457 73.15(17.67) 80.64 (18.89) 0.034 9.42 (12.37)  17.20 (14.36) 0.004
Sprint (s) 5.95 (0.83) 6.02 (0.92) 0.697 6.09 (0.98) 5.53 (0.64) 0.001 0.24 (1.19) -0.48 (0.76)  <0.001
Endurance (s) 7453 (8.57) 77.05(9.39) 0.143 70.94 (12.71) 68.65 (10.46) 0.304 -3.58 (12.01) -8.56 (7.35)  0.010
Intellectual maturity (0— 12.80(2.24) 11.91(3.13) 0.094 15.21 (2.06) 15.56(3.18) 0.500 2.41(2.32) 3.65(1.92) 0.003
73)

SD: Standar deviation. BMI: Body mass index.



Figure 1. Drawing of a woman by a 5-year-old girl (control group). Left = pretest (intellectual maturity = 14); right = posttest
(intellectual maturity = 15).



Figure 2. Drawing of a woman by a 5-year-old girl (experimental group). Left = pretest (intellectual maturity = 14); right = posttest
(intellectual maturity = 18).



Table 3. Pearson correlation between posttest—pretest measures

A B C D E F G H I
A body mass (A) 1 0.565 0.3827 0.320" 0.307" -0.027 -0.166 0.150 0.038
A body height (B) 1 0.123 0.152 0.201 0.135 -0.202 -0.054 0.297
A BMI (C) 1 0.144 0.164 0.009 -0.018 0.040 -0.100
A waist circumference (D) 1 0.206 0.059 -0.149 0.165 0.011
A balance (E) 1 0.064 -0.041 0.010 0.238"
A horizontal jump (F) 1 -0.157 0.196" -0.081
A sprint (G) 1 -0.030 -0.275"
A endurance (H) 1 -0.104
A intellectual maturity (1) 1

*p<0.05, **p<0.01. BMI. Body mass index.



Table 4. Multiple linear regression analyses between intellectual maturity, balance and
sprint adjusted for age and sex

B t p-value 95% confidence interval

toB
Lower Higher
limit limit

Constant 2.687 9.620 <0.001 2.128 3.247

A balance 0.056 2.925 0.005 0.018 0.095

A sprint -0.447 -2.133 0.037 -0.866 -0.027

R 0.200

Discussion

The purpose of this study was to examine the effects of a 10-week physical activity
programme on physical fitness and intellectual maturity in preschool children. The main
finding of this study was that this intervention caused higher improvements in physical
fitness and intellectual maturity in the EG in relation to the CG. These data indicate that
preschool children exhibit considerable trainability. Furthermore, in this study correlations
were found between intellectual maturity and body height, balance, and sprint.
Concurrently, balance and sprint are predictors of intellectual maturity. Previous studies on
PA interventions in preschools have reported limited effectiveness(De Bock et al., 2013).
However, Trost (2011) showed that training teachers to incorporate movement into the
standard classroom curriculum appears to be effective in increasing PA levels during the
preschool day. In this regard, Eliakim, Nemet, Balakirski, & Epstein (2007) showed that a
14-week combined dietary—behavioural-PA in a school-based intervention improved the
endurance time in preschoolers. In another study, a multidimensional intervention based on
PA programme lessons, nutrition, media use, and sleep and adaptation to the built
environment of the preschool class increased aerobic fitness in preschool children (Puder et
al., 2011). In this study, the aerobic fitness improvement was 11%, a result similar to the
study of Puder et al., (2011). As noted by Ortega, Ruiz, Castillo, & Sjostrom (2008), fitness
level is a potent biomarker of health from an early age; therefore, improvements of physical
fitness through aerobic games could have an impact on the health and suitable growth of
preschool children.

This intervention caused no changes in BMI. In this regard, Metcalf, Henley, & Wilkin
(2012) noted that PA interventions have little effect on the prevention of childhood obesity.
Moreover, Reilly et al., (2006) showed that a PA programme in a nursery (three 30-min
sessions a week over 24 weeks) did not reduce BMI in preschoolers. Along the same lines,
Latorre et al., (2016) argued that the relationship between physical fitness and BMI is
inconsistent in preschool children. Conversely, overweight children (ages 43 to 84 months)
show lower performance in gross motor skills in relation to healthy-weight children
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(Krombholz, 2013). In addition, Eliakim et al., (2007) showed a reduction in BMI after an
intervention of 14 weeks combined with dietary—behavioural-PA. However, Puder et al.
(2011) showed that a multidimensional intervention reduced body fat but not BMI.
Therefore, the presence of conflicting results regarding the relationship between weight
status and PA in preschool children requires further studies to address this issue. Other
intervention programmes with different parameters of intensity, frequency, and duration of
sessions should check the effect of PA programmes on overweight and obesity.

In relation to intellectual maturity, Latorre et al., (2016) showed that from an early age,
physical fitness and intellectual maturity are linked; accordingly, fitness status is able to
predict intellectual maturity. Our findings add to this research. In this study, balance and
sprint are linked to intellectual maturity. Wassenberg et al., (2005) showed the parallel
development of specific cognitive and motor performance in children during normal or
delayed development: specific brain structures, such as the basal ganglia and frontal cortex,
and dopamine transmission are mutual to both cognitive and motor performance. Increasing
the amount of time devoted to physical education can promote health and cognitive benefits
in preschool children (Latorre et al., 2016).

Opportunities to be physically active in school are limited because of pressure to perform
well scholastically (Mahar et al., 2006). Therefore, the academic achievement, physical
fitness, and health of children will not be improved by limiting the time allocated to
physical exercise and PA (Trudeau & Shephard, 2008). In this regard, more time allocated
to structured PA, including play at moderate to high intensity, seems needed for preschool
children (Cardon, Labarque, Smits, & Bourdeaudhuij, 2009). Summerbell et al.,
(2012)recommend promoting non-competitive PA in school, offering games during school
breaks, encouraging children to be active, and reducing overall classroom sedentary time.
Improvement of the motor proficiency of preschool children has the potential to influence
PA beyond the preschool years (Lopes, Rodrigues, Maia, & Malina, 2011). Therefore,
aerobic games programmes as performed in this study are important for promoting PA in
preschoolers.

A limitation of this study is that we could not record the intensity of the sessions. In
conclusion, a physical activity programme in the school setting improved physical fitness
and intellectual maturity in preschool children. In addition, physical fitness and intellectual
maturity are linked in this age period.

Key messages

e A physical activity programme in the school setting improved physical fitness and
intellectual maturity in preschool children.
e In preschoolers, there is a parallel development of physical condition and

intellectual maturity.
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e Promoting physical activity in preschool children is of considerable importance
from a health perspective.
e The involvement of those working in health care, education, and politics is

important to promoting physical activity in preschoolers.
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