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RESUMEN

Los beneficios de la realizacion de actividadescdss y deportivas son
fundamentales para garantizar una buena la satugoieello que los niveles y patrones
de actividad fisica han sido analizados, siendztdpa escolar un periodo fundamental
para la prevencion de enfermedades y mejora dalud.sDe esta manera, el estudio y
analisis de los niveles de actividad fisica enifeeny adolescencia por medio de la
acelerometria esta siendo una linea de trabaja@m en la presente década, asi como
el analisis de consumo de oxigeno maximo un imptataredictor y marcador del
estado de salud.

El objetivo general de esta Tesis Doctoral es d@sdos niveles de AF y
diferentes intervalos de integracion de datos §odtirante diferentes actividades del
contexto escolar (educacion fisica y recreo) ydudel mismo, asi como analizar la
asociacion entre intensidades de actividad fisieh gopnsumo méximo de oxigeno en
alumnos de primaria y secundaria.

Se colocaron un total de 668 acelerometros triexi&T3X a alumnos con
edades comprendidas entre los 8 y 19 afos par&zanhlls patrones, niveles de
actividad fisica y bouts realizados. Los participarlevaron el acelerometro un total
de 7 dias en la cadera derecha con un epoch dgelconsiderd valido un tiempo de
registro de> 10 horas/dia y 5 dias (4 durante la semana y find#e semana). Los
puntos de corte elegidos son los propuestos pardeveet al. (2008), correspondientes
a actividad fisica Sedentarial00; Ligera> 100; Moderada 2296 y Vigorosa 4012
countsmin-1. Se calculd la actividad fisica en cada uadad diferentes actividades de
la semana: el total de la semana, fin de semankneés a viernes (semana escolar),
actividades extraescolares (desde las 14:01 6 Ta8th las 23:00 horas), educacién
fisica, recreo y el resto de actividades que ntuyen el recreo ni la educacion fisica
(min/dia, min/hora y %). De manera adicional, saliaaron los bouts netos y
acumulados correspondientes a los intervalos d& 4, 5, 6, 8, 10 y 12 minutos
(bouts/dia y min/dia).

Ademas, se realizaron un total de 503 test comeald obtener el consumo de
oxigeno maximo. El analizador portétil selecciondde Metamax 3B, el cual fue
colocado durante la realizacion del test progresmaximal Chester Step en un banco
sueco. Se midié ademas la frecuencia cardiaca mtedé Polar Teafny la presion
arterial mediante el Omron M3 Intellisense; HEM-TZd5.

Los resultados mas significativos de la Tesis nmaestiue a) los diferentes
criterios metodologicos en el empleo de aceler@setlificultan su comparacion a
pesar de tener puntos en comun; b) los mejorescpress del consumo maximo de
oxigeno son la edad, tiempo total a intensidadrgada e indice de masa corporal; c)
los niveles de actividad fisica y cumplimiento deamendaciones son bajos; el recreo
y la educacion fisica permiten acumular una mayrtidad de actividad fisica a
intensidad desde moderada a vigorosa por hora mag actividades; d) se muestran
diferencias en los niveles de actividad fisica,casio en los bouts netos y acumulados
durante el recreo, educacion fisica y el resto de/idades diarias; los resultados
sugieren diferentes patrones de comportamientogieduts en funcion de su analisis
como bouts netos o acumulados; e) los alumnos debtasr la intensidad a nivel
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sedentaria durante el recreo (menos de 15 minptysener mayores posibilidades de
tener un consumo maximo de oxigeno catalogado cansaludable.

ABSTRACT

Benefits engaging physical activity are vital tayde a proper health. Thus,
physical activity levels and patterns during schagés have been analyzed, because
this stage is essential for disease preventionhaadth improvement. By this manner,
the analysis of physical activity levels duringldhood and adolescence measured by
accelerometers is an increasing issue of reseaishdecade, and so the maximum
oxygen uptake as a powerful marker and predictdreafth status.

The overall aim of this Doctoral Thesis is to dése physical activity levels
and different bouts during several school-based/iies (recess time and physical
education), and out-of-school activities, and asalyze associations among physical
activities intensities and maximum oxygen uptakeoagnelementary and secondary
school students.

A total of 668 triaxial GT3X accelerometers were¢aahed to school-aged
participants from 8 to 19 years old; in order t@lgme physical activity, patterns and
bouts accrued. Subjects wore the accelerometenglidridays on the right hip with an
epoch of 1 s. A wear-time &f10 hours/day for 5 days was used as the criterion for a
valid measurement (4 week days and 1 weekend @ayhffs points proposed were
based on Evenson et al. (2008): Sedentary physicabity < 100; Ligh > 100;
Moderate> 2296 and Vigoroug 4012 countsnin-1. Physical activity was recorded
during: the whole week, weekend, from Monday ta&yi (school-week), out of school
activities (from 2.01 or 2.31 pm to 11.00 pm), phgbkeducation classes, recess time
andnon-physical education or recess activities (mip/aain/hour and %). Moreover,
1,2, 4,5, 6,8, 10 and 12-minute net and accuiedilbouts (bouts/day and min/day)
were analyzed.

Additionally, 503 tests were conducted to calculat@ximum oxygen uptake.
The portable breath by breath selected was Met@Baxvhich was carried during the
performance of the progressive maximal Chester $tgi in a bench. Besides, the
heart rate was collected by the Polar Teéand blood pressure by Omron M3
Intellisense; HEM-7051-E.

The most important results show that a) the differaethodological criteria
used with accelerometers, makes it difficult to pane@ methodology among papers in
spite of some of them carried out similar methdgshe main predictors of maximum
oxygen uptake arage, total sedentary time and body mass indexgagtec) overall,
subjects displayed low physical activity levels dod meeting of health guidelines;
recess and physical education classes allow acrmihigher moderate to vigorous
physical activity per hour than other activitie$;differences in physical activities, net
and accumulated bouts were displayed during physdacation, recess anabn-
physical education or recess activitiessults suggest different pattern of behavior
when using accumulated or net bout approacleg¢sschool-aged subjectshould
discourage sedentary time during recess because thlbo met more than 15-minute
had higher likelihood of being unhealthy.
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Abreviaturas [Abbreviations]

NAF Niveles de actividad fisica
EF Educacion fisica

AF Actividad Fisica

MV Intensidad desde moderado a vigoroso
ACL Acelerébmetro

IMC indica de Masa Corporal
GC Grupo Control

Gl Grupo Experimental

S Intensidad Sedentaria

L Intensidad Ligera

M Intensidad Moderada

Vv Intensidad Vigorosa

Pre Preescolares

P Primaria

S Secundaria

1X Uniaxial

3X Triaxial

C Cadera

CD Cadera Derecha

Cl Cadera Izquierda

E Parte baja de Espalda

Cint Cintura

CND Cadera no dominante

D Dias

DS Dias semanales

DFS Dias Fin de semana
ANOVA Andlisis de la Varianza

PE Physical education classes
PA Physical activity

PAs Physical activities

MVPA Moderate to vigorous physical activity
ACLs Accelerometers

VO omax Maximum oxygen uptake
CRF Cardiorespiratory fitness
CvD Cardiovascular disease
CPX-T Indirect Calorimetry and Cardiopulmonary exse test
H High VOuvax / Healthy

UH Low VOoumax / Unhealthy
NPERA Non-physical education or recess activities
RT Recess time

ST Sedentary time

ANOVA Analysis of Variance
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INTRODUCCION [INTRODUCTION]

The vital role of PA on health outcomes is widehown. Engaging PA confers
several health benefits, such as prevention of tgpsion, obesity and other CVD.
Therefore PA has been analyzed to deepen on prenasitdisease, obesity and effects
on health (Chen & Bassett Jr, 2005; Janssen & leBI2010). Childhood and
adolescence have been proposed to be a vital stafe influencing health issues
(Janssen & LeBlanc, 2010), future habits and bemaMultiple papers have underlined
the importance of attain and maintain a good hestlitus and conditioning from youth
to adulthood in order to prevent diabetes, obesity risk factors associated with CVD;
on the other hand PA improves body composition @hgsiological parameters
(Andersen et al., 2006; Carnethon et al., 2003sskm & LeBlanc, 2010; Janssen,
Wong, Colley, & Tremblay, 2013; Kozey, Lyden, How&taudenmayer, & Freedson,
2010; J.R. Ruiz et al., 2006; Sardinha et al., 200&oreover, PA also has been
addressed to improve cognitive functions and acad@erformance (Dudley, Okely,
Cotton, Pearson, & Caputi, 2012).

In the light of previous findings, the influencedamportance of PA has been
spotlighted on kid’s health during school ages @madn et al., 2006; Strong et al.,
2005). Several reviews shown the large health litsnéfat youth could achieve
accruing PA (Janssen & LeBlanc, 2010; Strong et 2005). For this reason, the
enhancement PA is a main concern in order to preradtealthy lifestyle among youth
(Ortega, Ruiz, Castillo, & Sjostrom, 2008a). In€liwith this, the current health
guidelines revealed the relevance of performingr®® of MVPA to provide a proper
health status in this population (Tremblay et aD11; WHO, 2010). For previous
reasons and because youth spend a substantialrfpoopof their waking hours at
school, school-based activities have been a commased setting for analyzing PA
and health outcomes in this population (Pate e2@0D6). These patterns of PA at youth
ages is highly transitory and intermittent, whatews intensity, where the mean
duration of PA submitted for medium and high intgnsvas 6 and 3 s respectively
(Bailey et al., 1995). Most children accumulate thejority of their PA in a very
sporadic manner rather than consistent bouts (Aomgi Balding, Gentle, & Kirby,
1990; Bailey et al., 1995; Baquet, Stratton, Vaaagh, & Berthoin, 2007; Berman,
Bailey, Barstow, & Cooper, 1998; Sanders, CliffL&nsdale, 2014).
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Hence, an objective, reliable, detailed and aceuragasurement of PA is a vital
aim to analyze associations between health and (B(ite, Ekelund, & Westerterp,
2012; Chen & Bassett Jr, 2005; Freedson, Poberar&,J2005; Plasqui, Bonomi, &
Westerterp, 2013). Regarding PA measurement, daedtindirect methods have been
used in school-based activities (Butte et al., 2@#&n & Bassett Jr, 2005; Fairclough
& Stratton, 2005). Firstly, indirect methods arem to subjectivity and influenced by
the ability to recall PA retrospectively, and dot moovide a direct measurement on
physiological strain (Corder, Ekelund, Steele, Ware, & Brage, 2008; Fairclough &
Stratton, 2005; Freedson et al., 2005; Reilly et2008; Stratton, 1996). On the other
hand, the possibility to collect objective PA infaation have replaced the use of
indirect methods by ACLs (Cliff, Reilly, & Okely, ®9; Plasqui et al., 2013).
Nowadays, despite indirect methods still remaim@aised, ACLs provide objectivity
and several advantages such as being a small-de&de, being easy to transport,
having a great accuracy and the possibility to tjfyathe intensity of movement (Butte
et al., 2012; Freedson et al., 2005; Plasqui g2@l.3; A.V. Rowlands, 2007a).

These small portable, lightweight and compact cesicollect motion data.
Previous ACLs recorded information on one orthogj@xa, however, recent ones are
able to record information of the three orthogomeds™ (vertical: Y, horizontal right-
left: X, and horizontal front-back axis: Z) duriregspecific interval of time (epoch),
ranging from 1 to 60 s. Shorter epochs are usypatiposed for young subjects in order
to accurately capture patterns of high intensity simort duration PA (Santos-Lozano et
al., 2013; Trost, Loprinzi, Moore, & Pfeiffer, 20L1Additionally, this information

might be categorized into different intensities;@ding to specific cutoffs points.

To provide an accurate measurement of PA, sevmapers highlighted the
importance of analyze PA registered with severafruments (Rowlands et al., 2007,
Butte et al., 2012). By this manner, papers combiA€ls with a portable breath by
breath unit with school-aged participants (Treuthale, 2004; Schmitz et al., 2005;
Ottevaere et al., 2011; Plusford et al., 2011; Tetsal., 2011; Aadland et al., 2011).
Previous papers addressed multiple aims, but therrgaals have been to categorize
PA patterns during school-based and out of schabivides and also confirm

associations between PA, health and,M{Q
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VOaumax is an indicator of CRF and the most important Jddaof a healthy
physical condition, which has been shown to haymsitive influence on children’s
health (Ortega et al., 2008a; Ottevaere et al.1p@hd prevents from cardiovascular
diseases later in life (Carnethon et al.,, 2003)FGRs been described as a limiting
factor and the absolute capacity to engage PA ¢FaBluskirk, & Henschel, 1955), and
is dependent on multiple factors, such as genegjoswth, sexual maturation and
lifestyle (Teran-Garcia, Rankinen, & Bouchard, 2008here is no doubt about the
improvements on CRF performing PA (Ruiz et al., &) being the best stimulus to
increase CRF. Moderate and high levels of CRF aseaated to provide protection
against death, and low CRF levels are a precursorootality (Dugmore et al., 1999;
Blair et al., 1996). Previous findings have reporieat PA and exercise might modify
CREF during childhood and adolescence preventingithaliabetes and cardiovascular
risk factors (Andersen et al., 2006; Carnethorl.e2803; Janssen & LeBlanc, 2010). In
line with this, several studies indicate negatigsaogiation between CRF and CVD
(Adegboye et al., 2011; Jonatan R Ruiz et al., 20@0/th school-aged subjects, the
enhancement of MVPA seems to influence CRF, whglassociated to numerous
health-related benefits (Janssen & LeBlanc, 201@n§ et al., 2005). The relevance of
CRF during youth as a risk factor for developingribmdities in adult life has been
highlighted (Carnethon et al., 2003). Due to reassxposed, CRF is considered one of
the most important health predictors and CV markensng children and adolescents
(Ortega et al., 2008).

In order to provide a better comprehension of R&le bouts have been
analyzed. Bouts are described as a daily or wesakiyunt of data regarding the times
that PA has been accrued at a given intensity duigpecific set time. In order to
analyze PA in detail and provide a better undedstenof PA bouts patterns have been
reported(Trost, Mclver, & Pate, 2005; Trost et al., 2002puth have shown
intermittent and sporadic intervals intersperseith Wigh intensity PAs, so a detailed
analysis of this day may be of interest. Thus, madesplayed descriptive information
regarding bout-length from different intensitiesa(iet et al., 2007; Ann V Rowlands,
Pilgrim, & Eston, 2008); and on the other handhatg described the number of bouts
engaged regarding gender, age, duration and hstattls (Troiano, Berrigan, & Dodd,

2008; Trost et al., 2005). Several researchersstton bouts effects on health
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outcomes with school-aged subjects (Andersen ,2@06; Mark & Janssen, 2009;
Stone, Rowlands, & Eston, 2009b; Stone, RowlanddgMbrooke, Jawis, & Eston,
2009a). The results were consistent, the most MWdBvts performed, the less odds of
cardiovascular risk at young ages (Andersen e2@06; Holman, Carson, & Janssen,
2011).

10
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OBJETIVOS

a) Los objetivos generales de esta Tesis Doctoralasosiguientes:

Describir los niveles de AF y la contribucion del@aactividad respecto a las
recomendaciones de salud y el total de AFMV en lage® de primaria y
secundaria.

Analizar la asociacion entre intensidades de AF idesd a través de
acelerbmetro y V@uaxdurante diferentes actividades del contexto es¢glary
recreo) en alumnos de primaria y secundaria.

Describir y comparar diferentes intervalos de boet®s y acumulados durante
EF, recreo y resto de actividades con nifios y adelges.

b) Especificos:

o

Revisar aspectos metodoldgicos relacionados cendmiacion de la actividad
fisica en escolares utilizando la acelerometrigi¢alo 1).

Identificar los niveles de AF por medio de aceleztna en alumnos de edad
escolar y analizar el cumplimiento de las recomeiod@s de AF propuestas
(Articulo II).

Confirmar si el nivel de AF durante EF es un facsociado a un mayor
VOamax Y SU grado de asociacién en escolares (Articllo Il

Describir los niveles generales de practica de AFgrado de cumplimiento de
las recomendaciones de salud en la poblacién egeéatéculo 11y V).

Estudiar de manera fraccionada la practica de idativfisica en diferentes
actividades de la semana y fin de semana, parandete su contribucion a la
AFMV, tomando de referencia los niveles de AF diar{min/dia) y AF por
hora (min/hora) (Articulo V).

Medir niveles de AF y diferentes intervalos de Bodé AFMV durante EF,
recreo y resto de actividades (Articulo V).

Analizar la asociacion entre los niveles de AF dteal recreo y el CRF con
nifos y adolescents escolares (Articulo VI).

14



Calahorro F, 2014 Objetivos / Aims

Aims

a) The overall objectives of this Thesis are describeldw:

v" Report PA levels and its contribution to healthdglines and total MVPA with

school-aged students from elementary and secosganol.

v' Analyze the association between accelerometer-mexhsBA intensities and

VOamax during different activities during the school d@BE and recess) with
elementary and secondary subjects.

v Describe and compare different lengths of accuradland net bouts among PE,

recess and NPERA with children and adolescents.

b) Specific:

Review methodological criteria regarding physicattivaty assessed by
accelerometry with school-aged subjects. (Paper ).

Identify PA levels among scholars and analyze Péomplishment to health
guidelines proposed (Paper II).

Confirm if PA levels during PE is a factor assoethtvith an improved V&)ax
and its level of association with school-aged aleid(Paper III).

Describe PA patterns and the prevalence of meefiAgguidelines among
school-aged subjects (Paper Il and 1V).

Analyze the contribution to total moderate to viges physical activity, taking
into account daily PA (min/day), such as PA perri{aun/hour) (Paper 1V).

Measure PA levels and different lengths of MVPA aatl accumulated bouts
during non-PE or recess activities (NPERA), Phydichucation (PE) and recess
(Paper V).

Analyze associations between accelerometer-measB#edduring RT and
cardiorespiratory fitness (CRF) in children andladcents. (Paper VI).
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RESULTADOS Y DISCUSION [RESULTS AND DISCUSSION]

El epigrafe Resultados y Discusion se presenta fenneato en el cual han los articulos
cientificos sido enviados o aceptados.

Results and Discussion section is displayed asrpdyaee been previously published or
submitted.
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Esparia.

Resumen

Introduccion: En los dltimos afios, ha cobrado especial
importancia el empleo de acelerémetros para valorar la
actividad fisica de nifios y jévenes. La metodologia utili-
zada en el uso de la acelerometria determina los resul-
tados obtenidos y condiciona la posibilidad de comparar
diferentes estudios.

Objetivo: El objetivo de esta revision, se centra en as-
pectos metodoldgicos relacionados con la evaluacion de la
actividad fisica en escolares utilizando la acelerometria.

Metodologia: Se realiz6 una revision de la literatura
de los articulos incluidos en las bases de datos Medline/
Pubmed y Scielo que utilizaran acelerémetros con parti-
cipantes en edad escolar entre Enero de 2002 y Agosto de
2013, selecciondandose 133 articulos cientificos.

Resultados: Parece existir un cierto consenso respecto
a la eleccion del lugar de colocacion, el tiempo de regis-
tro y el empleo de epochs cada vez mas reducidos; sin
embargo, se encuentra una gran variabilidad respecto al
modelo de acelerémetro empleado y los puntos de corte
seleccionados.

Discusion y Conclusiones: Los diferentes criterios
empleados, dificultan la comparacion en la metodologia
empleada entre estudios a pesar de que existan ciertos
puntos en comiin entre ellos.
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PHYSICAL ACTIVITY AND ACCELEROMETER;
METHODOLOGICAL TRAINING,
RECOMMENDATIONS AND MOVEMENT
PATTERNS IN SCHOOL

Abstract

Introduction: Over the last years, the use of accelero-
meters has become relevant to quantify physical activity
among youth. Methods used with accelerometers might
modify the results and the possibility to compare diffe-
rent papers. These devices have been proved to be effecti-
ve and valid quantifying long periods of physical activity
compared to other methods.

Objective: To show methodological criteria regarding
physical activity assessed by accelerometry with schoo-
lars.

Methodology: It was conducted a review of the litera-
ture related to accelerometers and scholar-aged subjects
at PubMed from January 2002 to August 2013, selecting
133 papers.

Results: As far as it is shown, it appears to be some
tendencies related to the choice of attachment of the de-
vice, wearing time and a shorter epoch-length; however,
it has been found a wide variability regarding the model
of accelerometer and cutoff points used.

Discussion and Conclusions: The different criterion
used makes it difficult to compare methodological as-
pects among studies in spite of some papers carried out
similar methods.

(Nutr Hosp. 2015;31:115-128)
DOI:10.3305/nh.2015.31.1.7450

Key words: Schools. Promotion. Physical Education and
Training. Adolescent.

Abreviaturas

AF: Actividad fisica.

ACL: Acelerémetro.

EF: Educacion Fisica.

MYV: Intensidad desde Moderada a Vigorosa
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Introduccion

La relacién entre la prictica regular de actividad
fisica (AF) y la salud, ha sido reconocida en diver-
sos estudios que destacan la practica fisico-deportiva
como una variable esencial asociada a una vida salu-
dable. En este sentido, se han observado beneficios de
cardcter fisico y psicoldgico, tales como la mejora de
la salud metabdlica, la prevencién de la obesidad y e/
control de los factores de riesgo de las enfermedades
cardiovasculares'*. Es por estos motivos, que la AF
ha sido estudiada con el fin de entender los patrones
y caracteristicas del movimiento humano y las rela-
ciones con enfermedades cronicas, cardiovasculares y
relacionadas con la obesidad®’. Una valoracién precisa
y detallada de la AF es un requisito fundamental para
entender la relacion entre salud y enfermedad®®. Desde
la década de los afios 50 y posteriormente en los 80
del siglo XX, se han encontrado estudios que hacen
referencia a la evaluacién de la AF medida de manera
directa, ademads de la evaluacién de pardmetros cardio-
rrespiratorios como un indicador de la practica de AF*
12, Posteriormente, alrededor de la década de los 90,
han sido utilizados principalmente cardio-frecuenci-
metros'*!* y podémetros'® para la evaluacién de la AF.
En la actualidad, y a pesar de que éstos ultimos ins-
trumentos siguen empledndose para valorar la AF, los
acelerémetros (ACLs) han comenzado a ser utilizados
con mds frecuencia en poblaciones escolares respecto
a los anteriores instrumentos descritos, fundamental-
mente desde el afio 20008152, El objetivo principal
de los mismos ha sido cuantificar los pardmetros fun-
damentales de la AF: Tiempo total, intensidad y fre-
cuencia®. La posibilidad de recopilar la informacién
objetiva de la carga de la AF, ha llevado a sustituir
los métodos clasicos indirectos como cuestionarios,
auto-informes e informes paternos por el uso de la
acelerometria®*. Estos métodos no proporcionan una
medicion directa del estrés fisioldgico y/o mecdnico; y
ademds estdn sujetos a gran subjetividad, pudiendo in-
ducir a errores al estar influenciados por la capacidad
para recordar la AF de manera retrospectiva, asi como
la percepcidn personal de los sujetos®?26, E1 ACL re-
suelve los problemas de la subjetividad, y ademds tie-
ne como ventajas, su reducido tamafio, la facilidad de
transporte y una minima interferencia en la vida diaria;
adicionalmente, poseen una alta capacidad de almace-
namiento de datos (desde dias a semanas), una gran
precision y la posibilidad de cuantificar la intensidad
del movimiento®®!” Todo ello permite el registro obje-
tivo de la carga asociada a la mayoria de la AF realiza-
da por nifios, jévenes y adultos. Sin embargo, aunque
su aplicacidn es simple y rdpida, el tratamiento de los
datos, su validez y su reproductibilidad son aspectos
sensibles, los cuales necesitan cumplir unos criterios
metodoldgicos precisos para obtener datos de calidad.
Por lo tanto, el objetivo de esta revision, es conocer la
metodologia utilizada en el uso de los acelerémetros
para estimar la actividad fisica en poblacién escolar.

Metodologia

Se revisaron los articulos originales en inglés y caste-
Ilano registrados en las bases de datos MEDLINE/Pub-
med y SciELO, introduciéndose las siguientes palabras
clave en sus motores de busqueda: “accelerometers”,

LLINNT3 ELINNY3 CLINNT

“children”, “adolescents”, “physical activity”, “physi-
cal activity levels”, “recess”, “physical education”, “af-
ter-school”, “school”, “high school”, “intervention”,
“patterns”, “bouts”, “epoch”, “calibration”, “valida-
tion”, “accuracy”, “precision”, “cut-offs”, “cut-points”,
“data analysis”. Se emplearon las conjunciones “and”
y “or”. Como criterios de seleccion adicionales, se tu-
vieron en cuenta las investigaciones donde la edad de la
muestra de estudio oscilase entre 3 y 19 afios y que es-
tuviesen publicados entre Enero del afio 2002 y Agosto
de 2013. Se excluyeron los estudios de casos, conferen-
cias, articulos en prensa, articulos repetidos, opiniones
y estudios en los que participaban personas con alguin
tipo de patologia. En un segundo nivel de concrecidn,
se seleccionaron los que indicasen claramente aspectos
metodoldgicos y técnicos en el empleo de aceleréme-
tros, como edad, poblacién de estudio, modelo, tiempo
de exposicion, lugar de colocacién y puntos de corte.
En total se seleccionaron 133 articulos cientificos.

Resultados

Se destacan a continuacion los resultados mds repre-
sentativos de la revision sistematica llevada a cabo, en
diferentes apartados metodoldgicos.

Tipo de ACL

Los ACLs son pequefios instrumentos electrénicos
que miden la magnitud de los cambios de la aceleracion
del centro de masas del cuerpo durante el movimiento?.
Su resultado es expresado en una unidad adimensional
denominada “counts”, que es el sumatorio de los valo-
res absolutos de cambios de aceleracion en un periodo
o intervalo de tiempo especifico, que va desde 1 a 60
segundos (este tiempo es conocido como Epoch)?.
Este nivel de aceleracion respecto al movimiento, puede
ser registrado en cada uno de sus tres ejes de referencia.
Al respecto, en el mercado existen una variada gama de
ACLs, uniaxiales, que registran aceleraciones en un solo
eje , generalmente el vertical; los biaxiales, que miden
dos ejes; y los triaxiales, los cuales registran el cambio
de aceleracion en los tres ejes en tres planos ortogonales,
midiendo por separado en cada uno de ellos, asi como
un sumatorio total del movimiento en los 3 ejes>%!7222%,
Hasta el 2009, los modelos de ACLs que han sido usados
con mayor asiduidad en la literatura con escolares, son
los uniaxiales de la marca ActiGraph (el cual también ha
sido llamado CSA, MTI y WAM), Actical y Actiwatch,
y el ACL triaxial RT3 que fue reemplazado por el ACL
Tritrac®"”. El modelo Actigraph GT1M se ha validado
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con éxito para diferentes poblaciones y los datos de mo-
vimiento en su eje vertical siguen siendo los mds utiliza-
dos??. El avance de la tecnologia permitié que a partir
de 2010, apareciese un nuevo modelo, el ACL triaxial
Actigraph GT3X, el cual almacena el movimiento en los
tres ejes ortogonales, vertical (y), horizontal izquierda y
derecha (x) y, horizontal adelante y atrds (z), incluyendo
ademds el vector magnitud de los tres ejes™.

A pesar de que la tecnologia y el paradigma del ace-
lerémero son aspectos ampliamente conocidos, la vali-
dacién de los nuevos modelos para la medicidn fiable y
vélida de los pardmetros de la AF es un aspecto fulcral
en la investigacion. El objetivo de la validacién, con-
siste segun Strath y colaboradores® en establecer una
relacion entre las sefiales generadas por el ACL y la
cantidad de movimiento realizado. Por ello, se precisa
validar la mecdnica de los ACLs que se utilizan comiin-
mente para la evaluacién de la AF en los seres huma-
nos'®¥, pues la complejidad de los movimientos implica
equipos que consigan registrar movimiento en 3 dimen-
siones, ademds de establecer umbrales maximos y mini-
mos de sensibilidad acordes con las aceleraciones de los
seres humanos. Actualmente el ACL triaxial Actigraph
GT3X, ya ha sido validado con nifios, adultos y mayo-
res**333, Adicionalmente, este equipo registra los datos
en bruto (raw data) a una frecuencia de 30 a 100 Hz*,
lo cual aumenta las posibilidades del procesamiento de
los datos; en este sentido, la gran evolucién que ha ex-
perimentado el “software” permite un tratamiento de los
registros mucho mds rdpido, simple y variable que en el
pasado. Es por estos motivos que representa un instru-
mento de eleccion en la investigacion con nifios.

Son diversos los autores®!731323637 que indican que
de manera general, no aparecen diferencias respecto a
la validez y fiabilidad entre modelos para estimar AF
en nifios y jovenes. Por ello, la seleccion del mismo de-
pende fundamentalmente del motivo del estudio, de las
caracteristicas de interés respecto a la poblacién a estu-
diar, del grado de aplicacidn, la comparacién de datos
con otros estudios, o si se pretende calibrar y/o validar
otras herramientas de evaluacién de la AF (Tabla I).

Lugar de colocacion

Los ACLs pueden ser colocados en diferentes loca-
lizaciones del cuerpo del sujeto a través de una banda
eldstica. Trost y colaboradores® indican que debe-
rian estar colocados lo mds cerca posible del centro
de masas del cuerpo. Entre los lugares mds comunes
destacan: la cintura, cadera derecha, la parte baja de la
espalda y, en menor medida, la mufieca, el tobillo y el
muslo®?*6%, E| andlisis de la literatura indica que el
lugar ideal con nifios serfa la interseccion de la cadera
derecha con la cintura (encima de la cresta ilfaca), ya
que es el lugar mds préximo al centro de gravedad, y
es mds cémodo que la espalda, que podria molestar al
sentarse o al estar en una posicion de espalda pegada a
la pared o a un compafiero

Tiempo de exposicion/registro

El tiempo de exposicion/registro del ACL hace refe-
rencia al volumen de dias que el ACL estard recopilando
informacién (normalmente se coloca el dia antes de co-
menzar la grabacion, la cual se programa/activa mediante
un reloj interno desde el software). Este tiempo puede
variar en funcidon de los objetivos del estudio, desde 4 a 7
dias (Tabla 1), no obstante, en jévenes se recomienda su
uso durante 7 dias®, donde existan dias lectivos y fin de
semana**“. Una vez descargados los datos, el registro se
considera adecuado si, el nifio tiene lecturas validas de
como minimo 5 dias, 4 de contexto escolar y uno de fin
de semana, lo cual permitird conocer el comportamiento
general del chico. Sin embargo, este no es el dnico re-
quisito temporal para tener registros validos, también es
importante el cémputo total de tiempo que se tiene puesto
el ACL a lo largo de un dia. Para que los valores sean
vélidos, se debe tener puesto un minimo de 10 horas en
dias lectivos y 8 horas los dias no lectivos (fiesta y/o fin
de semana), lo que equivale a un 41,1% y 33,1% de todo
el dia respectivamente®*’. Como el ACL se quita para ac-
tividades acudticas o ducha y para dormir, en ocasiones,
los nifios olvidan colocarlo. Por ello, quienes no cumplan
estos pardmetros, no deben ser considerados como suje-
tos vdlidos, ni incluirse dentro de los sujetos de estudio en
el posterior andlisis de los datos. Dentro de las soluciones
précticas para informar de estos problemas, la utilizacion
de un simple diario de registro es la mds utilizada, en este
se anota la hora a la que se lo quita y se lo pone, y el
motivo (como puede ser dormir y realizar alguna activi-
dad acudtica); asi, algunos de los registros pueden resul-
tar vdlidos después de corregir los mismos (por ejemplo,
un nifio que haya pasado 2 horas en la piscina un fin de
semana, puede no llegar a las 8 horas; u otro, que se ha
pasado 6 horas en la playa).

Epochs

Los epochs hacen referencia al intervalo de tiempo en
que el ACL almacena la informacidn, que puede irde 1 a
60 s?’. Segtin el tipo de ACL o poblacién al que se admi-
nistre se recomienda una u otra medida. Por ejemplo, en
poblaciones jévenes o nifios el epoch debe ser corta du-
racién?. Durante afios, el epoch mds empleado ha estado
en torno a los 5 — 15 s, basado en que al ser la AF de los
niflos mas intermitente, si fuese mayor, se perderian datos
significativos'#%. Los alumnos de Infantil y Primaria (de
3 a9 afios), obtienen muchos picos de actividad a lo largo
de un dia, clasificada entre Moderada y Vigorosa, aunque
estos no suceden de manera continua®, por lo que es ra-
cional considerar un epoch préximo a 5 s. No obstante,
esta recomendacion ha cambiado desde que los nuevos
ACLs permiten registrar con un epoch de 1 s*. La elec-
cion del epoch al igual que el punto de corte adecuado
es fundamental, ya que pueden influenciar significativa-
mente los niveles de AF, en este sentido la frecuencia de
almacenamiento recomendada es de 1 segundo (Tabla 1).

Actividad fisica y acelerometria;
orientaciones metodoldgicas,
recomendaciones y patrones

Nutr Hosp. 2015;31(1):115-128 117



Tabla I

Metodologia de los estudios con acelerometros en escolares

Autor n Edad Poblacion Tipo Colocacion Dias Epoch diucr‘l(zor:e
(Tzrggg s 375 De7als PyS  CSA7I641X CD 7D 60's
8‘6%2;‘ etal 157 Dpegalé  PyS  CSA7I641X  CND 3D 60 s Free(dlsg"gnggt al.
Z‘B%:;‘d il 1290 Degalo P CSAWAM7I64  CD et - Propios
}?ggz;’h etal 2906  De9al5  PyS  CSAMTI 7164 C ;gglgl 60s  Trost et al. (2002)
Sé?;w(lrzto{) , 71 Deall P CSA C IDS 60's
(TZISSZ}; etal. 24 Del3als s ACﬁg;‘i‘lgg MIT cpyor D 305 Propios
ooy 436 Det3al4 S Varios D 30's
35%‘5‘2‘; etal 481 Del6al? S MTI Actigraph ~~ CD 7D 15 Propios
1(‘;18535? al. 22 De8al0 P CSA71641X  CND 3DS 60's
ggggs et al. 278 De5alo P Act7i%r6ai)l11)lz/[TI cD 1DS 5 Nilss;)(r)lo}é )cols.
Sglhsm(‘%g 5 4 Deldald s 2AcigeMIL opy o IDS 30s
f()‘}gf{;g%g) 1732 De9als PyS  Actigraph 7164 C 22DD§3§/ 60's
ho0e 1921 Devals  PyS  CSAWAM7Ie:  CD Y e0s
Rowlandset 5 o7, P RT3X cD IDS  1y60s  Propios
al. (2006)
g‘ggg 780 De9alo P MTIWAM7164  CD (pce A T“(’;ggzc)"ls
;ﬁr(sztf)%eg 235  Del0all P Acgﬁrﬁ’?yﬂ CD 1D 60's T“Eszto%g’ls’
boogy 52 De6alo PyPre CSA X 7D 60's
}3(?12?2307) 13 De8al0 P Actigraph 7163 cp 7D 2s
2‘6%5% cols: 5500 Dellal2 . MT %Céifraph 3D Praogi&sr;hsg:yifryes

cols. (2006)
838%‘3‘ yeols- 470 Del2al6 S MTI WAM 7164 E y‘;DDSFS 60's T“ZS;O%;;’IS'
Troianoetal- - 6359 pe6ai9 PyS  Actigraph 7164  CD 7D 60's
(2007)
(Tzrggg)y 147 De6alo P Actigraph GTIM  CD 30 F“”ee(‘;soo(;‘;t al.
g(i)%l;e)l tal 419 pegal2 p  OTIMAcGrph ¢ IDS 30's
118 Nutr Hosp. 2015;31(1):115-128 Fernando Calahorro Cafiada y cols.



Tabla I (cont.)

Metodologia de los estudios con acelerometros en escolares

Autor n Edad Poblacion Tipo Colocacion Dias Epoch Puntos
de Corte
Evenson et al Actical y
(2008) T35 De5a8 Py Pre ActiGraph 1X Cint 2D 15s Propios
AM 7164
Fromel et al.
(2008) 315 De 6a8 P Caltrac 1X CI 7D - ----
Hagstomer et Actigraph MTI, L
al. (2008) 248 De 12a17 S GTIM (1X) E 7D 15s
Moeller y Actigraph MTI,
cols. (2008) 902 De8al6 PyS 7164 1X 5D 60 s -
Guinhouya y
Roemmich y L cols. (2006) y
cols. (2008) 36 De8al2 P Biotrainer-Pro C 7D 60 s Freedson y cols.
(1998)
Rowlands y Actigraph GTIM 4DS Trost y cols.
cols. 2008) o+ Dedall P 1X b y2DFM 2 (1998)
Sardinha y CSA Wam 6471 2DS Ekelund y cols.
cols. (2008) 293 Dedald P 1X cD yoDEM 90 (2004)
Corder y cols. Actigraph MTI, Freedson et al.
(2009) 82 De4al7 Preesy S 7164 1X y CSA C 11D 60 s (1998)
Grontved et . Pate y cols.
al. (2009) 146 De3a6 Pre Actigraph 7164 CD 5D 15s (2006)
Mark y cols. Actigraph 7124 Treuth y cols.
(2009) 2498 De8al7 PyS X CD 7D 60 s (2004)
Martinez- .
Gémezetal. 61  Del4als S Acg‘érrfﬂ‘ &TL 3D 155
(2009a)
Martinez- .
Gomezetal. 61  Deldals S i i — 3D 60 s
(2009b)
Modificado de
?ggg;)lf etal 357 pesas P Actigraph Cint 7D 60s  Schmitz y cols.
(2005)
Moliner- .
Urdialesetal. 365  Del12a 18 S ActiGraph MTL g D 155 P“y(az‘agzc)‘ﬂs'
(2009)
Rowlands y GT1M Actigraph Trost y cols.
cols. (2009) 64 De9all P 1X CD 6D 2s (1998)
(Sztgglge)et al. 1862 De9al0 P Actigraph GT1M CD 12 Semanas 5s Propios
Mattocks y
Stone y cols. . cols. (2007) y
(20092) 47 De8al0 P Actigraph GTIM - 7D 2s Rowlands y cols.
(2008
Stone v cols Mattocks et al.
Y ’ 32 De8al0 P Actigraph GT1IM -—-- 4DS y 2DFS 2s (2007) y Stone y
(2009b)
cols. (2009a)
Sveinsson et Actigraph MTI,
al. (2009) 270 De9als5 PyS 7164 1X CD 6D 60 s
De Bock et . Torax .
al. (2010) 33 De3a6 Prees Actiheart subesternal 1DS 15s Propios
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Tabla I (cont.)
Metodologia de los estudios con acelerometros en escolares

Autor n Edad Poblacion Tipo Colocacion Dias Epoch Puntos
de Corte
Espafia- . Ekelund y cols.
Romero y 3528 Del2al8 S Acugra}’; GTIM —— (2007) y Nilssson y
cols. (2010) cols. (2009)
Martinez- . Ekelund y cols.
Gomez y 1808 Del2al8 S AC“Gralp)lg GTIM C 7D 15s  (2007) y Nilsson y
cols. (2011) cols (2009)
Ortega y cols. Trost y cols.
(2010) 1075 De9al5 PyS MTIWAM 7164 CD 3D 60 s (2002)
Moliner- . Modificados de
Urdiales etal. 363  De12a 18 S ACt‘Grla)Izh MTI E 7D 15s  Andersen et al.
(2010) (2006)
Ridgers y Actigraph 7164
cols. (2010) 98 De9al2 P X C 3D 5s -
Silva et al. ActiGraph MTI Freedson et al.
(2010) 208 De 12a 18 S 7164 CD 7D 60 s (2005)
Aznar y cols. ActiGraph MTI . 4D (2FSy Andersen y cols.
(2011) 221 De9als PyS GTIM Cint 2DS) 15s (2006)
Pate et al. (2006);
Sirard y cols.
(2005); Puyau
Bornstein et . y cols. (2002);
al. (2011) 419 De3a6 Prees ActiGraph 7146 CD 14D 15s VanCauwengerghe
etal. (2011);
Freedson et al.
(1998; 2005)
Bundy et al. GT3X ActiGraph
(2011) 216 De5a7 Prey P 3X CD 5DS 5s -
Escalante et
al., (2011) 783 De6all P Caltrac 1X C 1 Recreo -—-- -
Garcfa-Marco . Andersen y cols.
y cols. (2011) 373 De 12a 18 S Actigraph GTIM E 7D 15s (2006)
Holman y Actigraph 7164 Freedson y cols.
cols. (2011) 2754 De6a 19 PyS X CD 7D 60 s (2005)
Huberty et al. GT1M ActiGraph
2011 93 De8all P 1X 5DS 5s -
Janssen et al. ActiGraph
(2011) 1200 De6al2 P ActiTrainer 3X 15D I's
Lagunay Alrededor MTI GTIM CSA 2DS .
cols. 2011) 48 de9 P ActiGraph €D y2DRM 138 Propios
Martinez- Ekelund y cols
Gomez y 1808 De12a18 S ActiGraph GT1M C 7D 15s y ’
(2007)
cols. (2011)
Moliner- .
Udialesctal. 363  Del2alg s ACiORphMII E 7D 15
(2011)
MTI/CSA 7164 y
Meyer y cols. . 15 Ekelund et al.
2011) 676 De9al0 p GT1IM i\;tlgraph C 4-7D y60s (2004)
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Tabla I (cont.)
Metodologia de los estudios con acelerometros en escolares

Autor n Edad Poblacion Tipo Colocacion Dias Epoch Puntos
de Corte
Mattocks y cols.
(2007); Puyau et
. . al. (2002); Sirard
Nielsen et al. Actigraph MTI 2DS .
2011) 594 De 6a 10 Prey P 7164 - y 2DFM 10s y cols. (2005);
Treuth y cols.
(2004); Trost et al.
(1998)
Ottevaere et Del125a . Sardinha et al.
al. (2011) 2018 175 S Actigraph MTI E 7D 15s (2008)
Pulsford et al. Actigraph GT1IM .
2011) 55 De7a8 P 1X CD 1D 15s Propios
Rigders et al. GT1M ActiGraph . Freedson y cols.
Q2011 210 De8all P 1X Cint 7D 5 (1997)
Ruiz y cols. ActiGraph MTI Andersen et al.
Q2011) 2200 Del2al7 S GTIM E 7D 15s (2006)
Freedson y cols.
(2005); Puyau
y cols. (2002);
Trost et al. . Treuth y cols.
(2011) 206 De5als PyS ActiGraph GT1M CD 1D ls (2004): Mattocks
y cols. (2007);
Evenson y cols.
(2008)
Zaragoza y . Treuth y cols.
cols. (2011) 67 De 12a 14 S MTI 7164 Cint 7D 15s (2004)
Aibar y cols. Evenson y cols.
(2012) 401 De 13 a 15 S GT3X CD 7D 15s (2008)
Actigraph 7164
Aelterman 739 Del1lal9 S IX, GTIM 3X y C 46 clases 60 s Puyau y cols.
(2012) GT3X EF (2002)
Augustin et ActiGraph MTI Mattocks et al.
al. (2012) 6567 Del2al4 S GTIM 7D 60 s (2007)
Bailey y cols. Rowlands y cols.
(2012) 100 De 10 a 14 PyS RT3X 7D --- (2004)
Baptista 'y . 2DS Troiano y cols.
cols. (2012) 818 De10a 17 PyS ActiGraph GTIM CD y 2FS 15s (2008)
Ceroni et al. ActiGraph MTI Ekelund et al.
(2012) 100 De 10a 16 S GTIM CD 10D 60 s (2004)
Fairclough y ActiGraph MTI
cols. (2012) 223 De 10 a 11 P GTIM CD 7D - -
Kremer et al. ActiGraph . 218 clases .
(2012) 272 De 14 a5 PyS GTIM Cint EF 60 s Propios
Martinez- .
Martinezet 32 Dellal2 P Ag‘ﬁﬁ’h Cint D 7D 5s A“d(e;f)%‘g)et al.
al. (2012)
Perlman GT1M ActiGraph
(2012) 69 - S 1X CD - 30s  Trostetal. (2002)
Raustorp y GT1M ActiGraph . Sirard y cols.
cols. (2012) 50 Ded4ab6 Prees 7164 Cint 5D 15s (2005)
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Tabla I (cont.)

Metodologia de los estudios con acelerometros en escolares

Autor n Edad Poblacion Tipo Colocacion Dias Epoch Puntos
de Corte
Van . Van
Cauwenberghe 573 De5a6 Prees GTIM 11\)c(t1Grap h CD 35clasesEF 155 Cauwenberghe
et al. (2012) etal. (2011)
. GTIM 1X, GT3X
Verloigne et M Treuth et al,
al. (2012) 686 De 10a 12 PyS Xy A30)t(1tra1ner CD 4DSy2DFS 155 (2004)
. Freedson y cols.
é‘éﬁ‘;)s yeols: 217 De6al? PyS Aanrf‘gh 7164 CD 7D 60s  (2000); Evenson
y cols (2008)
Denker et al. ActiGraph MTI .
(2013) 167 De7al3 PyS 7164 CD 4D 10s Propios
Denton y cols. Rowlands y cols.
(2013) 135 Del1lal3 P RT3X - 7D 60 s (2004)
Janssen et al. . Puyau et al.
(2013) 745 De 6a 19 PyS Actical CD 7D - (2000)
Jiménez- Actieraph 1x Al menos
Pavénycols. 2025 De6a9 P MT% GPTIM’ CcD 3D@2DSy 155 Propios
(2013) 1DFS)
Lee y cols. ActiGraph
(2013) 4069 Mayores de 6 P 7164 CD 7D 60 s ----
Morris y cols. ActiGraph 1X Freedson y cols.
(2013) 378 De7all P GTIM - 7D S5s (1997)
O’Connor et
al. (2013) 15 De3as Pre GT3X C 1D 30s -
Santos y cols. . 2DSy Trost y cols.
(2013) 2506 De10al8 PyS  Actigraph GTIM CD I FS 1558 (2002)
Santos-Lozano 3, popa16  pys GT3X CcD 1D 1s Propios

etal. (2013)

AF: Actividad Fisica; s: Segundos; S: Intensidad Sedentaria; L: Intensidad Ligera; M: Intensidad Moderada; V: Intensidad Vigorosa;
MYV: Intensidad desde Moderada a Vigorosa; Pre: Preescolares; P: Primaria; S: Secundaria; 1X:Uniaxial; 3X:Triaxial; C: Cadera; CD: Cadera
Derecha; CI: Cadera Izquierda; E: Parte baja de Espalda; Cintura: Cint; CND: Cadera no dominante; D: Dias; DS: Dfas semanales; DFS: Dias

Fin de semana; EF: Educacién Fisica; s: segundos.

Puntos de corte o Cutoffs Points

La informacién que aporta el ACL sobre la in-
tensidad de la AF se realiza por medio de la unidad
“Counts” por minuto, que permite clasificar la activi-
dad del sujeto (Cutoffs Points) en Sedentaria, Ligera,
Moderada y Vigorosa, siendo menos empleado el ni-
vel Muy Vigoroso®. Esta clasificacion va a depender
del tipo de poblacién en concreto, siendo los valores
numéricos muy diferentes si se trata de adultos, jéve-
nes y/o nifios. Sin embargo, la seleccidon de estos va-
lores de corte continda en debate, pues la utilizacion
de unos u otros puede condicionar sustancialmente
los resultados del estudio. Concretamente, en el cum-
plimiento de las recomendaciones de AF, los valores
pueden verse influenciados por el punto de corte y

epoch empleado*. Por ejemplo, no todos los autores
definen la opcién de Muy Vigorosa, a pesar de ser una
zona muy recomendada cuando se llevan a cabo es-
tudios con nifios, por el cardcter propio de su activi-
dad diaria. En otro estudio, comparando los diferentes
puntos de corte mds empleados en nifios, se indica que
las ecuaciones de Freedson/Trost y Evenson muestran
mejor precision que las otras, siendo especialmente
interesante la propuesta por Evenson para el mode-
lo ActiGraph en escolares’. Aunque la investigacién
con acelerometria en los dltimos afios*, ha podido ge-
nerar una falta de consenso’!, no es menos cierto que
también ha provocado que los puntos de corte se ha-
yan definido mejor segiin edades concretas*->>**. En
la tabla II, se indican los puntos de corte establecidos
para uso en escolares.
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Tabla IT
Puntos de Corte empleados con escolares Puntos de Corte empleados con escolares

Autor AF S AF L Freestyle AF M AFV AF MV Unidad
Freedson y 0-99 100-759  760-1951  1952-5724  5725-9498 9498 counts-min’!
cols. (1998)

Steele y cols. e
(2009) 0-100 101 - 1999 2000 - 3999 4000 counts-min
Pate y cols. I
(2006) 0-799 800 - 1679 1680 3367 3368 counts-min
Nilsson y cols. min-l
(2002) 1956 - 5759 5760 - 9479 9480 counts min
Puyau et al. e
(2002) 0-799 800 - 3199 3200 - 8199 8120 counts-min
Ekelund et al. in-l
(2004) 0 -499 500 - 1999 2000 - 2999 3000 counts-min
Treuth y cols. 0-100 101-2999 3000 - 5200 5200 counts-min’!
(2004)

Freedson y e
cols. (2005) 0-149 150 - 499 500 - 3999 4000 - 8000 counts min
Sirard y cols. I
(2005)" 0-1592 1593 - 3560 3561 -5016 5017 counts-min
Mattocks y I
cols. (2007) 0-100 101 - 3580 3581-6129 6130 counts-min
Evenson y cols. ‘min-!
(2008) 0-100 100 - 2295 2296 - 4012 4013 counts-min
fz‘gslf]")rd yeols o 100 101 - 2240 2041-3840 3841 counts-min’!
Trost y cols. min-!
2011) 0-195 196 1672 1673 counts min
Van

Cauwenberghe 0-1488 1489 - 2336 2337-3520 3521 counts'min’!
y cols. (2011)"

groegr yeols: g _ g0 101 - 2000 2001 -4999 5000 - 7999 8001 counts-min"’
Denker y cols. I
(2013) 0 - 1000 101 - 3499 3500 counts min
Media 0-471 409 - 1928 760 - 1951 1949 - 4537 4533 - 8035 8045

AF: Actividad Fisica; min:minutos; s: Segundos; S: Intensidad Sedentaria; L: Intensidad Ligera; M: Intensidad Moderada; V: Intensidad

Vigorosa; MV: Intensidad desde Moderada a Vigorosa.

“I: Estas unidades fueron inicialmente descritas en counts-15 s y transformadas a counts-min’’.

Discusion

La revision de los diferentes estudios revisados ha
posibilitado tener una perspectiva mds concreta de la
medicion objetiva de la AF con acelerémetros con suje-
tos en edad escolar. A nivel general, no se observa unos
criterios metodoldgicos uniformes a la hora de planifi-
car la puesta de acelerémetros, recoger o analizar los
datos a través de las diferentes investigaciones®'. No
obstante, si que aparecen ciertas tendencias o criterios
similares durante los mismos. A pesar de que no exis-

te una evidencia contrastada respecto a que una marca
y modelo de acelerémetro sea mds valida y fiable que
otra*®, los estudios han seleccionado fundamentalmen-
te el modelo Actigraph; apareciendo una gran gama de
modelos en los estudios analizados, ademds del empleo
de uniaxiales y triaxiales. Si, parece coherente que el
acelerémetro triaxial GT3X va ser el mds utilizado en
un futuro a corto plazo, ya que registra la AF en los tres
ejes cartesianos, aumentando la precision en la valora-
cion de la AF. Para el lugar de colocacién del mismo, a
pesar de que unos pocos estudios lo han empleado, se
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indica que los acelerémetros no han de colocarse en la
muiieca o tobillo*. Los estudios indican que suele co-
locarse en la cintura mediante una banda eldstica ajus-
table, en la cadera derecha, ya que parece ser un sitio
adecuado para registrar las aceleraciones del centro de
masas, y no impide una AF habitual. Respecto al tiem-
po de registro de la AF, se indica que este tipo de pobla-
cién necesita un mayor tiempo de exposicién respecto
adultos®. La mayoria de estudios indican que estdn al
menos 5 dias con el acelerémetro puesto (4 durante la
semana y 1 de fin de semana). La idea mads sensata al
respecto en la mayoria de estudios, ha sido registrar la
AF durante 7 dias, para contemplar la AF total de la se-
mana. De esta manera, es posible conocer patrones de
AF durante la semana (contemplando la AF escolar y
extraescolar) y fin de semana (posibles competiciones),
permitiendo comparar entre ambos. Por otro lado, se ha
sugerido que un epoch de 1 minuto de duracién pueden
subestimar los niveles de AFMV?. Al respecto, la ma-
yoria de los estudios analizados tienden a seleccionar
un epoch de 15 s o inferior, este hecho probablemente
esté condicionado por el tipo de AF desarrollada por
esta poblacidn, que suele ser esporddica e intermitente,
registrando de manera mds precisa estos cambios en los
niveles de AF. No se observan estos puntos en comun
con los puntos de corte empleados, se aprecia una gran
heterogeneidad en los mismos, llegando incluso mu-
chos estudios a plantear sus propios puntos de corte.
El motivo principal para la eleccién de unos u otros
puntos, deberia estar fundamentada en la edad concreta
de la muestra de estudio.

A pesar de los avances en la medicion objetiva de
la AF, seria interesante incluir en futuros estudios las
siguientes propuestas, ya que hay elementos que no
han sido analizados de manera suficiente en las publi-
caciones. Entre ellos, se destacan los factores que in-
fluyen en el tiempo que los participantes llevan puesto
los acelerometros y el sesgo que puede aparecer en la
muestra por la eliminacién de participantes durante el
procesamiento de los datos de los acelerémetros. Las
futuras actuaciones deben ir enfocadas a evitar en la
medida de lo posible la pérdida de sujetos por no llevar
el acelerémetro o no cumplir con los criterios minimos
establecidos. Ademds, indagar en lo relativo al por qué
esos sujetos no han cumplido con estos criterios mini-
mos para evitar el sesgo puede ser también interesan-
te y no se ha contemplado en la literatura. Para ello,
estudiar aspectos socioculturales y ambientales podria
arrojar algo de informacién y ayuda al respecto. Ade-
mds, en determinadas situaciones podria ser interesante
combinar los acelerémetros con la observacion directa
con el fin de conocer el contexto y tipo de actividad
realizada (si el sujeto estd sentado, corriendo, etc), lo
cual ha sido tenido en cuenta en algunos estudios. Adi-
cionalmente, la literatura demanda el establecer unos
criterios uniformes respecto a los puntos de corte; y
en menor medida el resto de aspectos metodoldgicos.
Para finalizar, se indica que es necesaria una planifica-
cién cuidadosa y utilizar estrategias adecuadas en fun-

cién de los objetivos de estudio. Al respecto, podria ser
interesante que los grupos de investigacion trabajasen
de manera conjunta, en ver de unilateral, para as{ im-
pulsar el progreso y el uso objetivo de acelerémetros
en diversas poblaciones?'.

Conclusiones

La acelerometria se presenta como una herramienta
sencilla y prdctica para cuantificar y conocer de una
manera mds detallada estos niveles y patrones de AF
con sujetos en edad escolar. Durante la tultima década
ha mejorado de forma significativa la tecnologia y las
aplicaciones de “software” del ACL, lo cual posibili-
ta una mayor precision y volumen de datos; esto ha
ampliado las posibilidades de andlisis pero también
la necesidad de un conocimiento mds profundo. Se ha
observado a lo largo de los estudios analizados, que
parece existir unos ciertos pardimetros comunes en la
metodologia empleada para cuantificar la AF mediante
acelerometria con escolares. Los investigadores tienen
a usar acelerometros Actigraph (en un futuro préximo
el modelo triaxial), con un epoch de 15 s 0 menos, que
se suele colocar en la cadera derecha durante al menos
5 dfas hasta una media de 7, incluyendo el fin de sema-
na. No hubo criterios uniformes respecto a los puntos
de corte, los cuales van a depender fundamentalmente
de edad de la muestra escolar. En base a lo anterior, no
existe uniformidad en los criterios técnicos empleados
en cada uno de los apartados metodolégicos en el uso
de acelerometros.
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Resumen: El objetivo de esta revisién es identificar los niveles de actividad
fisica por medio de acelerometria en alumnos de edad escolar y analizar el
cumplimiento de las recomendaciones de actividad fisica. Se realiz6 una re-
vision de la literatura de los articulos incluidos en las bases de datos Medli-
ne/Pubmed y Scielo que utilizaran acelerémetros con participantes en edad
escolar, entre enero de 2004 y mayo de 2013, selecciondndose 98 articulos
cientificos. Se muestran valores de referencia en diferentes etapas educa-
tivas, posibilidades de actividad fisica que ofrece el contexto escolar, asi
como programas de intervencién, donde en términos generales se observa
un bajo nivel de actividad fisica. A su vez, se observa un escaso cumplimien-
to del minimo nivel de actividad fisica recomendada como saludable. En
conclusién, esta revisién contribuye a orientar las futuras investigaciones
en este campo, fundamentalmente destinadas a llevar a cabo programas
de intervencién.

Palabras Clave: Escuelas, Promocién, Educacién Fisica y Entrenamiento,
Adolescente.

Abstract: During school and high school stages, are proposed as beneficial
aspects the ones related to the settlement and promotion of sports-habits
and an increase of health and fitness through physical activity. In order to
quantify that physical activity, the use of accelerometers has become impor-
tant, due to several advantages related to other methods. By this manner,
the purpose of this review has been focused on identify physical activity
levels among scholars and analyze physical activity guidelines proposed.

It was conducted a review of the literature related to accelerometers and
scholar-aged subjects at PubMed from January 2004 to May 2013, select-
ing 98 papers, from those 19 show percentage of physical activity levels. In

the assessment of physical activity with scholars, (across different school
stages, school environment possibilities and intervention protocols), a low
level of physical activity has been highlighted, with poor level of subjects

meeting recommendations proposed.

Key Words: Schools, Promotion, Physical Education and Training, Ado-
lescent.

Resumo: O objectivo desta revisio ¢ identificar os niveis de actividade fi-
sica através da acelerometria em alunos em idade escolar e analisar o cum-
primento das recomendagées de actividade fisica. Foi realizada uma revisao

de literatura dos artigos incluidos nas bases de dados Medline/Pubmed e
Scielo que utilizaram acelerémetros com participantes em idade escolar, en-
tre Janeiro e Maio de 2013, seleccionando-se 98 artigos cientificos. Apresen-
tam-se valores de referéncia em diferentes etapas educativas, possibilidades
de actividade fisica que oferece o contexto escolar, assim como programas
de intervencdo, onde em termos gerais se observa um baixo nivel de activi-
dade fisica. De igual modo, observa-se um escasso cumprimento do nivel
minimo de actividade fisica recomendada como sauddvel. Em suma, esta re-
visdo contribui para a orientagio de futuras investigagoes neste 4mbito, fun-
damentalmente destinadas 4 implementagio de programas de intervengio.

Palavras-chave: Escolas, Promocao, Educacio Fisica e Treino, Adolescentes.

Introduccién

Diferentes estudios resaltan la importancia de la actividad fi-
sica (AF) y la salud, considerdndola una variable esencial para
garantizar la misma. Hay un considerable interés social sobre
los niveles de AF desarrollados por nifios y adolescentes, de-
bido al aumento de la obesidad, sedentarismo y su asociacion
con un bajo nivel de AF (Freedson, Pober, & Janz, 2005). Al
respecto, se ha identificado que las etapas de nifez y adoles-
cencia tienen una importancia crucial, ya que parecen influir

Direccién para correspondencia [Correspodence address|: Dra. Gema
Torres-Luque. Universidad de Jaén. Facultad de Ciencias de la Educacion.
Campus de las lagunillas, 23071, Jaén (Espana). E-mail: gtluque@ujaen.es

en aspectos relacionados con la salud (Janssen & LeBlanc,
2010), asentamiento de hdbitos y conductas futuras. Nume-
rosos estudios han puesto de manifiesto la importancia de
mantener un buen estado de forma durante la juventud para
prevenir factores de riesgo en la vida adulta relacionados con
la obesidad, la diabetes y, en general, el control de los factores
de riesgo de las enfermedades cardiovasculares (Andersen et
al., 2006; Carnethon et al., 2003; Janssen & LeBlanc, 2010;
Janssen, Wong, Colley, & Tremblay, 2013; Kozey, Lyden,
Howe, Staudenmayer, & Freedson, 2010; Ruiz et al., 2006;
Sardinha et al., 2008a). Asi, es interesante resaltar que la AF
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no solo mejora aspectos fisicos y de composicién corporal,
sino que también contribuye a obtener mejores resultados
en la funcién cognitiva y el rendimiento académico (Dudley,
Okely, Cotton, Pearson, & Caputi, 2012). A la vista de los
beneficios de la prictica de AF, se ha destacado la importan-
cia de la etapa escolar como lugar idéneo de adquisicién y
adherencia a la practica de AF (Andersen et al., 2006; Strong
et al., 2005), estableciéndose recomendaciones de AF con el
fin de garantizar la salud en esta poblacién (Tremblay et al.,
2011; WHO, 2010).

Para valorar la actividad fisica en la poblacién escolar se
han utilizado métodos objetivos e indirectos en este entor-
no (Butte, Ekelund, & Westerterp, 2012; Chen & Bassett
Jr, 2005; Fairclough & Stratton, 2005). Respecto a los méto-
dos indirectos para cuantificar la AF total, los cuestionarios,
auto-informes e informes han sido muy utilizados (Colley et
al., 2011; Corder et al., 2009; Ottevaere et al., 2011). Estos
métodos estdn sujetos a una gran subjetividad, y con una alta
probabilidad de inducir a errores, principalmente por estar
influenciados por la capacidad para recordar la AF de ma-
nera retrospectiva, la percepcién personal de los sujetos y el
no proporcionar una medicién directa del estrés fisioldgico
ylo mecdnico (Corder, Ekelund, Steele, Warcham, & Brage,
2008; Fairclough & Stratton, 2005; Freedson et al., 2005;
Reilly et al., 2008).

Segtin lo expuesto, una valoracién objetiva, precisa y de-
tallada de la AF es un requisito fundamental para entender la
relacién entre salud y enfermedad (Butte et al., 2012; Chen
& Bassett Jr, 2005; Freedson et al., 2005; Plasqui, Bonomi, &
Westerterp, 2013). La posibilidad de recopilar la informacién
objetiva de la carga de la AF, ha llevado a sustituir los méto-
dos indirectos por el uso de la acelerometria (Cliff, Reilly, &
Okely, 2009; Plasqui et al., 2013). En la actualidad, y a pesar
de que éstos métodos indirectos siguen empledndose, los ace-
lerémetros (ACLs) han comenzado a ser utilizados con mu-
cha mayor frecuencia que los anteriores, fundamentalmente
desde el ano 2000 (Bornstein et al., 2011; Dollman et al.,
2009; Freedson et al., 2005; Kim, Beets, & Welk, 2012; Plas-
qui et al., 2013; AV. Rowlands, 2007a; Welk, McClain, &
Ainsworth, 2012). El objetivo principal de estos dispositivos
es cuantificar pardmetros de AF: tiempo total, intensidad y
frecuencia (Intille, Lester, Sallis, & Duncan, 2012). E1 ACL
resuelve los problemas de subjetividad, y ademds tiene como
ventajas, su reducido tamano, la facilidad de transporte y una
muy baja interferencia en la vida diaria; adicionalmente, po-
seen una alta capacidad de almacenamiento de datos (desde
dias a semanas), una gran precisién y la posibilidad de cuanti-
ficar la intensidad del movimiento (Butte et al., 2012; Freed-
son et al., 2005; Plasqui et al., 2013; A.V. Rowlands, 2007a).
Todo ello permite el registro objetivo de la carga asociada a la
mayoria de la AF realizada por nifos y jévenes.

En general, los datos apoyan la relacién entre la actividad
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fisica, la funcién cognitiva y el rendimiento académico. Por
otro lado, se observa un menor tiempo AF semanal durante el
fin de semana que durante dias lectivos (Aibar et al., 2013b;
Aznar et al., 2011; Godard, Romdn, Rodriguez, Leyton, &
Salazar, 2012; Kwon & Janz, 2012; Ramirez-Rico, Hilland,
Foweather, Ferndndez-Garcia, & Fairclough, 2013; Ann V
Rowlands, Pilgrim, & Eston, 2009). En base a ello, se des-
cribe el contexto escolar como un momento esencial para la
creacién de estilos de vida activos y saludables, especialmen-
te a través de las clases de Educacién Fisica (EF), recreos y
fuera del horario lectivo mediante las actividades extraes-
colares (Huberty et al., 2011; Kremer, Reichert, & Hallal,
2012; Martinez-Martinez, Contreras Jorddn, Lera Navarro,
& Aznar Lain, 2012; Meyer et al., 2011; Mota et al., 2005;
Ridgers, Stratton, & McKenzie, 2010; Ridgers, Stratton, &
Fairclough, 2005). Por lo tanto, el objetivo de este trabajo, es
analizar las recomendaciones de AF para nifios y adolescen-
tes; y en segundo lugar identificar los patrones de AF evalua-
da mediante acelerometria en escolares, resaltando los patro-
nes de movimiento en esta poblacién, lo cual podrd ayudar
como referencia para poder comparar resultados de estudios
futuros.

Material y métodos

Se revisaron los articulos originales en inglés y castellano re-
gistrados en las bases de datos MEDLINE/Pubmed y SciE-
LO, introduciéndose las siguientes palabras clave en sus mo-
tores de busqueda: “accelerometers”, “children”, “adolescents”,
« » o« » o« . e« . .
preschool”, “prescholars”, “physical activity”, “physical acti-
vity levels”, “recess”, “physical education”, “after-school”,
« > ol » L« » o«
school”, “high school”, “intervention”, “patterns”, “data
analysis”, “guidelines”, recommendations”. Se emplearon la
combinacién de las conjunciones “and” y “or” para un ani-
lisis mds concreto. Como criterios de seleccién adicionales,
se tuvieron en cuenta las investigaciones donde la edad de la
muestra de estudio oscilase entre 3 y 19 afios y que estuvie-
sen publicados entre enero del ano 2004 y mayo de 2013. Se
excluyeron los estudios de casos, conferencias, articulos en
prensa, editoriales, opiniones, asi como los articulos repeti-
dos. Fueron seleccionados un total de 98 articulos.

Resultados
Recomendaciones del nivel de AF.

La literatura refleja la importancia en el cumplimiento de las
recomendaciones de AF para mantener un estado saludable.
A continuacién, se detallan estas recomendaciones, que estdn
agrupadas por dreas temdticas y poblacién a la cual van des-
tinadas.

El nivel de AF varfa en funcién de la edad del sujeto, tipo
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de ejercicio y el contexto en el que se realiza (Strong et al.,
2005), por lo que es importante conocer las necesidades de
AF que debe tener un nifio a lo largo de su desarrollo. En las
edades seleccionadas en este articulo, se observa cémo se re-
comienda acumular un minimo de 30 min de AF estructura-
da y 60 min (incluso varias horas) de AF no estructurada, en
nifos de 0 a 3 anos (NASPE), 2002). Ademds, sugieren que
en la etapa preescolar (3 a 6 afos) acumulen al dia al menos
60 min de actividad estructurada y 60 min (incluso varias ho-
ras) de AF no estructurada. Estos valores irdn variando hasta
obtener 60 min/dia de AF a intensidad MV cuando se accede
a la Educacién Primaria y Secundaria (Godard et al., 2012;
Janssen et al., 2013; Martinez-Gomez et al., 2010b; Strong et
al., 2005; Tremblay et al., 2011; Verloigne et al., 2012; WHO,
2010). Estos valores se deben incrementar progresivamente
hasta los 90 min al dia de AFMYV, si se quiere prevenir en-
fermedades de riesgo cardiovascular (Andersen et al., 2006;
Jiménez-Pavén et al., 2013), independientemente del tiempo
empleado en el nivel sedentario (Ekelund et al., 2012).

Otros autores, proponen otras recomendaciones alterna-
tivas en caso de no poder cumplir los requisitos previamente
descritos. Por un lado Laguna , Herndndez, and Lain (2011)
y Pate et al. (2006), indican que se deberfa realizar al menos
un 50% de las recomendaciones de AFMYV (30 min) en el
entorno escolar y, por otro lado, para nifos y jovenes de has-
ta Secundaria realizar al menos 2 horas de AFMV semanal
(Janssen & LeBlanc, 2010; Janssen et al., 2013; Laguna et
al., 2011; Martinez-Gdmez, Welk, Calle, Marcos, & Veiga,
2009a; Martinez-Martinez et al., 2012; Moliner-Urdiales et
al., 2010; Ridgers et al., 2005; Strong et al., 2005).

Sin embargo, los estudios indican que la juventud no
alcanza los niveles de AFMV recomendables para la salud
(Aznar et al., 2011; Hallal et al., 2012). En relacién al cum-
plimiento de las recomendaciones, se observa que los jévenes
espafioles y europeos no suelen cumplir los 60 min diarios,
realizando alrededor de 51-58 min (Fairclough, Breighle,
Erwin, & Ridgers, 2012a; Martinez-Gomez et al., 2010b;
Moliner-Urdiales et al., 2009; Ramirez-Rico et al., 2013). La
prevalencia respecto al cumplimiento de estas recomendacio-
nes en la poblacién escolar espafiola y europea es atin baja. Se
observan valores que van desde el 20 al 60%, siendo mejores
estos valores en chicos (Aibar et al., 2013b; Aznar et al., 2011;
Janssen et al., 2013; Laguna et al., 2011; Martinez-Gomez et
al., 2011; Martinez-Gomez et al., 2010a; Martinez-Martinez
et al., 2012; Moliner-Urdiales et al., 2009). Del 35 al 51%
de la poblacién de 5 a 9 afos no obtiene un minimo de 60
min/dfa de AFMV. Este hecho se agrava atin m4s en edades
entre 10 y 12 afios y hasta los 17 anos, donde la prevalencia
disminuye hasta un porcentaje menor al 9% (Aznar et al.,
2011; Baptista et al., 2012; Laguna et al., 2011). En cuanto
al cumplimiento de que el 50% de la AFMV recomendada
se desarrolle en el colegio, se observan valores inferiores al

40% en la poblacidn escolar espafiola (Aibar, Bois, Generelo,
Zaragoza Casterad, & Paillard, 2013a). Ademds, se detecta
como el sobrepeso es un factor limitante para alcanzar estos
valores minimos recomendados (Godard et al., 2012; Lagu-
na et al.,, 2011; Ridgers et al., 2010; S.G. Trost et al., 2002),
lo cual es un dato preocupante ya que el sobrepeso tiende a
incrementarse en la etapa en Secundaria respecto a Primaria
(Tremblay et al., 2011).

Respecto a las diferencias de género, se muestra un grado
de cumplimiento entre el 55 y 70% en chicos y 24 y 61% en
chicas (Martinez-Gémez et al., 2009a; Moliner-Urdiales et
al., 2010). La realidad de los adolescentes espafioles no es muy
distinta: entre el 55 y 80% de los chicos y desde el 25 hasta
60% de las chicas si realizan la recomendacién de los 60 min
por dia (Martnez-Gémez et al., 2009b; Martinez-Gémez et
al., 2009a; Moliner-Urdiales et al., 2010).

Incluso con estos valores tan bajos, Strong et al. (2005)
indican que cumplir los 60 min de AF puede ser factible du-
rante la jornada escolar, especialmente en EF vy el recreo, de
manera progresiva, y en la medida de lo posible, que los jé-
venes sedentarios, aumenten gradualmente su AF hacia estos
niveles recomendados.

Nivel de AF en el contexto escolar y extraescolar

La jornada escolar ofrece oportunidades para aumentar los
niveles de AF (Fairclough, Hilland, Straton, & Ridgers,
2012b), especialmente durante las clases de EF y los recreos.
Se han descrito valores deficientes respecto a los niveles de AF
desarrollados en la escuela, y a la vez, poco esperanzadores en
el cumplimiento de las recomendaciones sobre la salud (Mar-
tinez-Martinez et al., 2012; Ridgers, Saint-Maurice, Welk,
Siahpush, & Huberty, 2011; Ridgers et al., 2005; Jonatan R
Ruiz et al., 2007). Se detallan a continuacién los patrones de
de AF escolar expresadas en porcentajes (Tabla 1), en las dife-
rentes etapas educativas. Respecto a alumnos preescolares, se
observan valores entre el 8 y 20% a intensidad MV, lo cual
equivale a 60-70 min a intensidad Moderada y alrededor de
20 min a Vigorosa (Grontved et al., 2009; Nielsen, Pfister, &
Andersen, 2011; Raustorp, Séderstrom, & Boldemann, 2012;
Van Cauwenberghe, Labarque, Gubbels, De Bourdeaudhuij,
& Cardon, 2012). En Primaria, Hoos, Kuipers, Gerver, and
Westerterp (2004) muestran un 25% a Moderaday un 19% a
Vigorosa. Estos valores son similares a los expresados en min
con preescolares (Metcalf et al., 2009; Nielsen et al., 2011) e
incluso superiores, entre 70 y 110 min (Godard et al., 2012;
Troiano, Berrigan, & Dodd, 2008; Wickel & Eisenmann,
2007). Respecto a la actividades extraescolares menos del
30% de los jévenes espanoles realiza AF durante su tiempo
libre (Lasheras, Aznar, Merino, & Lépez, 2001) y, sdlo el
33% de ellos acumula 60 min de AF en cinco dias o mdsala
semana (Janssen et al., 2005).
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Ademds, los niveles de AF también pueden incrementarse
durante las actividades extraescolares. Respecto a la contribu-
cién de cada una de ellas respecto al total, se observa como el
recreo y la EF contribuyen alrededor del 11-16% y del 16-18%
respectivamente; las actividades extraescolares proporcionan
alrededor del 55-70% del total AFMV (Meyer et al., 2011;
Ridgers et al., 2011; Tudor-Locke, Lee, Morgan, Beighle, &
Pangrazi, 2006; Wickel & Eisenmann, 2007). Teniendo en
cuenta el volumen, las actividades extraescolares parecen ser
las que mds contribuyen (Trost, Rosenkranz, & Dzewaltows-
ki, 2008), a pesar de que tienen mucha mayor duracién que
la EF y el recreo.

Nivel de AF en las clases de EF

La EF es considerada un periodo escolar que tiene el pro-
pésito de mejorar la salud a través de la AF (Fairclough &
Stratton, 2005). Se enuncia que cuando la EF no se realiza
de manera aislada, puede aportar niveles considerables de AF
junto a otras actividades, teniendo una repercusién positiva
sobre la salud y cumplimiento de las recomendaciones (Fair-
clough & Stratton, 2005). Por tanto, en base a las evidencias
halladas respecto a la salud, y al ser una AF dirigida, la EF
ha de ser un momento esencial para acumular AFMV diaria.
Diversos estudios inciden en el bajo nivel de AFMV desa-
rrollado en EF y la necesidad de aumentarlo para alcanzar
los valores propuestos en las recomendaciones (Kremer et al.,
2012; Van Cauwenberghe et al., 2012).

Se observa gran disparidad de datos en lo concerniente
a las intensidades y volimenes durante las sesiones de EF.
Por un lado estudios presentan tiempos de entre el 8 al 10%
(Martinez-Martinez et al., 2012), y en otros presentan valores
que flucttan entre 30 y 37% (Kremer et al., 2012; Meyer
et al., 2011; Van Cauwenberghe et al., 2012) a intensidad
MYV. La AF durante las sesiones de EF, contribuye entre un
12 y 16% a la AF desarrollada durante la semana (Meyer et
al., 2011; Wickel & Eisenmann, 2007). A pesar de que esta
contribucién no es muy notable cuantitativamente, varios au-
tores han destacado el rol de la EF. Fairclough and Stratton
(2005) enuncian que la EF no es la panacea para solventar los
problemas de la salud del alumnado, pero junto a otras acti-
vidades, puede ayudar para conseguir cumplir los niveles de
AF recomendados para la salud. Al respecto, se ha mostrado
una correlacion positiva entre la AF a intensidad desde MV
en EF y la AFMV semanal (Martinez-Martinez et al., 2012).
Este hecho tiene una importancia crucial desde el punto de
vista del profesorado y su papel de promocién de salud y AF
desde la EF.

Respecto a los valores presentados con alumnos de Pri-
maria y Secundaria durante 218 clases, Kremer et al. (2012)
han obtenido las siguientes intensidades: cerca del 1% a Muy
Vigorosa, 5% a Vigorosa y 27% a Moderada. Esto ofrece un
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intervalo entre 60 y 110 min de AF MV (Meyer et al., 2011;
Moliner-Urdiales et al., 2010). Sin embargo, son multiples
los factores que afectan a los datos segtin se considere etapas
educativas, género y edad fundamentalmente, por ejemplo,
se observa en torno a un 46% de intensidad MV en Secun-
daria, respecto al 33% en bachillerato (Troiano et al., 2008).
Esta heterogeneidad de valores entre colegios, podrian mos-
trar que estas diferencias tienen un origen multidisciplinar,
ya que podrian deberse a las caracteristicas del contenido tra-
bajado en EF o al hecho de que al ser una actividad dirigida,
la cual pudiese implicar que todos los alumnos la realizasen
a intensidades similares, motivaciones del alumnado respecto
al contenido, o el nivel general de condicién fisica de la clase.
Independientemente de estos factores, lo que si parece claro
es que en escolares espanoles, el tiempo en un nivel de AF
adecuado estd en torno a los 17 min (Martinez-Martinez et
al., 2012).

Nivel de AF durante recreos

Los estudios destacan que, los recreos proporcionan una gran
oportunidad de aumentar la AF para los alumnos menos
proactivos hacia la AF o con sobrepeso (Ridgers et al., 2011).
De esta manera y a pesar de ser una AF no estructurada, los
recreos son un momento importante para la realizacién de
ejercicio fisico en el entorno escolar. Durante el mismo, se ob-
servan valores de intensidad Moderada entre el 18 y 31% (40
min) y Vigorosa desde el 5 hasta el 18% (5-25 min) (Huberty
etal., 2011; Ridgers et al., 2011; Ridgers et al., 2010; Ridgers
et al., 2005; Stewart G Trost & van der Mars, 2010).

En este sentido, Ridgers et al. (2011) quienes indican que
a pesar de la poca duracion respecto al total del dia del recreo
(30 minutos al dfa, siendo alrededor del 4%), este contribuye
ampliamente a desarrollar la AF especialmente a intensidad
MYV, contribuyendo desde un 14 a 27% de esta intensidad
diaria; e incluso Stratton and Mullan (2005) consideran que
se puede conseguir el 50% de las recomendaciones diarias
durante el recreo. Los estudios indican que la AF durante
los recreos puede estar influenciada por motivaciones sociales,
facilidad, disponibilidad y acceso a material y espacios depor-
tivos (Ridgers, Salmon, Parrish, Stanley, & Okely, 2012a). Al
respecto, se han propuesto diferentes propuestas para inten-
tar mejorar los niveles de AF (Van Cauwenberghe, De Bour-
deaudhuij, Maes, & Cardon, 2012b). Asi, Verstraete, Cardon,
De Clercq, and De Bourdeaudhuij (2006) resaltan aspectos
para mejorar el volumen de préctica fisica durante los mis-
mos, como por ejemplo, el dotar al alumnado de material
para la AF. Otras propuestas podrian ser dibujar sefializacio-
nes para juegos y entrenar a los docentes para fomentar la AF
(Huberty et al., 2011).

Para finalizar, destacar el estudio de revisién durante
recreos propuesto por Parrish, Okely, Stanley, and Ridgers
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(2013), el cual invita a la reflexién para futuras intervencio-
nes. En el mismo, indican que el bajo niimero de estudios al
respecto y la falta de investigacién de calidad a nivel meto-
doldgico impiden arrojar resultados concluyentes. Los auto-
res recomiendan el uso de listas de control metodolégicas a
modo de guia durante la intervencion.

Diferencias de AF en el contexto escolar en funcidén del género

Ademis de los niveles de AF descritos anteriormente, diferen-
tes estudios analizan la influencia del sexo respecto ala AF, lo
cual es interesante conocer para poder generar intervenciones
en el futuro segtin las caracteristicas respecto al género. De
hecho, son multitud los estudios que muestran mayor nivel
de AF en chicos respecto a chicas (Aznar et al., 2011; Cheung,
2012; Dencker M Fau - Tanha et al., 2013; U. Ekelund et
al., 2004; Escalante, Backx, Saavedra, Garcia-Hermoso, &
Dominguez, 2011; Garcia-Artero et al., 2007; Godard et al.,
2012; Grontved et al., 2009; Kremer et al., 2012; Martinez-
Gobmez et al., 2009b; Martinez-Martinez et al., 2012; Niel-
sen et al., 2011; Riddoch et al., 2004; Ridgers et al., 2010;
Ridgers et al., 2005; J.R. Ruiz et al., 2011a; Scruggs, 2007;
Silva et al., 2010; Tremblay et al., 2011; Troiano et al., 2008;
Verloigne et al., 2012), y/o un mayor intervalo de tiempo a
intensidad recomendada (Baquet, Stratton, Van Praagh, &
Berthoin, 2007; Cheung, 2012; Dencker M Fau - Tanha et
al., 2013; Garcia-Artero et al., 2007; Godard et al., 2012;
Grontved et al.,, 2009; Kremer et al., 2012; Laguna et al.,
2011; Martinez-Gémez et al., 2009a; Martinez-Martinez et
al., 2012; Metcalf et al., 2009; Steele, Sluijs, Cassidy, Griffin,
& Ekelund, 2009; S. Trost et al., 2008; Verloigne et al., 2012;
Wilkin, Mallam, Metcalf, Jeffery, & Voss, 2006). Respecto a
los resultados, estas diferencias no siempre alcanzan grado de
significacién. Meyer et al. (2011), exponen que el género estd
significativamente asociado a la AFMV (p<0,001); no obs-
tante, otros estudios estos valores no alcanzan grado de sig-
nificacién (Martinez-Martinez et al., 2012). A pesar de ello,
los resultados de la mayoria de las investigaciones sugieren
la necesidad de reforzar los programas de intervencién que
fomenten la AF en chicas (Verloigne et al., 2012). Existen dos
lineas de actuacién a desarrollar, por un lado, llevar a cabo
programas de intervencién para las nifias inactivas, estudiar
su entorno social y fomentar su participacién principalmente;
y por otro, enfocada a los docentes de EF, los cuales deben
incidir en mejorar su percepcién respecto a la AF, estudiar
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las motivaciones y crear un entorno cooperativo y de apoyo
a las féminas (Kwon & Janz, 2012). El hecho de cumplir el
principio de coeducacién en EF es citado por varios autores,
en el cual los profesores deben cumplir los principios pedagé-
gicos de EF y crear un entorno propicio de AF para la mujer
(Fairclough & Stratton, 2005; Kwon & Janz, 2012). Ademds,
O’Connor et al. (2013) indican que el empleo de ACLs y GPS
podria dotar de mayor informacién en relacién al entorno
de prictica de AF y quizd entender los posibles factores que
limitan su préctica respecto a varones.

Programas de Intervencién Escolar

Los programas de intervencién para la promocién de la AF
escolar, estdn siendo una linea de actuacién en incremento,
dénde el uso de la acelerometria estd jugando un papel pre-
dominante para evaluar la eficacia de la modificacién com-
portamental de los mismos. Uno de los aspectos que mds
preocupan en los estudios de cardcter descriptivo, es que se ha
observado como las clases de EF y los recreos, no estdn tenien-
do una implicacién fisica suficiente, lo que hace necesario que
exista intervenciéon (Hoos et al., 2004; Huberty et al., 2011;
Martinez-Martinez et al., 2012; Ridgers et al., 2005; Steele
et al., 2009; Van Cauwenberghe et al., 2012). Verloigne et al.
(2012) manifiestan la necesidad de programas de prevencién
contra la obesidad en nifios europeos, enfocados en descender
el sedentarismo y aumentar los niveles de AF, especialmente
para nifas. Al respecto, se muestran cémo programas de in-
tervencién en chicas ofrecen datos esperanzadores durante la
jornada escolar, produciendo incrementos en la AF (Russell
R Pate et al., 2005). En relacién a esto, un estudio de revisién
con nifos entre 5 y 18 afios (Parikh and Stratton (2011) des-
tacan que entre los estudios de intervencién, se observa una
disminucién de la adiposidad y el aumento de la capacidad
cardio-respiratoria en la mayoria de los estudios. En estudios
de intervencién en Primaria se reportan incrementos signifi-
cativos en la AF (Ruiz et al., 2007). Concretamente, Huberty
et al. (2011) a través de un programa de 6 meses de dura-
cién que fue realizado durante los recreos y una formacién
del profesorado relacionado con la EF, muestran un 18% de
actividad Moderada en el Pre Tratamiento, y un 31% en el
Post; respecto al nivel Vigoroso, este incrementd desde un 7%

hasta un 17% (Tabla 1).
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Tabla 1. Niveles de Actividad Fisica

Fernando Calahorro Carada et al.

Autor n Edad P.o’bla— Aceleré- COI(,): ias  Epoch Niveles de AF Puntos
ci6n  metro ca-cién de Corte
Chicos: AF S: Chicas: AF S:
Ekelund De 9 CSA DS 61,8+9,7% AF L: 65,3+8,3% AF L: Propues-
etal. 1292 1‘“‘0 P WAM ~ CD 2DFSY 26,115,8% AFMYV: 26,045,5% AF MV:  tos por los
(2004) a 7164 12,05,6% AF V: 8,7+4,2% AF V: autores
6,0+3,6 3,9+2,5%
Propues-
Hoos et De 8 3X Trac- ero mcos V7 100
al. (2004) 20 29 P ot 2. E 14D 60seg L:56% M: 25% V: 19% tos por los
autores
Mota et De 8 CSA
. _ 0, _—
al. (2005) 22 210 P 7164 1X CND 3DS 60seg AFMV Recreo: 30-40%
Rideers et Des Actigraph Recreo Chicos: AFM:  Recreo Chicas: AF M: Nilsson et
1 é% 3; 28 MTI CD 1D Sseg  25-30% AFVi<5%AF 20-25% AF Vi <del 5% (S;‘S 026)
o : 7164 1X MV: <5 % AFMV: <5 % o
Pre Test Recreo: AF L
GC:43.20422.43% AF Pre Test Recreo: ?F L
M GC 41.10£18.99% GI: 42,10+28,29% AF
T M GI: 41,05+22,74%
AFV GC AFV GL
0 :
Verstrae- De 10 Actigraph 1(?,(?2;179,;32/;121;;\/1\7 15,53+18,40% AF MV Trost
te et al. 235 lel P MTI CD 1D 60 seg P t.T ,t R_ r’ AOF L GI: 56,58+29,37% Post et al.,
(2006) : 7164 1X oL o eeo Test Recreo AFLGL: (2002)
GC: 54,54+26,37% AF
45,82 +24,93% AF M
M GC: 33,90+21,14%
GI: 45,16+21,55% AF
AFV GC: 9,57+17,10%
AFMY GC: V GI: 8,24+15,29% AF
° . 0,
43,47£27.62% MV GI:53,40+25,63%
. GTIM
Wickel et 119 De 6 P ActiG C DS 30 AFMYV Deporte 23% AFMV EF: 11% AFMV i
al. (2007) al2 craras € Recreo: 16% -
ph IX
Pract et al Actigraph
(;805 T4ss 12 P MTI CD 6D  30seg AF S:56% AF L: 41%
7164 1X
Cirolntved 146 De 3 P Actigraph cD sD 16 Chicas AFMV: 15,6+4,7% Chicos AFMV: Pate et al.
(ez 50'9) a6 ' 7164 € 19,9+5,7 Total AFMV: 17,625,6 (2006)
ChiC}ZS pes? X%I—S- Chicas peso normal
mal Kecreo: ’ Recreo: AF S: 41,8+19,7
33,6+19,8 AF V:
AF V: 17,3+13,7 AF
. . 24,2+16,1 AF MV: .
Ridgers et 98 De9 P Actigraph C 3DS S 66.4£19.8 Chi MYV: 58,3+19,8 Chicas B
al. (2010) al2 7164 1X 58 sok,)re_pes)o Rec::; sobrepeso Recreo:
AF S: 37,7+16,7 AF éF 152 561;321% ‘;AFV_
V: 19,6+11,1 AF MV: 4é 64-’19_4) ’
62,3+16,7 T
Recreo: Pre Test: AF Jornada escolar: Pre
H“kl’erty o3 De8 ST.IGM DS s M: 18,1% AF V: 7,2%  Test: AF M: 4,9% AF
E:Zt(?l.l) all }cltllxra— o 58 Post Test: M:31,2% AF V: 1,6% Post Test: M:
P V: 16,8% 9,1% AF V: 2,6%
MTI/
CSA 7164 Ekelund
l\fez';éfl‘) 676 fg da p yGTIM C 47D 1650y EF MV: 32,8+15,1% etal.
- Actigraph 58 (2004)
1X
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Autor n Edad P'o,bla— Acelerd- COI(,): Dias Epoch Niveles de AF Puntos
cién  metro ca-cién de Corte
Chicos: S: 34,8+16,8% Chicas: S: 47,2+ 14,6%
Rigders et De 8 GTIM , L: 16,42 4,8% M: 31¢  L: 177 4,6% M 23,8 - reodson
210 P ActiGra-  Cint 7D 5seg etal.
al. (2011) all h1X 10,8% V: 17,8+ 10,9%  8,4% V: 11,4+ 7,8% (1997)
b MV:48,8+ 17,4% MV: 35,2+13,6%
Ruiz et al De 12 ActiGra- Total AF S: 71% Chicos AF S: 70% Chicas AF Trost et al
oy 220 L1y Eth;ﬁ e /D 15seg g g0, (2002)
Total:
Atlhilsan 315 De 3 p ActiGra- sps 15 S: 74,2+9,3 Pate et al.
fz 8‘1'2) as  ph MTI 8 1.18,6+4,8 (2006)
MV: 6,4+3,4
. Des- ActiGra- ) o ] o 20 ~ Ekelund
Cier(c;{(l)llgg 100 de10 S ph MTI  CD 10D 60 seg 14\205 75,3% AF L: 16,8% AF M: 3,7% AF MV: etal.
& a 16 GTIM 70 (2004)
Kiemeree ) deld o AciGra . 218 AFS:22,6%AF L 447% AF M: 26,7% AF V- Propucs
al. (2012) a1s 7Y phGTIM ™ CEF 7% 519 MV:0,8% tos poros
autores
Martinez-
Martinez De 11 ActiGra- Andersen
32 P CD 7D 30seg EF: AF S: 83% AF L: 8% AF MV: 9% etal.
etal. al2 ph GTIM
(2012) (20006)
Van Van
C de s GTIM 35 AF S:53,7+13,8% AF L: 13,3+5,9% AF C )
AWER 573 90 pre ActiGra- CD 15seg  M: 13,4¢5,1% AF V: 19,6£9,5% AF MV: auwen
berghe et a6 b 1X CEF 33.0412.1% berghe et
al. (2012) P S al. (2011)
Chicos AF S interior:
89,5+3,8% AF S exte-
rior: 73,6+10,3% AF L
. . interior: 8,5+3,0 AF L:
;;0;113 I;(l; SAllrzltSerlor. exterior: 18,6+6,5% AF
12 >. 705 2495 AF L MYV interior:2,0+1,5%
Raustorp GTIM extertor: /2,225, AF MV exterior: .
De 4 . . interior: 8,5+2,6% AF . Sirard et
et al. 50 6 Pre ActiGra- Cint 5D 15 seg L: exterior: 17.646.1 AF 7,5+6,3 Chicas AF S 1. (2005)
(2012) ! ph 7164  CXICHON: 1,055 interior: 89,1+3,8 AFS

MYV interior: 2,3+1,7%
AF MV exterior:
7,3£5,7%

exterior: 76,8+10,1 AF
L interior: 8,4+3,0%
AF L: exterior:
16,1+5,9% AF MV in-
terior: 2,7+1,8 AF MV
exterior:7,0+5,3%

AF: Actividad Fisica; CLF: Clases de Educacién Fisica: EF; GC: Grupo GC; GI:: Grupo GI:; seg: Segundos; S: Intensidad Sedentaria; L: Intensidad Ligera; M: Intensidad
Moderada; V: Intensidad Vigorosa; MV: Intensidad desde Moderada a Vigorosa; Pre: Preescolares; P: Primaria; S: Secundaria; 1X:Uniaxial; 3X:Triaxial; C: Cadera; CD:
Cadera Derecha; CI: Cadera Izquierda; E: Parte baja de Espalda; Cintura: Cint; CND: Cadera no dominante; D: Dias; DS: Dias semanales; DFS: Dias Fin de semana.

Conclusiones

Se observa como existe un consenso en cuanto a las recomen-
daciones de un minimo de 60 min/dia de AFMYV en la pobla-
cién escolar. Se evidencia un preocupante incumplimiento de
las mismas en todas las etapas educativas, siendo mds acen-
tuada en adolescentes.

Las clases de EF y los Recreos, se focalizan como momen-

tos importantes para el incremento de los niveles de AF en
el contexto escolar, aunque actualmente, contribuyen escasa-
mente a los niveles determinados como saludables. Las nifias
presentan niveles de actividad fisica inferiores a los desarro-
llados por los nifios, lo que sugiere la necesidad de promover
de manera especial la AF en el género femenino.

Se concluye que los estudios en el futuro deberian ir en-
focados a la incipiente linea de actuacién orientada a generar
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programas de intervencién que ayuden y colaboren a incre-
mentar los niveles de AF determinados en esta revisién.

Aplicaciones pricticas

La acelerometria se presenta como una herramienta objetiva,
sencilla y préctica para cuantificar y conocer de una mane-
ra mds detallada los niveles y patrones de AF con escolares.
El ACL permite evaluar la AF con una gran precisién y la
recogida de grandes volimenes de datos; esto ha ampliado
las posibilidades de andlisis pero también la necesidad de un
conocimiento mds profundo. Por otro lado, hasta la fecha, la
utilizacién de los ACLs ha permitido una mejor definicién
de las recomendaciones de AF para nifios y adolescentes, sin

Fernando Calahorro Carada et al.

embargo, parece que después de analizar los estudios trans-
versales, la mayor parte de los escolares (entre el 20 y 60%) no
cumplen estas recomendaciones de AF saludables. Ademis,
el tiempo de préctica durante el contexto escolar es todavia
insuficiente, y aunque ayuda reunir las recomendaciones, po-
dria optimizarse atin mds. A partir de estos datos, los inves-
tigadores pueden reflexionar sobre la necesidad de intervenir,
ya que como se ha observado, existen muchisimos estudios en
la dltima década orientados a describir lo que ocurre. De esta
manera, las intervenciones en el contexto escolar se apuntan
como una solucién para resolver este problema, aunque por
el momento existe una cantidad limitada de estudios a largo
plazo donde se confirme un cambio sostenido del volumen y
patrones de AF de los escolares.
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Abstract:

Several findings have indicated the importance afdemate and vigorous physical activity
(MVPA) to improve maximum oxygen uptake (YRy. Physical education classes (PE) are
considered a school period which aims to engageimeréase physical activity (PA) levels.
However, there are few PE data that confirm if ¢hB# levels are associated with ¥Q. We
described PA and its association with ¥gin 150 school-aged fronf%o 12 grade.

A linear regression model was carried out to veaisociations betweeO,max and PA
intensities.During PE, the group with a healthy YQx engaged in higher MVPA (8.7 vs 5.7
min; p < 0.00)), total PA (20.4 vs 14.3 mimp < 0.001)and better % of PAp(< 0.01; p< 0.00)
than unhealthy subjects whereas no significaneifices where found between sexes during
PE. PA levels in PE displayed higher associatiomis MO,max cOmpared with other periods. The
linear regression model for \iQ. revealed that age, total sedentary time, BMI aate@nd
moderate PA were inversely associated whereasougdPA in PE was positively associafed

= 0.0484;p < 0.001). During PE, no statistical differences were foundween genders;
however, great differences were shown between theahd unhealthy participants. Main

predictors of VQnaxWere age, total sedentary time and BMI category

Key Words: adolescents, children, physical activity, physedlication and training, schools.
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Main Text

I ntroduction

Physical education classes (PE) are consideredh@ok@eriod which aims to engage and
increase physical activity (PA) levels, which comda with others activities would be a valuable
contributor and meeting recommendations of moddmtggorous PA (MVPA) (Fairclough &
Stratton, 2005; Martinez-Martinez, Contreras, L&&znar, 2012) Although PE and PA have
been assessed over the last years in order to meed®ir impact on health, less is known
regarding the influence of PE in improving healtithwndependence of the total daily MVPA.
Maximum oxygen uptake (V&) is an indicator of cardiorespiratory fithess (QRInd the
most important variable of healthy physical cormiti which has a positive influence on
children’s health (Ottevaere et al., 2011). Previfindings reported PA can modify CRF during

youth preventing obesity, diabetes and cardiovascigk factors (Carnethon et al., 2003).

With aged-children has particular relevance thedss regard of PA intensity, so both vigorous
and hard PA have been positively correlated wittFGQRenton et al., 2013)On the contrary,
exceeding 69% of non sleeping hours in sedentadyremt meeting health recommendations
were correlated with significantly lower levels ¥O2mnax (Martinez-Gomez et al.,, 2011).
Moreover PA levels do not decrease adverse eftdctedentary time (ST) on CRF (Santos et
al., 2013). These findings are important in regzfrthe role of PE teachers promoting a healthy
lifestyle from PE to outside school activities. Jiparadigm concerning PE would improve CRF
with independence of total daily MVPA. Since, ies®s interesting to elucidate the role of PE on

health and whether the most active students in &€ hlso higher CRF than others less active.
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Thus, the purpose of this study was to describedeng PE; and its association with CRF in

primary and secondary school students.

M ethods

Participants

150 healthy children and adolescents frdfn-3L3" school Spanish grades were recruited from 8
elementary and high schools from Spain (Malaga,n€Feand Jaen regions). Detailed
information about procedures was exposed to pammisconsent to participate was obtained
prior to participation. All procedures were in aatance with the ethical principles from
Helsinki declaration (Association, 2000) and appvby the Ethical Committee of the

University of Malaga, Spain.

A total of 668 acelerometers were worn. Consideloisgydata device, lost device and not
meeting Troiano, Berrigan, and Dodd (2008) recondagans, 282 ACLs were considered as
valid data. Regarding CPX-T, 503 breath-by-breasitstwere performed. From those, 418
hundred eighteen were considered valid (85 weieadied because of telemetry errors, non-
valid data or technical issues). Additionally, onhildren with at least one-day of PE class
registered in the ACL were selected (150 partidipamet the criteria for ACLs and 132 for

ACLs and CPX-T with CRF status).

Accelerometry
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Actigraph GT3X monitors were used to measure PAi¢daph, Pensacola, FL, USA), which
collects motion data on 3 orthogonal axes, which veported reliability to quantify PA (Santos-
Lozano et al., 2013). Participants wore accelerersgACLS) next to the right hip (Evenson,
Catellier, Gill, Ondrak, & McMurray, 2008) and fased with an elastic belt. Data was collected
with 1 s epoch as previous studies with childrefwben 5 and 16 years (Santos-Lozano et al.,

2013), to accurately capture patterns of high isitgrand short duration PA.

Students were instructed to wear the ACLs for 7le/lconsecutive days (5 week-days and the
whole weekend)except duringvater activities or while sleepir(@rost, Mclver, & Pate, 2005)
Information about activities during school (9.00 Avd 2.00 PM) and the rest of the day
(between 2.01 PM and 12.00 PM) were recordedear-time of> 10 hours/day for 5 days
was used as the criterion for a valid measurenm@oigno et al., 2008). The cut-off points
proposed by Evenson et al. (2008) were used: SageRA< 100; Ligh PA> 100; Moderate PA

> 2296 and Vigorous PA 4012 countgnin-1.

Cardiopulmonary exercise tq&€PX-T)

The Chester Step Test was selected as CPX-T, whahalidated incremental five-level step
test (Sykes & Roberts, 2004). It consists of gaipgand down in a bench (from 32 to 52 cm) at
a pace set by a signal sound progressively spagulddring five levels. All children engaged a
previous test and they were reminded briefly whattearequired to do. Later, they were
encouraged until exhaustion and the test was tatedneither by the subject (because of

dyspnea and/or leg fatigue) or by the supervis@mithe student was unable to maintain
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properly the cadence for 15 seconds (De CamargtindyDe Andrade, Malaguti, & Dal Corso,

2011).

VOomaxWas assessed using a portable breath-by-brea#ibatietunit (Metamax 3B, Cortex
Biophysic, Leipzig, Germany) while performing CPX-TThe gas analyzers were calibrated using
as references the room air and a bottle of knoyan@ CQ concentrations (5.0% G015.0%

05). Volume calibration was conducted with a threerlvolume syringe (Calibration syringe D,
Sensormedics Hans Rudolph Inc 5530) each testing ldaart rate was also collected using a

Polar Tearh(Finland) stored every 5 seconds.

Statistical Analysis

Sample was split into a binary variable accordm@MI categories (normal weight,
overweight/obese) according with international afis- (Cole, Bellizzi, Flegal, & Dietz, 2000)
Additionally, sample was classified as “High / HaglVOomax' (H) or “Low / Unhealthy

VO:2max (UH) according to sex and age-specific referentmschildren between 10 and 18
years cut-off point criteria reported in Welk aneiddith (2008). (Adegboye et al., 2011)
classification was used for students under 10 y@arew variable was created (square root of

vigorous PA in PE) in order to transform into amat distributed variable.

The Kolmogorov-Smirnov test was used to confirnoa parametric distribution of the
variables. U of Mann-Whitney was conducted for cangons of PA variables, sexes and CRF.

A Spearman’s correlation was carried out to anadgaeciations betwedO,yax and PA
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intensities among different periods registered efagal linear model was conducted to confirm
factors that determine PA in PE, after controllfogtotal physical activity (TPA) without PE.
Additionally, interactions betweeviO,maxand light, moderate and vigorous PA levels in R& a
total ST, age and BMI category were analyzed. Kinallinear regression model was performed
to detect the strength of associations betWwé®paxand PA intensities after controlling for

age, total minutes of MVPA and ST. The level ohgigance was set at$0.05 for all the tests

with statistics software SPSS (v. 20.0).

51



Results

Table 1. Descriptive characteristics of the sample.

Girls Boys
Total (n=66) (n=84) _
(n=150) Sig.
Mean SD Mean SD Mean SD
Age (years) 13.0+ 25 131+ 2.4 13.0+ 2.6
44% 56%
NW (%) 68.7 68.2 69.0
Healthy Status (%) 51.9 36.2 63.5
BMI (kg/n?) 202 £ 3.8 19.9+ 3.7 204+ 3.8
VOamax (mi/kg/min) 40.8 10.2 36.4%+ 9.2 443+ 9.6 i
Sedentary (min/day) 858.4 + 299.6 1120.6 192.4 652.4 185.7  ***
MV (min/day) 48.9 £ 20.0 49.0+ 18.6 48.8%+ 21.1
Total PA (min/day) 149.0 + 52.4 141.9+ 40.5 154.6+ 59.8
PA Rec (%) 33.30 30.3 35.7

BMI: Body Mass Index; NW: normal weight/O2max Maximun Oxygen uptake; MV: Moderate to

Vigorous; PA: Physical Activity (Light + Moderate\tgorous); PA Rec: Meeting PA Health 60 min

Guidelines; ***: p<0.001

Participants displayed on average a normal weghgalthy status and a low compliance of meetiradfihguidelines with poor

levels of MVPA. Besides, main differences betweexeswere VQmax(44.3 vs. 36.4p < 0.001) and ST652.4 vs. 1120p < 0.001).

All this values were remarkably low, especially amgairls compared to boys.
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Table 2. PA levels between genders and healthsetsurindPE

PE

Total (n=150) | Girls(n=66) Boys (n=84) Sig. UH (n=64)  H (n=68) Sig.

Mean SD |[Mean SD Mean SD Mean SD Mean SD
Sedentary (min/day) 40.8 + 12.1] 43.1 +115 39.1 + 124 465 + 106 36.8 + 11.1 ***
Light (min/day) 102 +6.1 | 9.1 55 110 %65 86 +64 116 +5.7 =
Moderate (min/day) 35 +26 | 32 25 38 27 29 +24 39 +24 @ **
Vigorous min/day 40 +33]| 35 +£31 43 =35 28 +29 49 +35
MV (mn/day) 75 55| 6.6 =52 82 57 57 +49 87 +54
Total PA  min/day 17.7 +10.7] 158 +9.7 19.1 £11.2 14.3 + 102 204 + 10.3
Sedentary (%) 70.0 +184| 729 +17.2 67.7 +19.1 76.3 + 169 65.0 + 17.0 ***
Light (%) 174 =104 15.7 9.6 18.6 *£109 14.2 + 107 20.0 + 9.4
Moderate (%) 60 44| 54 42 64 45 48 +40 66 +39
Vigorous (%) 6.7 £59| 60 =55 73 6.1 47 +4.8 84 +6.1
MVPA (%) 127 £96 | 114 £9.2 137 =98 94 +82 150 +0.1 =

PE: Physical Education; MV: Moderate to Vigorous; Physical Activity (Light + Moderate + Vigorous)*: p<0.01; ***: p<0.001.

PA differences in PE between both CRF groups andeys were displayed in table 2. No differencesvieund between boys and
girls. Nevertheless CRF statuses revealed diff@mcall variables displayed. UH participants waiee sedentary (46.5 vs. 36.8
min/day and 76.3% vs. 65.0%<0.001) during PE whereas H students engaged ngbite(11.6 vs. 8.6 min/day and 20.0% vs.
14.2%; p< 0.001), moderate (3.9 vs 2.9 min/day and 6.6%4 8%0; p< 0.01), vigorous (4.9 vs. 2.8 min/day and 8.4%4v§%; p<

0.001) , MVPA (8.7 vs. 5.7 min/day and 15.0 vs $.4;0.001) and TPA (20.4 vs. 14.3 min/day and 15.09®w ; p< 0.001)
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Table 3. Spearman’s Correlations among¥and PA intensities.

VO2max
e TR oavOFTHE DAY DAY
WEEK
IMC (kg/n?) o,i7o *
Sedentary (min/day) O,é99 k0,398 ***  -0,379 *** -0,377 *** -0,380 ***

Light (min/day) 0,275 *** 0,208 * - - -
Moderate (min/day) 0,227 ** 0,226  ** - - -
Vigorous (min/day) 0,345 *** 0,224  ** - - -
MV (min/day) 0,302 *** 0,215 * - - -
Total PA (min/day) 0,283 *** (0,221  ** - - -

Sedentary (%) Oél4 oxo-0219 * -0,376 *** -0,369 ** -0,373 ***

Light (% 0307 *»* -0,308 *** 0,33 ** 0,339 ** (0,338 ***
Moderate (%) 0,255 **  -0,209 * 0,308 ** 0,311 ** 0,314 ***
Vigorous (%) 0,367 *** - 0,210 * 0,196 * 0,228  **
MV (%) 0,319 *** - 0,305 ** 0,305 ** 0,322 ¥

BMI: Body Mass Index; V@,.« Maximun Oxygen uptake; MV: Moderate to Vigoro&#: Physical Activity (Light +
Moderate + Vigorous); *: §0,05; **: p<0,01; ***: p<0,001

Table 3 showed significant associations betw®pnaxand PA for all periods analyzed. However, PE
was where higher associations were observed. T¢tecbgelated variables in this school period were

ST (-0.399) and vigorous time (0.345) min/dgy< 0.001).
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Table 4. Linear regression models predicting

VOmaxfrom ACL variables, BMI and age.

VOomax Variables p Sg SEE R
Constant 69.885 4.497
Step 1 0.250
Age  -2.167 0.330
Constant 80.242 4.437
Step 2 Age  -2.111 7 0.297 0.400
TSed -0.013 0.002
Constant 84.599 4,610
Age  -2.326 7 0.300
Step 3 0.433
TSed -0.013 0.002
BMICat -4.198 ~ 1.530
Constant 77.711 5.447
Age  -2.079 7 0.314
Step4 TSed -0.0137 0.002 0.456
BMICat -4.323 ~ 1.506
VigPA 1753 °~ 0.768
Constant 77.013 5.334
Age  -2.070 7 0.307
TSed -0.0127 0.002
Step 5 . 0.484
BMI Cat -3.716 1.491
VigPE 4.350 7 1.251
Mod PE -1.299 © 0.500

VO,max Maximun Oxygen uptake; BMI Cat: BMI

Category; T Sed: Total Sedentary Time; ¥0p05; **:

p<0.01; ***: p<0.001.

Regression analysis explained 50%/Gi,max variability after controlling for total MVPA; bem

age  =-2,070; p< 0.00)), total ST (B = -0,012; p< 0.00), BMI category(p = -3,716; p< 0.05

and moderate time in BB = -1,299; p< 0.0]) inversely associated. Conversely vigorous time in

PE was positively and significantly associated Wipmax (B = 4,350; p< 0.001).

55



Discussion

We assessed the PA levels during PE and assodatid®A levels with CRF. Kin findings
were: PA levels were different during PE betweerFGRituses; an@RFwas associated with

age, BMI, ST and MVPA in PE.

Subjects met poorly the current recommendationsComén/day of MVPA (Table 1), which is
reported in this population (Aznar et al., 2011;rifeez-Martinez et al., 2012); suggesting that
MVPA values are low but similar to Spanish studeBtadents” weekly results of ST showed
that boys were less sedentary than girls, whiah lisie with Portuguese and Spanish (Baptista et
al., 2012; Martinez-Gomez et al., 201Ey)idence revealed longitudinal inverse relatiopsbi
ST and VO;nax (Chinapaw, Proper, Brug, van Mechelen, & Singh1l1)0 as well as is
underlined that exceeding 70% of waking hours loW&smax (Martinez-Gomez et al., 2011).
These were similar to our results, where UH anl$ gipent more ST and had lower ¥k than
other studentgrinally, ourgeneral lineal model showed none interaction betwksly ST and
ST in PE, which meant that both periods acted iaddpntly onVO,max This fact mean that
being at a sedentary level in PE do not let engadiigher PA intensities (associated with
VO2may and the deleterious influence of ST out of schmoNO,max This fact was similar to
studies which revealed thBA levels did not overcome the adverse effectsigi ST on CRF

(Santos et al., 2013

PA levels during PE was similar for both gendersjolv was supported previously (Sarkin,
McKenzie, & Sallis, 1997). Additionally, a signifiat positive association was addressed

betweenweekly MVPA and MVPA in PEMartinez-Martinez et al., 203,2¢hich meant that the
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more MVPA accrued in PE, the more MVPA engagedidetschool and vice versa. Due to
reasons exposed, PE might be a cornerstone forgbirogna healthy lifestyle Moreover,
differences in PA during PE were noticeable regagdCRF status (g 0.01; p< 0.001), which

may confirm the actual utility of PE.

PA levels” associations on i revealed the importance of PA during PE, becaussetlevels
were highly correlated compared to other perioo®(tveek, day without PE, day with PE and a
usual day of the week (Table 3he main predictorfor VO, max Were ageBMI category, and

total ST. The regression model predicted 48.5 ¥hefariability of the/Ozmax Which is in line

to the heritage oVO,maxissued (Bouchard et al., 1998egarding age, would lx@appropriate

to report changes MO2max per kilogram of body mass; because these diffeenould be
confounded by the growth-associated changes in bads (Teran-Garcia, Rankinen, &
Bouchard, 2008), especially among girls acrossesdeince, whereas in boys this changes in
VO2omaxWere more stable (Bouchard, 1997). Secondly, lhatdlgas been negatively associated
with CRF among schoolchildren (Ostojic, Stojano@tgjanovic, Maric, & Njaradi, 2011),

which explained our negative influence of BMI caiggonVO;max

Moderate intensity ranges from 3 to 6 METs (Fread8&elanson, & Sirard, 1998); therefore, it
might be speculated that sample’s méderatentensity varied from 27 to 47% of th&O2max
workload; whichwould be considered as an insufficient stimulu®/@awmax, because the PA
intensity varied from 27 to 47% of thafO,naxworkload at moderate intensityith animals,
vigorous (85-90% 0¥ O,may compared to moderate intensities (66-70%Obmay provided 71
to 28% of improvement respectively ¥®.max €liciting significantly higher benefits and

demonstrating that those adaptations are intedgipendent (Kemi et al., 2005). Among well
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trained runners, who have been reported to regtat@au inVO,max high intensity training
programs has enhanced those values devel@Bitigt, Demarle, Paiva, & Koralsztein, 2002;
Smith, Coombes, & Geraghty, 2003; Smith, McNaugh&Marshall, 1999)Although vigorous
and moderate intensities are often recommendeduadl effective, reviews refuse that fact,
highlighting the particular importance wfjorous PA orWO,max With school-aged subjects
(Dencker et al., 2007; Ortega, Ruiz, Castillo, &8jom, 2008; Ruiz & Ortega, 2009). Authors
emphasized on vigorous PA (9 METS) as an optimueamto maintain or improve CRF rather
than lower intensities, such as light and moddpP&tewhich were inversely correlated in both
genders and boys respectively (Denton et al., 200t8) reasons indicated that spending time in
lower intensities was detrimental for health, bot Iny itself, it was because represented a lack of
more vigorous PA; which was very similar to ourules where more PA in PE does not
decreased CRF, however low levels of PA intensityndt allow engaging a higher intensity.
Furthermore, PE is a punctual period with a shegkly time where moderate PA may act

differently from daily/weekly moderate PA.

Current key findings indicated no statistical diffieces were found regarding genders during PE,
but these differences were remarkable between HJ&hdcholars. Concerning the prediction of
VO2max age, total ST, BMI category were the main prextgtMoreover, data suggested that the
behaviour conducted in PE is relevant, the advicellsl aimed t@encourage angromotehigher

PA intensity (> 6 METSs) because of negative effaaftéower intensities on CRF. Previous
implications may be of vital importance for futyrelicies and health promotion with school-

aged subjects.
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Resumen:Se ha observado como la literatura resalta la itapora de la actividad
fisica en la edad escolar. El presente estudigtesal pretende, por un lado, conocer
los niveles generales de practica de actividaddfide la poblacidn escolar y el grado de
cumplimiento de las recomendaciones de salud;nytpo lado, estudiar de manera
fraccionada la practica de actividad fisica enrdifiees momentos de la semana, para
determinar la contribucion de cada momento a i@idat fisica desde moderada a
vigorosa, tomando de referencia tanto el volumediaéo (min/dia), como el volumen
por hora (min/hora). Se seleccionaron 136 escomeaiioles entre 8 y 20 afnos,
empleandose acelerometros triaxiales para evaluaivel de actividad fisica durante
una semana. La mayoria de participantes presenareles bajos de actividad fisica,
siendo también reducido el porcentaje de los qugtian las recomendaciones de
salud en relacién a la practica de actividad fisicpesar de ello, se detectaron
momentos que proporcionaban una contribucién etedadactividad fisica de
moderada a vigorosa por unidad de tiempo, comduaazion fisica y el recreo. Estos
resultados podrian ser relevantes para futurosliestde intervencion, asi como para el

establecimiento de estrategias y politicas de peoinale la actividad fisica en la

poblacion escolar.

Palabras clave:nifios, acelerometro, escuelas, educacion fisicdargreamiento,

adolescentes.
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Abstract: Several papers focused on the importance of pHyesitizity during school
ages. The objectives of this paper are two: toridesphysical activity patterns among
school-aged subjects and the prevalence of meghipgjcal activity guidelines; and
secondly to describe the contribution to total nmatketo vigorous physical activity,
from two points of view: taking into account thelwme of daily physical activity
(min/day), such as the volume per hour (min/holing study compared 136 Spanish
scholars aged 8 to 19 years who wore a triaxiard®er to measure physical activity
along different moments during a whole week. Mdstholdren show a low level of
physical activity, not meeting physical activitydtid guidelines. In spite of those low
levels, there are activities, such as physical atiloic and recess, which provide high
moderate to vigorous intensity per hour. This mighessential for futures

interventional studies, policies and promoting ékisids of activities.

Key words: Children, Accelerometer, Schools, Physical Educatind Training,

Adolescent.
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Analisis fraccionado de la actividad fisica desarrtada en escolares.
La importancia de la Actividad Fisica (AF) duralaénfancia y adolescencia, asi como
sus efectos preventivos sobre la salud han siddiammgnte descritos. Existen
evidencias que indican que la AF esta asociadarerasos efectos positivos sobre la
salud en niflos y adolescentes (Andersen et alg)208 AF parece jugar un papel
importante en la prevencion de enfermedades caslioNares, incidiendo ya desde las
primeras edades hasta la adolescencia, y reflegérelola edad adulta (McGill et al.,
2000). En relacion a ello, varios autores indicae gs muy recomendable controlar el
tiempo semanal destinado a la practica de AF asidades desde Moderada hasta
Vigorosa (MV) para la prevencion de enfermedadiesi@adas con la salud y la
obesidad (Andersen et al., 2006; Huberty et all, 120
En base a estas aportaciones, diferentes estudigmgizaciones han establecido un
valor de al menos 60 min/dia 0 mas de AFMV durtadetapas educativas de
Primaria y Secundaria con el fin de garantizaalagen esta poblacion (WHO, 2010).
A nivel general, los estudios indican que los j@sgeno alcanzan las recomendaciones
de salud respecto de AFMV y ademas, la prevalatecia inactividad fisica respecto a
las recomendaciones aumenta de Primaria a Secarfdanar et al., 2011). Conocer el
patron de AF, niveles de AF y su variabilidad, pdsara orientar de manera mas
acertada estrategias de promocion de la misma téuesprimeras etapas educativas.
A lo largo del dia y de la semana, existen variosmentos en los que se puede practicar
AF, cobrando especial énfasis, en la infanciaadi@lescencia, el contexto escolar, el
cual ofrece buenas oportunidades como lugar deqaridm de la AF (Martinez-Gomez
et al., 2013; Ridgers, Saint-Maurice, Welk, SialijpuésHuberty, 2011). Se sugiere que
la AFMV realizada en la escuela deberia proporcitmaitad de la AFMV

recomendada para la salud (Pate et al., 2006) nBala jornada escolar se destacan
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tres intervalos temporales idoneos para la pradecAF y la creacién de habitos
saludables: la Educacion Fisica (EF), los recrdas gctividades extraescolares. Al
respecto, estudios recientes inciden en la neakdiel@onocer la contribucion de las
diferentes actividades semanales, como el receza,gd cumplimiento de las
recomendaciones (Martinez-Gomez et al., 2013).nivaes de AFMV desarrollados
durante la EF (Martinez-Martinez, Contreras, L&rAznar, 2012; Meyer et al., 2011)

y los recreos (Huberty et al., 2011) no son dendaséevados respecto al cOmputo
semanal, contribuyendo en torno a un 11-16% y P6-fespectivamente. Por otro lado,
el periodo extraescolar ofrece datos en torno 3% (Meyer et al., 2011; Ridgers et
al., 2011; Wickel & Eisenmann, 2007), siendo las gontribuyen en mayor medida al
volumen total

En base a lo anterior, es importante destacarlocesaivel y volumen de contribucion
de AF de cada periodo temporal, sino también laridmcion de AF evaluada a nivel
cualitativo (min AFMV/hora actividad). De esta memeactividades con una reducida
duracion diaria, podrian contribuir notablementeiaplir las recomendaciones de AF
para la salud e incidir en la promocion de las msntonociendo como contribuye cada
actividad al cumplimiento de las recomendacionepyestas. Hasta la fecha, no se ha
observado ningun estudio que contemple esta variRbk lo tanto, los objetivos de este
estudio son: a) Conocer el patron de movimientolartjo de diferentes momentos
durante la semana y sus posibles diferencias estineiantes de Educacion Primaria y
Secundaria, determinando el grado de cumplimieatasirecomendaciones en cuanto a
nivel de AF; y, b) Conocer la contribucién de difietes periodos a la AFMV total,
desde un punto de vista absoluto (porcentual céspé volumen total) y a nivel

relativo (los min de AFMV por unidad de tiempo, AFNbora).

Método
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Muestra

En este estudio transversal participaron 136 esotie 13,11+2,57 afos, con un rango
de edad de 8 a 19 afios y un IMC de 20,13+3,60%d/atos los sujetos eran escolares
de Educacion Primaria (n=64) o Secundaria (n=7#®) poseian ninguna limitacion
fisica. Se les entreg0 a padres/tutores un documelativo a la informacion detallada

y procedimiento del estudio, invitandoles a pasticien el mismo. Todos los
procedimientos estuvieron en concordancia conriogipios éticos de investigacion
aprobados por el Comité de Etica de la Universitiaalaga.

Material y procedimiento

Los participantes llevaron puesto un aceleromairarie 7 dias consecutivos siguiendo
las recomendaciones propuestas en estudios préliost, Mclver, & Pate, 2005). El
dispositivo fue colocado en la cintura por mediaida banda ajustable y a la altura de
la cadera derecha sobre la cresta iliaca (Trewth,&2004), siendo comprobado por un
investigador. Un diario semanal fue entregado, leséndicé a los participantes que
anotaran el horario de Educacion Fisica, recre@ tie levantarse y hora acostarse.
Ademas, fue proporcionado a cada participante ojadxplicativa del uso del
acelerbmetro que complementaba las instrucciombables proporcionadas durante la
colocacion, indicando que se retiraba para actil@dacuaticas (ducha o natacion) y
para dormir. Se considero valido un tiempo de tegde> 10 horas/dia y 5 dias (4
durante la semana y 1 de fin de semana) (Troiaewigan, & Dodd, 2008).

El acelerometro seleccionado fue el Actigraph GTA#&tigraph, Pensacola, FL, USA),
el cual almacena informacion en 3 ejes ortogonakedgecir, vertical (Y), horizontal
derecha-izquierda (X) y horizontal delante-atrgs £Zsu vez incluye el denominado
“vector magnitud”, que es la raiz cuadrada del $artade cada eje al cuadrado . Este

dispositivo esta validado para cuantificar la ABr{f®s-Lozano et al., 2013). Todos los
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datos fueron tratados por medio del Software AetBiO (Actigraph) El epoch
seleccionado fue de 1 s. Los puntos de corte sefesmos fueron los propuestos por
Evenson, Catellier, Gill, Ondrak, and McMurray (8D0AF Sedentarig 100; Ligera>
100; Moderada 2296 y Vigorosa 4012 countsnin-1.

Se calculo la AF en cada uno de los siguientes mtwa® actividades de la semana:
Fin de Semana, de Lunes a Viernes (semana esdutéiiidades Extraescolares (desde
las 14:01 6 14:31 hasta las 23:00 horas), EF yedeedrodos los NAF se promediaron a
min/dia, dividiendo el sumatorio de cada nivel deehtre el nUmero de dias de registro
validos, con el fin de facilitar la comparaciénreribs diferentes participantes. Ademas,
se calculé para cada actividad el porcentaje de&ibanion en min/dia a las
recomendaciones de AF para la salud (AFMV de lavitad x 100/60),
correspondientes a 60 min/dia con jovenes (WHOQR@e manera similar, se calculd
también la contribucion de cada actividad en manfdspecto al total semanal (AFMV
de la Actividad x 100 / AFMV Total de la semanagrdfinalizar, se calcularon los min
de AFMV por hora de actividad, a través del sigiegarocedimiento:(AFMV de la

actividad / horas de la Actividad).

Analisis estadistico

Los estadisticos descriptivos del estudio se maresttmo media y desviacion tipica.
Los alumnos fueron clasificados en base a su IMfOrsgalores especificos
internacionales para su edad (Cole, Bellizzi, Hleg®ietz, 2000). Las pruebas de
normalidad revelaron una distribucién no normalplerndose pruebas no paramétricas
para la comparacion entre grupos. Concretamemna Jgscomparaciones en funcion de
la etapa educativa, IMC y sexo de los sujetosufilizada la prueba U de Mann
Whitney.El nivel de significacion se fijo a30,05 para las diferentes pruebas. Los

analisis fueron llevados a cabo mediante el soéwatadistico SPSS (v. 20.0).
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Resultados
En la Tabla 1 se muestran los resultados referanesNAF desarrollados durante la

semana y la prevalencia al cumplimiento de lasmermlaciones de 60 min/dia AFMV.

Tabla 1. Nivel de AF desarrollada durante la senyatiamplimiento de las recomendaciones de
salud.

Primaria Secundaria Total
47% (N=64) 53% (N=72) (N=136) Sig.
Media D.T. Media D.T. Media D.T.

xkk

AEMY Sedentario(min/dia) 806,9 + 82,3 6185+ 824 707,2+ 125,1 0,001
Semanal Ligero  (min/dia) 101,4 + 26,8 1084+ 552 1051+ 44,2 0,291
AFMV  (min/dia) 53,7 + 18,7 50,0 *21,7 51,7 204 0,253
AEMVY Sedentario(min/dia) 1.262,0 + 199,2 554,1 + 148,3 887,2 + 394,8 0,001
FS. Ligero (min/dia) 87,8 + 48,8 101,7+ 70,0 95,2 +61,1 0,983
AFMV  (min/dia) 42,1 + 29,7 432 +354 427 +327 0,805
AEMVY S_edentario(m?n/dfa) 625,0 + 84,5 6442+ 844 6352+ 846 0,355
LaV Ligero (min/dia) 1054 + 29,0 1094+ 549 1075 445 0,211
AFMV  (min/dia) 57,4 # 20,5 51,4 +232 542 +221 0,09
Sedentario(min/dia) 401,4 + 66,1 328,77+ 73,6 3629+ 788 0,001
é)':t'\rﬂv Ligero  (min/dia) 46,6 + 18,6 626 +352 551 +296 0,015
AFMV  (min/dia) 29,3 + 13,4 322 +164 30,8 151 0,292
Sedentario(min/dia) 33,0 + 11,3 46,8 + 97 403 + 12,6 0,001
QEMV Ligero  (min/dia) 12,2 + 57 82 + 53 10,1 + 58 0,001
AFMV  (min/dia) 9,7 + 55 58 + 52 76 =+ 56 0,001
Sedentario(min/dia) 17,7 + 51 232 + 53 206 + 59 0,001
g';'\;’:\e/o Ligero  (min/idia) 79 + 24 58 + 31 68 + 30 0,000
AFMV  (min/dia) 54 + 32 23 + 23 38 + 32 0,00i
Cumplimiento
Recomendaciones (%) 35,90 33,30 34,60

60 min AFMV

Nota.N = Numero total de casof).T. = Desviacion TipicaSig= Significacion;AFMV = Actividad Fisica a
intensidad desde Moderada hasta Vigorosa,= minutos;F.S.= Fin de Semané&, a V= De Lunes a Viernegxtr =
Actividades ExtraescolareSF = Educacion Fisica.

Diferencias entre Etapas Educativas p-<*0,05; ***p < 0,001.

El analisis de U de Mann Whitney indicé a nivel geh grandes diferencia entre etapas

educativas, fundamentalmente en cuanto al NAF sadem®n todas los momentos a
excepcion de lunes a viernes{,001), siendo el grupo de Primaria quienes obétien

mayores registros en todos los momentos excepteceso y EF (X 0,001). Los
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alumnos de Primaria, son a su vez los mas activestes momentos, {0,01) y en el
resto a excepcion de las Actividades Extraescolast$in de semana respecto a
Secundaria. Se observa un nivel de prevalenciawsieplimiento de las
recomendaciones de 60 min/dia de AFMV en torn®%b,Fiendo ligeramente inferior
en Secundaria, pero no estadisticamente signifacati

En la tabla 2 se muestra la contribucion de cadaderias actividades a las
recomendaciones de 60 min/dia de AFMV, el volumeoahtribucion a la AFMV total
y los minutos de AFMV por hora de actividad.

Tabla 2. Contribucidn a las recomendaciones de A la Salud y a la AMVF Total.
Primaria Secundaria Total
47% (N=64) 53% (N=72) (N=136) P
Media D.T. Media D.T. Media D.T.

- CROOmIn(%) 70,97+ 49,40 73,06 % 5820 72,07 + 54,05 0,795
> CTAMFV (%) 38,63 + 20,27 41,83 + 20,69 40,32 + 20,48 0,512
CR60min (%) 96,80+ 33,47 87,49 + 39,70 91,87 + 37,06 0,120
LaV CTAMEV (%) 6137 + 20,27 58,17 + 20,69 59,68 + 20,48 0,512
o ~ CROOMIN(%) 4878+ 2240 5361 + 27,40 51,33 + 2520 0,201
CTAMFV (%) 33,75 + 20,01 50,49 + 74,83 42,61 + 56,59 0,266

- CR 60 min (%) 16,09+ 9,08 9,59 + 859 12,65+ 9,38 0,001
CTAMFV (%) 10,72 + 7,07 9,38 +22,28 10,01 + 16,88 0,001
CR 60 min (%) 896 +541 387 390 6,27 +531 0,00fI.**

Recreo s
CT AMFV (%) 587 + 399 554 +£19,32 5,70 =+ 14,27 0,001

Nota.N = Numero total de caso$).T. = Desviacién TipicaSig= Significacién;AFMV = Actividad Fisica a

intensidad desde Moderada hasta Vigorosa,= minutos;F.S.= Fin de Seman&, a V= De Lunes a

Viernes,Extr = Actividades ExtraescolardsSF = Educacion FisicaCR 60 mirn= Contribucién a las

recomendaciones de 60 min de AFMET AFMV= Contribucion a la AFMV Total de la actividad.

*** p<0,001.

El analisis entre niveles educativos a través sl@if@rentes momentos, de manera

similar a la anterior tabla, muestra diferencigaicativas (p< 0,001) durante el
recreo y la EF para todas las variables contemgl&isspecto a la contribucion a las
recomendaciones de salud de 60 min/dia, puedewvalbsercomo las principales son la

AF durante la semana escolar, que cubre practidanasirecomendaciones saludables,
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seguidas de las del fin de semana y extraesc. Para la contribucion de AFMV

cada actividad se observa la misma tende

En la Figura 1, se muestran los valores absolutos dé\A&xpresados en min/ho

segun los diferentes moment

Figura 1L.AFMV en min/hora durante los diferentes momentoldeman
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9,66
10,00
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o 8,00
e
= 6,05 5 47 5,75
€ 6,00 4,65
3,35
> ' 3,57
3,123 3,25%:
= 4,00 2 66274
<
2,00
0,00 T T T T T !
Total F.S. LaV Extr EF Recreo
Semana
m AFMV/hora Primaria B AFMV/hora Secundaria

Como puede apreciarsauando se tiene en cuela AFMV/hora, se observa comc
nivel general los alumnos de Primaria realimas AFMV por unidad de tiemg
respecto a Secundaria. Ademas se observa comoyl@EEcreo son las qt
contribuyen en mayor medida respecto a las ottasdares, especialente en
Primaria, mostrando diferencias significati(p < 0,001).

Discusion
En este estudio se han analizado las diferenciasatto ¢NAF y su contribucioren
relacion dos diferentes momentos y actividades de la se con alumnos de Primar
y SecundariaEn base a nuestro conocimientste & el primer estudio que valora

AFMV a través de diferentes momos y su contribuciopor unidad de tiemy. El
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hallazgo mas relevante a resefiar son las difeeroizontradas en todas las variables

de NAF analizadas durante la EF y el recreo.

Respecto a la comparacion entre la AF semanalgntiiel fin de semana (Tabla 1), de
manera similar a otros estudios, se observa corABN&V es superior durante la
semana respecto al fin de semana (Aibar et al3;284nar et al., 2011; Ramirez-Rico,
Hilland, Foweather, Fernandez-Garcia, & Fairclogf, 3). Aunque estos datos estan
acorde a lo expuesto en la bibliografia, los mispadrian parecer contradictorios, ya
que a pesar de que los sujetos poseen un mayqadidone para la practica de AF y
competiciones deportivas, realizan mas AFMV durémteEmana teniendo un menor
tiempo disponible para ello. Segun lo sefalad@®gqeaque el entorno escolar durante la
semana es adecuado para la realizacion de AFMMédde sus actividades durante el

dia.

Por otro lado, el patron de movimiento en los éifées momentos en dias laborables,
muestra como la AFMV Extraescolar aporta valoretam a 30 -36 min (Aibar et al.,
2013; Fairclough, Breighle, Erwin, & Ridgers, 20Bgmirez-Rico et al., 2013). A
pesar de no encontrarse diferencias significatwvai®e etapas, las actividades
extraescolares son las Unicas que indican una Ayl y menos tiempo sedentario
para los nifios de secundaria respecto a primasta.ftecho podria estar condicionado
por la adhesion a equipos deportivos esté mas lidado a esta edad respecto a la
primaria. No obstante, esta es una de las limit@sae estudio, ya que no se ha tenido
en cuenta la participacion en AF extraescolar estrada. Los valores hallados en las
clases de EF y en el Recreo, estan en consonanci@ros estudiogMartinez-

Martinez et al., 2012; Meyer et al., 2011), marcavalores en torno a un 9 — 33% de

AFMV. Al respectoFairclough and Stratton (2005) resaltan que la @Eqla panacea
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para solventar los problemas de la salud del aldmrnzero ésta puede contribuir junto
a otras actividades a conseguir los NAF recomergl&mresalta también la
importancia de la EF, no solo para aumentar losrgalde AFMV, sino en la labor
docente de promocion y contribucion a la AF fuerbethtorno escolar. Por altimo,
durante el recreo se observan valores similarestatlio, entre 2 y 7 min de AFMV
(Fairclough et al., 2012; Martinez-Gomez et al120 Los estudios indican que la AF
durante los recreos puede estar influenciadarmtivaciones sociales, facilidad,
disponibilidad y acceso a material y espacios degsr (Ridgers, Salmon, Parrish,
Stanley, & Okely, 2012), que seria interesanteizawra¢n el futuro. A pesar de ello, en
esta ocasion si existe una diferencia estadistictsggnificativa en la AFMV mayor
en educacion Primaria frente a Secundaria, tantasetlases de EF como en el Recreo
(p<0,001). Se ha observado que la AF decrece ceddd (Aznar et al., 2011), lo que

podria estar incidiendo en los patrones de movitngede estos dos momentos.

Respecto al cumplimiento de las recomendacioneshserva que los jovenes
espafoles y europeos no suelen cumplir los 60 raiod, realizando alrededor de 51-
58 min por dia (Fairclough et al., 2012; RamirezeRet al., 2013), siendo similares a
los del presente estudio (Tabla 1), denotando ajeadrevalencia, entre 20 y 60%, y
una tendencia a disminuir en Educacion Secundesj@ecto a Primaria (Aibar et al.,
2013; Aznar et al., 2011; Martinez-Martinez et2012). Se ha descrito que los
alumnos deben realizar el 50% de las recomendacamealud (30 min de AFMV)
durante el colegio (Pate et al., 2006). A pesalldeno siempre se alcanza, ya que en
sujetos europeos ronda entre un 40 y 50% el gradoiahplimiento (Fairclough et al.,
2012), siendo ambos superiores a los datos daliestiorrespondientes a un 20%
(alrededor de 12 min de AFMV). Estos NAF se considensuficientes dentro y fuera

del contexto escolar, no cumpliéndose los minirrosmendados de AFMV para
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garantizar la salud, por lo que es importante faarendesde Educacion Primaria. Al
respecto, un estilo de vida saludable empiezaamdéiarse en la nifiez y se estabiliza
de manera moderada o intensa desde la juventual lasetad adulta; indicando que una
intervencion temprana y la promocién de la AF eadalescencia es necesaria, ya que
puede proporcionar beneficios saludables en la adala (Janz, Dawson, & Mahoney,

2000).

Para la contribucion total de cada momento (Taplae€2observa en la bibliografia

como las actividades Extraescolares suponen desf® hasta un 70% de AFMV y la
EF y el recreo contribuyen entre un 11-16% y 16-188pectivamente (Meyer et al.,
2011; Ridgers et al., 2011; Wickel & Eisenmann, Z20&stos resultados son similares
a la EF, pero inferiores durante el recreo y atégies extraescolares. A pesar de que
estos NAF en EF son bajos, cuando la EF no seasdé manera aislada, puede aportar
importantes NAF junto a otras actividades, teniema repercusion positiva sobre la
salud y cumplimiento de las recomendaciones (Faigh & Stratton, 2005), y ademas
al ser una AF dirigida, la EF ha de ser un momesémcial para acumular AFMV

diaria. No obstante, puede observarse (Tabla 2pdarF y el recreo proporcionan los
niveles mas bajos de contribucion a las recomeadasiy volumen total de AFMV. Al
respecto, se han propuesto diferentes alterndtivaementalmente en el Recreo, como
facilitar instalaciones, sefalizarlas y balizaddecuadamente o buscar apoyo social en
pos de la promocion de la AF (Blaes et al., 204i8g&s et al., 2012).

No aparece ningun estudio en la bibliografia quaearaple la aportacion de AFMV

para cada actividad en unidad de tiempo (min/h&sta clasificacion ofrece datos de
relevancia para el estudio, ya que indica la contion a la AFMV total de una manera
cualitativa y relativa al tiempo de actividad depefimda. De esta manera, puede

observarse como los momentos que contribuyen eomneedida a las
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recomendaciones y al total de AFMV, son las quetapaina mayor cantidad de
AFMV si considera su ratio por unidad de tiempob{@e, Figura 1), es decir, EF y
Recreo son las que mayor AFMV aportan por horgetaieion. En ambos, la
aportacion que se hace a un nivel de AFMV es denfh#hora, por encima del resto de
momentos a lo largo de una semana. Es decir,dassbe EF y los recreos son los que
mas contribuyen a un nivel de AF saludable en uhtatiempo. Ademas de lo
anterior, aparecen una serie de estudios que @iirggEresantes conclusiones sobre
ambas. Asi, Martinez-Martinez et al. (2012) en Rfesiran unaelacion positiva
moderada (r = 0,481; p < 0,01) enteMV semanal y la AFMV en EF. De esta
manera, los alumnos que realizan mas AFMV en ERhitan lo hacen fuera de la
escuela y vicevers&s interesante destacar tambidRidgers et al. (2011) quienes
indicaron que a pesar de la poca duracion delodgd@s de la semana) su potencial en
cuanto a contribucion total es elevado. Segundbtasddel estudio (Figura 1), el grupo
total realiza menos del 20% de la AFMV en activeadscolares, en el caso de
primaria, se podria conseguir el 40% de las recda@anes diarias solo durante dos
horas. Esto puede conseguirse mediante las actesdaon mayor AFMV/hora (la EF y
un recreo de una hora); y ademas, se ha observauw &s facil aumentar la AFMV a
través de diferentes propuestas. Por ejemplo, éasdls al ser una actividad no
estructurada, aparecen multiples iniciativas daseqtie puedan generar estrategias
para aumentar la AFMYBlaes et al., 2013; Huberty et al., 2011; Ridgral., 2012)
Otro dato a destacar, es que no se encontraraemliias en la AFMV ni AFMV/hora
durante el Recreo ni EF en alumnos con sobrepebesidad respecto a normopeso.
Esto es similar a la bibliografia, en la cuatisstaca como la EF y el Recreo
proporcionan una gran oportunidad de aumentar laakg los alumnos menos

proactivos hacia la AF o con sobrepeso, siendo amento especialmente propicio
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para que acumulen AfMeyer et al., 2011; Ridgers et al., 2011). En lmasstos datos,
el aumento de las horas de EF a la semana o isiéolde un segundo recreo,
iniciativa que ya es una realidad en otros paisespeos (Fairclough et al., 2012),
pueden ser alternativas interesantes para condagugcomendaciones propuestas de

60 min AFMV.

Este estudio muestra los NAF a lo largo de dif@®@nmomentos durante la semana, el
grado de cumplimiento de las recomendaciones yiboaoton de cada una de ellas a la
AFMV. Aparecen en general unos niveles acordesiblaografia durante los
diferentes momentos, los cuales son consideradoe deficientes, especialmente en
secundaria, y aparece un bajo nivel de cumplimidatias recomendaciones de 60 min
AFMV/dia. Por ultimo indicar que a pesar de tensa baja contribucion respecto a la
AF total, hay actividades que tienen mucha menaaaion durante el dia, pero que
permiten acumular una mayor cantidad de AFMV dianainidad de tiempo, como son
el Recreo y la clase de EF. Esto podria ser deawtéa a la hora de proponer
programas de intervencion, el potenciar este tgadiividades a lo largo de la semana

0 incluso plantear un aumento en la frecuenciaslenlismas.
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Abstract

Background: Physical activity (PA) during schookkd activities has been widely
analyzed. During childhood and adolescence, PAgkIy transitory and PA patterns
are usually engaged in a very sporadic mannermr#tihaa in consistent bouts. There is a
dearth of information relating to bouts during schibased activities and out-of school
activities. Additionally, no previous studies hasansidered net bouts of PA was found
taking into consideration net bouts. The aim o$ thaper is to describe PA levels and
bouts of moderate to vigorous PA (MVPA) during r@B- or recess activities
(NPERA), Physical Education (PE) and recess.

Methods: One-hundred and thirty-six Spanish childzad adolescents froni'3o 12
grade, aged 8 — 18 years from 8 elementary anddulgbols met the inclusion criteria.
PA levels were measured with GT3X Actigarph acaetesters over 7 days, weekend
data were excluded from the analysis. Total PAn(day and percentage of PA) and 1,
2, 4,5, 6, 8 10 and 12-minute bouts (net and raatated) were analyzed. PA and
bouts were compared between NPERA, PE and recess.

Results: NPERA was the category with more min/dayA, whereas PE and recess
showed the highest percentage of PA. NPERA wasdtegory where more net and
accumulated bouts were accrued compared to PE aswksR Regarding sex,
accumulated bouts displayed more differences (éspeduring recess) than net bouts
in primary school subjects; whereas no differenmese found for secondary school
participants.Overall, all variables from 1 to 10 Bouts relatednet and accumulated
bouts showed significant differences {p0.001) duringNPERA, PE and recess time
revealing no differences between 12 min bouts.

Conclusion: School-aged participants showéterences in PA, net and accumulated

bouts during NPERA, PE and Recess. In order to esengesults with previous studies,
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accumulated bouts might be appropriate. Resultgesigifferent pattern of behavior

when using accumulated or net bout approaches.

82



Introduction

There is considerable interest about levels of jghysctivity (PA) in children
and adolescents since they must related with theeased prevalence of childhood
obesity (1) and other health outcomes (2, 3). Setimg 60-minute of moderate
vigorus PA (MVPA) guidelines (4, 5) is a main centin order to promote a healthy
lifestyle among youth (6).

PA patterns of PA at early age are commonly intieemt, where the majority of
children accumulate their PA in random pattern mibi@n continuous bouts (7-11),
however this profile might differ among age gro@ps Additionally, PA seems to vary
according to the environment, moment of the dayamdculum activities (12-14) (15).
For instance, PE and recess time may contribute-18% and 16-18% for total daily
MVPA respectively (15). Likewise, out-of school iadtes and extracurricular
activities/sports, represent up to 50% of overallydMVPA (13, 14, 16, 17). Thus,
evidence suggests both physical education (PE¥seaeextracurricular activities both
are equally important in promoting MVPA (12, 14). i$ therefore of interest to
scientists and practitioners to examine PA pattéosns a bout perspective rather than
simply total MVPA.

In order to analyze PA patterns in detail, auth@ge been mainly focused on
examining bout lenght measurement and its relapnsith health outcomes (18-21).
As an example, two studies reporterd that thetgremimber of 5 and 10 min MVPA
bouts performed, the lower thecardiovascularaiskoung ages (21, 22). Other
research suggested that short bouts (4 sec to)5wane as equally effective as longer
bouts £5min) in positively influencing health outcomes 2@urthermore,it has also
been reported that 1-minute to >10-minute boutewequally effective for weight
control independently of total MVPA (18). Colleatiy, these previous data highlight

the relevance of accumulating bouts of MVPA forltiebenefit..
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Despite this, prior research assessing accelesvndetived PA is subject to a
number of methodological issues which may biactrelusions made by these authors
(References needed). Among such considerationsgeploeh variable (short epoch
definition) may impact on bouts quantification. Timee of a longer epoch might not be
capable to capture shorts burst of vigorous PAatally underestimate vigorous PA
(23). There is therefore a need for researchepeti@r understand the most appropriate
epoch length to assess how bout length impacts diPAMestimation when using
accelerometry. has been other factor not alwaysidered or well manipulated, firstly
data must be corrected for the number of days wedhe ACL (27); on the other hand
a threshold of hours a day has to be adopted iardal measure a significant time,
currently bout patterns using a minimum record shoédd of 10 hours have been
reported for 10-minute MVPA bouts in American anatr@ean scholars aged between
6 to 19 (24); the prevalence of 10-minute bouts);(2ferences among longer and
shorter than 5-minute bouts for week and weekend (26); seasonal changes in bouts
(27) and sedentary bouts of school time and afieod time (28). Finally, comparisons
of bout ranges have been performed for sporadicsaod (1 to 4 min), short (5 to 9
min) and medium-to-long>0min) (18-20). Despite all of these approachess is
known about differences on short/long bout pattdresveen school time and out-of
school, which may help to design more specific adapted strategies of PA promotion
for children and adolescents (1, 29).

Additionally, no previous research has been coradlicising net bouts, which
may be of relevance, because accumulated boutsbéaeed by default from specific
software, which add the number of bouts from slmap®ch length to longer ones. On
the contrary, net bouts can be calculated as the that a bout of specific length is
performed without considering the longer ones (istance, a 10-minute bout can

include five 2-minute bouts)A better understandiegarding the relationship bewteen
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volume (number and length of bouts) and intensiity A and health outcomes could be
elucidated with this approach..

Hence, the present research aimed to describe@ngare different lengths of
accumulated and net bouts (1, 2, 4, 5, 6, 8, 101&nahin) between three daily periods:

PE, recess and non-PE or recess activities (NPER®WNg children and adolescents.

Material and Methods

Subjects

In this cross-sectional study, 668 health§ 3 12 grade children and
adolescents, aged 8 — 18 years were recruited 8retamentary and high schools from
Spain (Malaga, Galicia and Jaemhere 44.9% were children attending to elementary
school and 55.1% adolescents of secondary scheol ftudents were nineteen years
old but still attending secondary school). Childreere eligible to participate if they
attended elementary or secondary school and haghysical limitations. Written
informed consent to participate was obtained frarepts/guardians and students after
an information meeting, where the study risks amuhefiits were explained. All
procedures were in accordance with the ethical cjpies for medical research
involving human subjects, the Geneva conventionagpoved by an Ethic Committee
of the University of Malaga, Spain.

A total of 668 acelerometers were distributed amanybut only 282 participants had
valid ACL data and 386 invalid ACL data (lost dé&8 ACLSs), lost device (3 ACLS)

and not meeting a priori criteria (28) ®10 valid wear hours per day (350 ACLS)),
which represents an attrition rate of 42.2%. Aftensidering the classical inclusion

criteria, we filtered the data for selecting orfipse with at least 4 valid days of NPERA
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and recess and at least one class of PE recortéedsd considered sample were one-

hundred and thirty-six scholars, thus the finaitain rate was 20.3%

Accelerometry

Actigraph GT3X ACLs were used to measure PA (GT8Xgtigraph, Pensacola, FL,
USA), which have been previously validated (30)e HctiLife 6.0 software was used
to manage the ACL data (intensity cut-offs, boaégmnation, malfunctions and extreme
or unusual values). As recommended (31), accelédsmgeere worn at the right hip, on
the iliac bone (32) and fastened with an elastlt bata was collected with 1 s epoch
as suggested in previous studies with children éetws and 16 years (30, 33 order

to obtain a reliable pattern of usual PA studergsewnstructed to wear the ACL for 7
consecutive (34, 35and to remove it onlyduring water activities (swimming or
showering) or while sleeping. ACL started time (®.&m) and the time to stop
collecting data (12.00 pm) were set at the day whbe devices were handed and
placed on participant’s waist, face-to-face to di@h by researchers. By this manner,
information during school (9.00 am and 2.00 pm) antof school activities (between
2.31 pm and 12.00 am) was recorded. Weekend PA wasanot included in the
analysis because these measurements do not invBlkedat school or after school.
Regarding weekly frequency of PE and recess, tlast the same for elementary and
high schools: two PE lessons per week (60 min)eaiott 5 recesses per week (30 min
each). A weekly diary was also given, in which sgkg were asked to enter recess, PE,
got up and went to bed time&\ritten instructions for wearing the instrument wer
explained and given to each participafs previously reported by Troiano, Berrigan
(24), a wear-time of> 10 hours/day for 5 days for weekly measurements (7 days)

were adopted as quality control. No-wear time wened as at least 60 consecutive
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minutes of zero counts, with allowance for up tmidutes between 0 and 100 counts
((36)). Mean wear time of the sample was 781 mn(84.1%).

PA intensity was selected using the cut-pointsppsed by Evenson (31):
Sedentary PAS 100; Light PA> 100; Moderate PA 2296 and Vigorous PA 4012
countsmin-1, these limits have been recently validated &dolescents (33)). All PA
values have been reported as minutes/day or stgpsidd percentage in order to
standardize PA values. Daily PA and bouts (2, 4,8, 10 and 12 min) with 1-minute
tolerance of MVPA were analyzed. One minute boutsewcalculated by substracting
total MVPA/day bouts from 2-minute bouts/day. Acadated bouts were estimated
using the software ActiLife 6.0. by default.

Net bouts were calculated as bout time engaged steaific length but not adding
previous shorter bouts as is the regularly usedguhare for accumulated bouts. Net
bouts were obtained by subtracting the next accaradlbouts from the bout-length,
which was aimed to calculate of accumulated bdtas.example, 4-minute net bouts =
6-minute accumulated bouts — 4-minute accumulatedtsb By this manner, if a
participant engages a bout of 6 min/day, that balitbe included only in this interval
of net bouts; whereas accumulated bout procedurddnanitomatically indicate this 6
min bout/day and also shorter ones (2, 4 and 5 Inonts/day, depending on the
parameters selected in the Actilife software). alin all net and accumulated bouts
were averaged per hour in order to standardizdtseand compare between NPERA

(11 hours), PE (1 hour) and recess (0.5).

Statistical Analysis

All variables are shown as mean and SD or medidiranges. The sample was
split into a binary variable according to two BMategories (normal weight and

overweight plus obese participants) according vitternational cut-offs (37). The
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Kolmogorov-Smirnov test was used to confirm a namametric distribution of the
variables. Comparisons of PA and BMI variables leetw sexes were conducted by
Mann-Whitney-U test for non-parametric variablesheT Kruskal-Wallis test (k
independent samples) was carried out to examinaldigyences between PA, net and
accumulated bouts during NPERA, PE and recess, wheas needed Mann-Whitney-
U was performed to detect which groups differechisicantly. Comparisons of net and
accumulated bouts between daily periods were paddrby Wilcoxon’s test for paired
non-parametric variables. The level of significamaes set at g 0.05 for all the tests.

Analyses were conducted with the statistics soRv&PSS (v. 20.0).

Results

Sample characteristics and Total PA Levels aloiffgrdnt daily periodsare
displayed in table 1 and 2.

Elementary and secondary school participants stiawerall a similar rate of
normal weight (table 1) and a low meeting of PAlteeecommendations (33.3 and
27.0 minutes/day, girls and boys of elementary sthespectively; 24.3 and 50.0
minutes/day, girls and boys of secondary schoqlaetsvely, table 1), with poor levels
of MVPA (table 1). These later values were loweroam female participants of
secondary school (48.1 and 49.8 minutes/day, gind boys of elementary school
respectively, p>0.05; 41.5 and 55.7 minutes/dasts gind boys of secondary school
respectively, §0.01; table 1). Statistical differences betweeresexf secondary school
were related to minutes/day of light<(n05), vigorous PA(p < 0.001), MVPA (p<
0.01), total PA and steps (@ 0.05) whereas no differences appeared according to
school MVPA. Conversely, no significant differeneesre found among girls and boys
of elementary school except for school MVPA (medidt®.3 vs. 16.4 minutes/day<p

0.05). Regarding the percentage of daily timesgilsecondary school expended more
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time in sedentary activities and less vigorous MMPA than boys (g0.01 for all; table

1); children from elementary school showed simiues (table 1).

Differences of PA intensity and volume among daily periods and academic level

Total PA levels on each academic level along whfié daily periods analyzed
are revealed in Table 2.

In regard to total PA Levels (minutes/day), p@pants accrued more total PA,
MVPA, steps, contribution to healthy guidelines aodtribution to total MVPA during
NPERAthan PE and recess respectively<(f.001) either in elementary or secondary
school. All daily periods displayed numerous diieces between boys and girls
regarding absolute among variables analyzed (nmsraag); where NPERA and PE
contrasted with recess period, such as later showexll differences in every variable
among boys and girls of elementary school and éalestary, light and total PA of
secondary school (table 2 for both). The only défee during PE period was for
moderate intensity for children of elementary s¢owedians: 3.6 vs. 5.1 minutes/day,
girls and boys respectively,$0.05). On the other hand, regarding % of PA, [REess
and NPERA were significantly different each other &ll variables during elementary
school, but Mann-Whitney-U test detected differenbetween PE and recess only for
light intensity (Table 2), while medians of NPER&R always significantly lower than
recess and PE periods (Table 2), indicating theihduhese periods more PA per hour
is met. Different results were found for secondaghool, without significant
differences among the three daily periods for sedgrtime and moderate PA (Table
2). Moreover, we could not observe any differensesveen NPERA and PE for any
variable expressed as percentage of time periddtogether these results suggests a

different behavior during recess period among avécléevels. Finally, as expected the
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most important percentage of time in meeting hgaRA guidelines was covered by

NPERA, followed by PE and recess periods (table 2).

Differences of Net bouts among daily periods and academic level

Table 3 reports thaumber of net bouts and time bouts along differsty
periods analyzed.

Several differences were found regarding perioudyaed as table 3, NPERA
was the period where more net bouts were accunajl&déowed by PE and recess
respectively. Statistical differences were fountrMeen NPERA and PE/recess periods,
especially for less than 5 minutes bouts amonglail in elementary school (table 3).
PE and recess were significantly different for Iraté bouts in elementary school
(p<0.001, table 3), also in the same academic ldigdrence between boys and girls
were observed for 1-minute and 12-minute boutsndurecess period and bouts of 8
and 12 minutes for PE (see table 3 for values).

Regarding secondary school NPERA had higher gyaottall kind of bouts. PE
and recess were significantly for bout lengths o216 and 8 minutes. Girls showed

significantly less 5-minute bouts than boys duregess (table 3).

Differences of Accumulated bouts among daily periods and academic level

Number of accumulated bouts and total time boutspaesented in Table 4,
where significant differences among all bout lesgttere found for both academic
levels. The main difference between secondary #mentary schools was that girls
exhibited lower quantity of all types of accumuthtbouts than boys during recess
(table 4), which did not happen for net bouts @aB). No sex effect was found on

secondary school students (table 4).
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NPERA was the element of the school day whereesdehts accrued more
accumulated bouts than PE and recess (p<0.001lfaalasle 4). However, in children
NPERA was not significantly across daily periodsngl all lengths of bouts, without a
clear trend among the differences (table 4). PEranédss accumulated bouts were only

different for bouts shorter than 10 minutes (table

Differences of Total time and net and accumulated bouts among daily periods.
Overall, all variables from 1 to 10 Bouts relatednet and accumulated bouts
showed significant differences §0.001) duringNPERA, PE and recess time. There

were no differences between 12 min bouts (table 5).

Discussion

The main purpose of the paper was to measure P&#slend different bout-
lengths (1, 2, 4, 5, 6, 8, 10 and 12 min) duringERRA, PE and recess. To our
knowledge, this is the first study, concerning sitHmased participants, where bouts are
analyzed exhaustively (nets and accumulated ugiagifsc bouts-lengths) during three
different elements of the school day of relevarmestudents. There were three main
findings in this paper: A) NPERA showed higher levef min/day of PA whereas PE
and recess displayed in % of PA, but only for eletay school period; B) net and
accumulated bouts analyzed were different duringERIR, PE and recess; C) net and
accumulated bouts were statistically differenttoheather, either as number of bouts or
time bout.

Before starting the discussion, it is also impatrt® highlight that the different
time segments/periods of the school day comprisdiftérent time lengths. Firstly,
NPERA corresponds to longer time (11 hours) thar{IPEour) and Recess (0.5 hours).

For instance, PA regarding min/day will be higharidg NPERA than PE and Recess.
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However, these descriptive data are important aeduliin order to provide specific
information about PA during different activitiescthoompare results with others papers.
Additionally, in order to standardize PA levelsidg different segments of the
school day (daily periods), it is important to ynimeasurements according to a
standard time-length. These differences in lengdasarement among segments do not
exist concerning % PA, which will allow us explaome differences among countries
during this discussion. Regarding PA during NPERSpanish participants showed
similar values to our sample during non-schoolvéas, ranging from 31 to 36 min of
MVPA (38, 39). This MVPA was also similar with Beh school-aged subjects (17).
This NPERA have been issued to be the major cartoilio total MVPA; which is in
line with our results (64%) (11, 16). In spite bist NPERA was not similar to values
published in the literature (11), our results arghér than reported; this might by
explained because in this research we recordeattilities apart from PE and Recess,
and authors only recorded extracurricular actisiti@1l, 16). Since, extracurricular
activities seem to provide more MVPA because theylanger than other activities
such as Recess and PE. For future research, wewdlbable to create new variables
with equal units of time. Conversely, during PE, i&wvand Spanish school-aged
subjects reported 9 to 17% of MVPA(13, 40), whicksveimilar to our sample (12.8%).
PE has been cited as contributing around 11% af BA (16), which is similar to the
results presented in this study (16.8%). Finalll}yMA levels accrued during recess
time seem to be low (3 min), but in accordance wother European data (17).
However, upper MVPA time and % of MVPA has beem akported with Spanish and
European. Regarding the contribution to total MVR#evious authors reported 11%
(14, 41, 42), in line with our data (7.9%). These halues of MVPA during recess may
be explained by the low engagement in daily MVPAh& sample (Table 1); or even

multiple aspects we did not analyze in this studycWw might affect PA during this
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context, such as social and behavioral reasons R&jarding MVPA time differences

during school, boys accrued more MVPA than girls<(©.05), consistentwith that

reported elsewhere (17). Additionally, elementagynéle students displayed higher
MVPA time (47.3 minutes/day) compared to secondanyool female students (39.8
minutes/day). Finally, the percentage of studertte wiet healthy PA guidelines was
similar between males and females and academigarats with the exception of male

adolescents (50% vs. 24.3-33%, table 1).

In respect to differences among the various setgradrihe day examined in this
study, , the Kruskal-Wallis tests indicated stat#dt differences across all variables
analyzed Large differences were displayed between segntekitsg into consideration
the total time of recording (min/day; steps/day atwhtribution to MVPA and
Recommendations) where NPERA accrued more PA. Hemveveasurement-time was
equalized among all segments, these differenceppismred according to % of PA,
where NPERA were not significantly higher than sscer PE for sedentary time and
MVPA, but only in adolescents. This fact is notiskeabecause, when taken in absolute
terms, NPERA seems to be the segment where chilainenadolescents were more
active, but recess and PE revealed a smaller %defrgary time and higher MVPA than
NPERA in children only. In adolescents PE and NPERA not showed differences,
nevertheless % of MVPA during recess period wasisogntly lower than PE and
NPRA segments. According to these findings, it wlolle helpful for designing
strategies and policies for PA promotion with thegpulation.According to our results,
unstructured (recess) and structured PA (PE) seemrdvide similar % of PA in
children. The only dferences were found in light P&p < 0.05, table 2). This fact
suggests that PA behavior during school time foleogimilar patter among children but
not on adolescents (secondary school).. Differenoe$®A between the different

segments of the day could not be compavétl previous studies, because these prior
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studies have tended to focus on PA differences dmtwgender groups and do not
examine differences between total PA during difiesegments of the day (16, 17, 44).

Few data has been reported concerning accumubaieid during NPERA, PE
or recess (45), and no previous attempt has exammeebouts. This study suggests that
1min to 10 min net bouts and accumulated boutsAoaie different (Tables 3, 4 angl.5
There were no differences between 12 min boutsnduhe different segments of the
day as it was the same value in net and accumutbatets. This current data shows that
the choice of using net bouts or accumulated bouBsA will notably affect the results
obtained from analysid-or example, if a subject engages 10 min bouts Aittdife
program automatically measures 1 bout of 2, 4, B,@&d 10 minutes; which is notably
different from recording 1 bout of 10 min. This fawhich has not been taken into
account previously, is important when interpretnegults and for defining the more
accurate effects of bouts of PA on a variety ofltheandices. When planning their
analysis researchers therefore need to considethaththey wish to present data on
accumulated bouts of PA or whether presenting ddgded to net bouts of PA is their
primary research focus.

In regard to net bouts, NPERA revealed the sameetecy as previously
described, displaying higher differences than tiinerosegments analyzed in this study.
However, these differences were higher for boutd thsted 8 minutes or less in
elementary school childremaple 3)compared to longer bouts than 8 midetween PE
and Recess time, fewer differences were found;sbengaged of 1 (g 0.001, table 3).
These differences were likely due to the lengtimefasurement, because the segments
with similar duration (PE and recess) indicated Ilnand fewer statistical differences.
However, for secondary school differences for efigths were found between NPERA

and PE/recess periods, and among PE and recebsuty of 1, 2, 6 and 8 minutes. .
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This point suggests that for 1 to 6 min of net Bpghorter activities such as PE and
recess provide greater MVPA than longer ones, dsRyR

Another important fact for standardizing measuneiméime would be
discriminating the segment or period of the dayt firavides greater opportunities to
accrue bouts of MVPA.. In the current study, thgnsent where subjects accrued more
bouts from 1 min to 12 min was NPERA, followed by Bnd recess time respectively
in both, net and accumulated bouts. This was dlsochse with total bout length
engaged from 1 to 12 min. When examining bout pagtethe majority of daily bouts
engaged in, correspond to 1 and 2 min in duratfooonsidering longer bouts of PA,
there was a lower incidence of engagement, actbssgments of the day, compared to
shorter boutsAccumulated bouts from 1 and 2 min were perfornrediad 4 to 8 times
a day rather than 4 to 12 min. Our results wereadnordance with MVPA bouts
recently published elsewhere (Saunders et al., )2@u#thors indicate that 1 to 3 min
bouts correspond up to more than 50% total bou®Erand leisure time; additionally
these differences were higher in leisure time (i study NPERA) than in PE. This
tendency also happened with net bouts, howeverethdifferences were more
noticeable, 1 and 2 min were accrued from 9 to bBenengage than 4 to 12 min. The
daily period where the most differences were digabetween shorter and longer net
and accumulated bouts was NPERA; this would be ghiybcaused because was the
moment that lasted more houiidiese results were in accordance to previous fgsdin
which identified that PA during youth is highly misitory, accumulating PA in sporadic
rather than consistent bouts (7-18pwever, our results suggest an effect of matmat
since, we found different patterns among acadeeviel$ (table 3 and 4).

For accumulated bouts, as previously reporteddrafd net bouts, NPERA met
more quantity of bouts than PE and recess, maiotysécondary school students.

However, n spite of the relatively short duration of dailggsents such as PE and
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recess, statistically significant differences wérand concerning bouts across PE an
recess periodsAs explained above in relation in net bouts, boaiables should be
standardized to provide a more reliable comparisstwveen different segments. So, we
could observed, that our resulted differed amoraglamic levels when expressed as net
or accumulated bouts (tables 3 and 4)

This paper is novel as to our knowleddleis is the first study to compare
specific bout lengths and bouts and also the fikich examines any differences
between accumulated and net bouts. As such it gesvuseful information related to
measurement of PA using accelerometry.

This study also has some limitations that shdm@daken into account in order
to interpret the results. The sample might be sklemsearound 60% of our sample do
not meet PA criterions for accelerometer wear t{@® and were removed from all
analysis. However students removed from this arglysre not significantly different
on BMI or age that the final sample. Additionakyen if accelerometers have shown to
be a valid and reliable measure of PA in childrex adolescents they have some
limitations; these devices do not recognize theetyh PA behavior (e.g., sitting,
standing still, strength activities), the partiaitlas of the week that might influence the
extent or increase of PA during activities analyzeere not controlled. It is also
important to note that no measure of maturatioriccba obtained in our sample. Given
the age ranges examined in the current study, ppssible that maturation may have
had a greater influence on net bouts of PA comptrezthool year or chronological
age. Future research on this topic would therelferevelcome which also controls for
maturation in its analysis. Furthermore, thess sectional study design and a relatively
small sample of subjects (h=132) mean the findings & $itudy may not be widely
extrapolated to the general European populatiorurBustudies should extend the

assessment of the pattern of children’s PA boulsese contexts to larger samples.
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In summary, our results confirmed that school-ageiidren and adolescents
accrued more minutes/day of PA during NPERA, PE &wetess respectively.
Conversely, after controlling for total length oftiaities and considering % of PA,
recess and PE showed higher PA time than NPRA ememtary school children.
Related to net and accumulated bouts, NPERA disdlayore 1 to 12 bouts, which was
likely caused to its longer duration compared todPH recess. Net and accumulated 1
to 10 bouts were statistically different betweertheather(p < 0.001). In order to
compare results with previous studies, accumuldiedts might be appropriate.
However, if the intention is to provide a betterdarstanding of PA bouts and their
impact on health, net bouts may be a more apptepmacasure to employ, so
differences among academic levels might be blunteeh accumulated bouts are used.
Also, differences between boys and girls duringesscperiod could be only observed
using accumulated bouts. All together, these resulist suggest different pattern of

behavior when using accumulated or net bout appesac
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Table 1. Descriptive characteristics and weeklyd®#fe sample.

Girls (n=24) Boys (n=37)

Elementary School 40% 60% Sig.

Median Range Mean SD Median Range Mean SD
Age (years) 10.6 2811 107 = 0.9 11.0 329 110+ 11
BMI (kg/m?) 19.0 314 197 + 3.1 18.9 30,8 195+ 3.0
NW (%) 45.8 56.7
Sedentary (min/day) 11428 304 1106. + 231.1 11257 314 1153+ 152.6
Light (min/day) 92.7 314 928 + 247 94.3 30.7 914+ 24.0
Moderate (min/day) 23.0 281 252+ 94 27.0 329 272+ 84
Vigorous (min/day) 20.2 295 230+ 134 22.2 320 226+ 88
MVPA (min/day) 47.3 293 481 + 218 499 321 498+ 16.8
Total PA (min/day) 1411 30.7 140+ 429 1384 312 141.+ 384
MVPA School  (min/day) 12.3 250 121 6.9 16.4 349 158+ 64 *
Sedentary (%ofday) 88.6 301 881+ 49 89.0 316 889+ 38
Light (% of day) 7.4 32.5 79 = 33 6.8 30.0 72 + 23
Moderate (% of day) 1.9 30.0 21 + 1.0 2.0 31.6 22 £+ 09
Vigorous (% of day) 2.0 31.4 19 £ 10 1.6 30.8 18 £+ 0.8
MVPA (% of day) 3.8 315 40 £ 19 3.6 30.7 39 £+ 17
Steps (steps/day) 7530.1 30.0 8143.+ 3001.0 7936.0 31.7 8218. + 22694
Meeting Guid (%) 33.3 27.0

Girls (n=37) Boys (n=38)

Secondary School 49% 51% Sig.

Median Range Mean SD Median Range Mean SD
Age (years) 15.0 36.1 148 + 16 15.2 399 153+ 1.8
BMI (kg/m?) 19.7 340 202+ 41 204 419 211+ 37
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NW (%) 78.3 84.2

Sedentary (min/day) 619.2 400 6247+ 99.7 601.1 36 600.:+ 89.1
Light (min/day) 80.2 320 101.8+ 622 97.2 438 118f% 577 *
Moderate (min/day) 26.8 343 266 + 8.0 294 416 315+ 145
Vigorous (min/day) 119 298 149+ 94 224  46.0 243+ 14.8
MVPA (min/day) 398 303 415+ 151 544 455 557+ 235 **
Total PA (min/day) 127.0 305 1432+ 639 159.1 453 1740+ 59.0 **
MVPA School  (min/day) 5.5 36.6 6.7 + 4.9 4.8 39.3 79 + 64
Sedentary (%of day) 828 451 816+ 7.0 796 311 774+ 75
Light (%ofday)y 11.0 331 13.0% 6.9 128 428 153+ 7.0
Moderate (% of day) 35 34.9 35 + 1.0 3.8 41.0 41 = 21
Vigorous (% of day) 1.7 30.2 20 = 1.2 2.9 45.6 32 £ 19 **
MVPA (% of day) 53 30.9 55 + 1.9 6.7 44.9 7.3 £ 33 **
Steps (stepg/day) 7174.2 30.6 7392. + 21225 8518.1 452 9180. + 2960.2 **
Meeting Guid (%) 24.3 50.0

BMI:Body Mass Index; NW: Normo weight; PA: Physidsattivity; TPA: Total Physical Activity

(Light+Moderate+Vigorous); MVPA: Moderate to Vigar® PA; MVPA School: MVPA engaged during school ime

Meeting Guid: Meeting 60 min MVPA health guidelines
*, p<0.05; **: p<0.01; ***: p<0.001. forMann-Whitney-U test
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Table 2. Physical Activity Levels during NPERA. BEd Recess.

NPERA (1) Sig. PE (2) Sig. RECESS (3) Sig. Sig. Sig. Sig. Sig.
Elementary School Gir.ls (n=24) Boy.s (n=37) Bg)i/rslsvs Girl.s (n=24) Boy.s (n=37) Bg)i/rslsvs Girl.s (n=24) Boy's (n=37) Bg)i,rsl,svs KW 1vs2  1vs3  2vs3
Median Range Median Range Median Range Median Range Median Range Median Range
Sedentary  (min/day) 3925 334 3823 295 34.7 34.0 32.7 29.1 19.8 394 15.6 256 (o il b AN +++
Light (min/day) 46.4 27.7 48.1 33.1 11.3 27.0 13.3 33.6 7.4 24.9 8.7 35.0 ok rrx AN +++
Moderate ~ (min/day) 14.1 28.3 14.8 32.7 3.6 254 51 34.7 0 22 245 3.3 35.2 il b AN +++
Vigorous (min/day) 13.9 30.4 15.3 31.4 4.9 28.9 6.0 32.3 2.0 25.0 2.7 349 ok rorx AN +++
MVPA (min/day) 31.3 29.5 30.3 32.0 8.4 275 115 333 35 23.9 4.7 356 ¢ il b AN +++
Total PA (min/day) 68.6 27.4 75.3 33.3 21.8 26.3 245 34.0 11.2 23.5 16.5 359 oo ok rrx AN +++
Sedentary (%) 85.1 34.2 83.5 33.3 62.9 35.1 57.7 28.4 63.7 38.8 50.9 259 oo ok ok AN
Light (%) 8.6 27.2 9.7 28.9 20.4 26.6 22.9 33.8 23.8 24.3 28.1 354 0 ok rorx AN +
Moderate (%) 29 28.4 3.2 32.7 6.4 25.5 8.8 345 7.0 24.1 10.5 35.5 0 ok ok AN
Vigorous (%) 31 30.7 34 31.2 8.7 29.3 10.2 321 6.4 24.8 8.5 350 e b AN
MVPA (%) 6.4 29.8 6.8 31.8 15.1 27.5 18.9 33.3 13.7 24.3 18.8 354 0 ok ok AN
Contr Rec (%) 52.2 29.5 50.4 32.0 14.1 27.5 19.1 33.3 7.1 24.5 9.7 35.2 0 ok il AN +++
Contr MVPA (%) 60.1 311 62.6 30.9 175 27.4 22.7 333 8.4 23.3 12.8 36.0 oo il bl AN +++
Steps (stepg/day) 4366.7 29.4 45304 32.0 1432.8 275 1829.0 33.2 764.5 23.8 1166.0 356 o ok rorx AN +++
NPERA (1) Sig. PE (2) Sig. RECESS (3) Sig. Sig. Sig. Sig. Sig.
Secondary School Gir‘Is (n=37) Boy.s (n=38) Bg)i/rgl,svs Girl.s (n=37) Boy.s (n=38) Bg)i/rgl,svs Girl.s (n=37) Boy.s (n=38) Bg)i/rslsvs KW 1vs2  1vs3  2vs3
Median Range Median Range Median Range Median Range Median Range Median Range
Sedentary  (min/day) 353.4 40.3 3326 357 48.8 39.7 48.4 36.3 255 44.0 23.6 321 il b AN +++
Light (min/day)  48.9 333 58.1 42.5 7.5 36.3 7.5 39.7 4.0 321 59 43.8 il b AN ++
Moderate ~ (min/day) 19.7 38.7 18.6 37.3 22 37.7 17 38.3 1.0 36.7 1.0 39.3 b i AN ++
Vigorous (min/day) 9.2 32.8 16.0 43.0 0 2.0 36.7 1.5 39.9 0.4 36.8 0.5 39.2 rkk ok AN +++
MVPA (min/day) 28.9 349 36.7 41.0 4.3 37.2 3.0 38.8 1.2 36.7 15 39.2 rkk ok AN +++
Total PA (min/day) 80.0 31.8 96.7 44.0 12.3 36.7 11.7 39.3 5.3 32.3 7.4 43.5 ok rorx AN +++
Sedentary (%) 81.4 44.0 76.3 32.2 79.9 39.2 80.8 36.8 82.2 43.8 75.7 32.3
Light (%) 11.4 329 14.3 43.0 12.3 36.1 12.3 39.9 12.9 31.8 18.3 44.1 xx n +++
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Moderate (%) 4.4

Vigorous (%) 2.0
MVPA (%) 7.1
Contr Rec (%) 48.1
Contr MVPA (%) 66.5

Steps (steps/day) 4808.5

39.5
32.6
35.0
34.9
41.6
36.4

4.1
3.9
8.2
61.2
64.2
5575.1

36.5
43.3
41.0
41.0
33.6
39.6

0

3.6 37.8 2.8 38.2 3.1
3.4 36.5 25 39.4 14
7.1 36.9 4.9 39.1 4.6
7.2 37.2 4.9 38.8 2.4
12.4 38.6 9.6 36.4 3.6
7695 379 4928 381 324.0

36.4
36.7
36.0
36.0
39.4

36.4

3.4
1.6
5.3
2.7
3.2

356.7

39.5

39.3 *k AAA

39.9 *% AN

39.9 *kk ko AAA

35.7 *kk ko AAA
39.6 *oxk Kk AAA

+

+++

+++

+++

+++

Range: Mean Range; NPERA: Non-PE or Recess AetjifPA: Physical Activity; MVPA: Moderate to Vigars; Total PA: Physical Activity (Light+Moderate+\6gous); Contr Rec: Contribution to 60 min MVPA

health recommendations; Contr MVPA: Daily Contributto total MVPA.

Girls vs BoysMann-Whitney-U test for comparing medians amongsgx p<0.05;0¢0: p<0.01; K-W: Kruskall-Wallis for comparing medians ang daily periods;Mann-Whitney-U test for comparing medians
among two daily period$**: p <0.001; **: p<0.01; 1 vs 2 (NPERA VS PE): **:40.01; ***: p<0.001; 1 vs 3 (NPERA VS RECESS): A(05; ": p<0.01; ™ p<0.001; 2 vs 3 (PE VS RECESS):<6-05;

++=p<0.01; +++: 0.001.
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Table 3. Number of net bouts and total time boutsngg NPERA, PE and Recess.

NPERA (1) Sig. PE (2) Sig. RECESS (3) Sig.Sig. Sig. Sig.  Sig.
Elementary School  Girls (n=24) Boys (n=37) B\‘/’gs Girls (n=24) Boys (n=37) B\‘/’gs Girls (n=24) Boys (n=37) B\‘/’gs kyy 1vs 1vs 2vs
Median Range Median Range Ci'S Median Range Median Range GiflS Median Range Median Range Girls 2 3 3
B>1m (bouts/day) 17.0 33.7 15.7 28.4 7.3 29.3 7.6 321 2.8 23.5 4.2 35.8 00 Rk xx AM gy
B2m (bouts/day) 4.5 27.4 5.2 33.3 0.5 28.1 0.5 32.9 0.4 29.8 0.6 31.8 FhE kR NN
B4m (bouts/day) 0.3 30.0 0.4 31.6 0.0 29.4 0.0 32.0 0.0 28.1 0.2 329 Fhk kK AN
B5m (bouts/day) 0.2 31.2 0.2 30.9 0.0 32.3 0.0 30.1 0.0 29.9 0.0 31.7 * * A
B6m (bouts/day) 0.1 31.5 0.0 30.7 0.0 28.2 0.0 32.8 0.0 28.8 0.0 32.4
B8 m (boutg/day) 0.0 31.0 0.0 31.0 0.0 26.5 0.0 33.9 &0 0.0 29.3 0.0 32.1
B10m (bouts/day) 0.0 31.0 0.0 31.0 0.0 29.2 0.0 32.1 0.0 29.7 0.0 31.9
B12m (bouts/day) 0.0 29.8 0.0 31.8 0.0 34.9 0.0 28590 0.0 25.3 0.0 347 &0 A
TB2m (min/day) 9.9 27.7 12.5 33.1 1.5 28.2 1.5 32.8 0.9 28.7 1.4 32.5 FhE kR NN
TB4m (min/day) 0.9 29.7 1.5 31.9 0.0 29.2 0.0 32.2 0.0 28.3 0.8 32.8 Fhk kK AN
TB5m (min/day) 0.8 30.6 0.9 31.3 0.0 32.3 0.0 30.1 1.3 24.6 2.8 352 ¢ i * ANt
TB6m (min/day) 0.6 31.2 0.0 30.9 0.0 28.3 0.0 32.7 0.0 31.0 0.0 31.0 ok AN 4t
TB8m (min/day) 0.0 31.0 0.0 31.0 0.0 26.5 0.0 33.9 &0 0.0 28.6 0.0 325
TB10m (min/day) 0.0 31.0 0.0 31.0 0.0 28.7 0.0 31.7 0.0 29.9 0.0 31.7
TB12m (min/day) 0.0 29.8 0.0 31.8 0.0 34.9 0.0 276 ¢ 0.0 25.3 0.0 347 & * n
NPERA (1) Sig. PE (2) Sig. RECESS (3) Sig. Sig. SigSig. Sig.
Secondary School  Girls (n=37) Boys (n=38) B\c/)gs Girls (n=37) Boys (n=38) B\c/)gs Girls (n=37) Boys (n=38) B\?gs ky Lvs 1vs 2vs
Median Range Median Range CI"'S Median Range Median Range CI"'S Median Range Median Range Ci"lS ? 3 3
B>1m (bouts/day) 17.9 36.4 19.2 38.6 2.0 38.9 14 36.1 1.2 38.91.0 36.1 Tk kAN +
B2m  (boutsday) 3.8 355 50 395 05 365 05 385 00 334 03 417 T
B4 m (boutg/day) 0.3 34.0 0.5 41.0 0.0 36.9 0.0 38.1 0.0 36.5 0.0 38.5 Fhk O kkE L AAA
B5m (bouts/day) 0.4 38.5 0.4 36.5 0.0 38.0 0.0 37.0 0.0 355 0.0 395 ¢ ek ke AR
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B6m  (boutsday) 05 386 04 374 00 368 00 392 00 370 00 390 ook wRr A g
B8m  (boutsday) 0.2 399 00 361 00 389 00 371 00 380 00 380 keewwee A
B10m (boutsday) 00 386 0.0 375 00 375 00 384 00 375 00 385 Rk wee A
B12m (boutsday) 00 383 00 37.7 00 380 00 380 38.0 0 0. 38.0 ROk wee A
TB2m (mniday) 9.0 345 132 395 11 363 11 377 00 334 05 407 oorwwx AL g
TB4m (mnday 11 327 21 415 00 364 00 376 00 359 00 381 ook wee A g
TB5m (minday) 21 378 20 362 00 374 00 365 00 359 00 381 ROk wee A
TB6m (mnday) 26 366 27 374 00 361 00 379 00 370 00 370 ek wwx A gt
TB8m (mniday) 20 390 00 349 00 383 00 356 00 370 00 370 ook wee A g
TB10m (min/dayy 00 377 00  36.3 00 365 00 375 00 365 00 375 ok ek A
TB12m (min/dayy 00 376 00  36.3 00 371 00 369 00 370 00 370 wok e A

Range: Mean Range; NPERA: Non-PE or Recess AesyiB: Bouts; T: Time, m: minutes.

Girls vs Boys, Mann-Withney-U test for comparingdrans among sexes: p<0.05;0¢: p<0.01; Kruskall-Wallis (K-W) for comparing mediansiang daily periods; Mann-
Withney-U test for comparing medians among twotgsgtiods:*: p<0.05; **: p<0.01; ***: p<0.001; 1 vs 2 (NPERA VS PE): *<0.05; **: p<0.01; ***: p<0.001; 1 vs 3
(NPERA VS RECESS): :40.05; M <0.001; 2 vs 3 (PE VS RECESS): <3:05; ++=0.01; +++: ;0.001.
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Table 4. Number of accumulated bouts and total bimgs during NPERA,

PE and Recess.

NPERA (1) PE (2) Sig. RECESS (3) Sig.Sig. Sig. Sig.  Sig.
Elementary School  Girls (n=24) Boys (n=37) Bogs Girls (n=24) Boys (n=37) Bogs Girls (n=24)  Boys (n=37) Bogs K- 1vs 1vs 2vs
v v v
2 3 3

Median Range Median Range Gifls Median Range Median Range Gifls Median Range Median Range Girls

B>1m (bouts/day) 23.3 31.0 22.8 30.2 7.6 28.2 8.9 32.8 3.5 23.9 4.7 35.6 wRE O kkk AN 4t
B2m (bouts/day) 4.9 27.6 6.0 33.2 15 26.1 2.0 34.2 0.7 26.9 1.2 33.7 ¢ KK Akk +++
B4m (bouts/day) 0.6 31.0 0.6 31.0 1.0 28.1 1.0 32.9 0.3 24.5 0.6 35.2 ¢ ikl * ANt
B5m (bouts/day) 0.4 321 0.4 30.3 0.5 29.0 0.5 32.3 0.2 25.4 0.4 346 ¢ ikl * ANt
B6m (bouts/day) 0.2 31.6 0.2 30.6 0.0 26.3 0.5 34.0 0.0 24.8 0.3 35.0 ¢ bl Mt
B8 m (bouts/day) 0.0 30.7 0.0 31.2 0.0 29.8 0.0 31.8 0.0 25.8 0.0 344 ¢ xk AN +
B10m (bouts/day) 0.0 30.6 0.0 31.2 0.0 32.8 0.0 29.8 0.0 25.1 0.0 348 ¢ *x * AN
B12m (boutg/day) 0.0 29.8 0.0 31.8 0.0 34.9 0.0 28.5 253 0 0.34.7 &0 * * n
TB2m (min/day) 13.1 28.0 16.7 33.0 7.5 28.0 10.0 33.0 3.0 24.1 55 355 O R ok AN 4y
TB4m (min/day) 35 30.9 3.8 31.1 6.0 29.2 6.5 32.1 1.6 23.4 3.8 36.0 00  Fx* AN 4t
TB5m (min/day) 2.4 31.3 2.4 30.8 4.3 29.8 5.0 31.8 1.3 24.6 2.8 352 O Ex * ANt
TB6mM (min/day) 1.2 31.3 1.3 30.8 0.0 27.8 4.0 33.1 0.0 25.1 0.0 348 O * ANt
TB8m (min/day) 0.0 30.8 0.0 31.2 0.0 30.6 0.0 31.2 0.0 25.5 0.0 345 ¢
TB10m (min/day) 0.0 30.6 0.0 31.3 0.0 33.3 0.0 29.5 0.0 25.2 0.0 348 ¢ *
TB12m (min/day) 0.0 29.8 0.0 31.8 0.0 34.9 0.0 276 0O 0.0 25.3 0.0 34.7 OO n
NPERA (1) PE (2) Sig. RECESS (3) Sig.Sig. Sig. Sig. Sig.
Secondary School  Girls (n=37) Boys (n=38) B\(l)g/s Girls (n=37) Boys (n=38) B\‘/’gs Girls (n=37) Boys (n=38) B\‘/’gs K- 1vs 1vs 2vs
2 3 3

Median Range Median Range Girls Median Range Median Range Girls Median Range Median Range Girls

B>1m
B2m
B4 m

(bouts/day)

(boutg/day)
(bouts/day)

22.4

5.5
2.0

354

34.9
37.4

27.6

8.1
1.9

40.5

41.0
38.6

3.0

0.5
0.0

37.9

36.6
37.5

2.5

0.8
0.0

38.1

394
38.4

1.2

0.0
0.0

36.7

33.5
36.5

15

0.3
0.0

39.2

42.4
39.5

*kk

*kk

*kk

K%k NANN\ +++
*kk VAYAYAY

*kk NANN\ +++
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B5m  (boutsday) 15 394 13  36.6 00 393 00 368 00 370 00 390 ek ek AN g
B6m  (boutsday) 1.0 392 08  36.9 00 385 00 375 00 374 00 385 ek kkk AN g
B8m  (boutsday) 0.4 397 03  36.3 00 385 00 375 00 380 00 380 Wk ek AR gy
B10m  (boutyday) 0.2 394 0.0 367 00 376 00 384 00 375 00 384 Kk kA
B12m  (boutyday) 0.0 383 0.0 377 00 380 00 380 38.0 0 0.38.0 Kk ek A
TB2m (minday) 214 351 30.8 409 27 365 22 395 00 337 06 422 ook ok AMA et
TB4m  (minday) 117 373 136 387 00 379 00 381 00 365 00 395 ek kAR g
TB5m  (minday) 101 39.0 117 37.1 00 391 00 369 00 370 00 390 ook ok AR g
TB6m (mnday 7.0 388 84 372 00 387 00 37.3 00 375 00 384 ook ok AR g
TB8m (minday) 43 395 27 366 00 385 00 37.6 00 380 00 380 ook ok AR g
TB10m (minday) 2.3 392 00 368 00 378 00 382 00 375 00 384 ook bk ARy
TBI12m (min/dy) 00 379 00 381 00 381 00 379 00 380 00 380 Kok kA

Range: Mean Range; NPERA: Non-PE or Recess Ae#;i3:Bouts; T: Time. m: minutes.

Girls vs Boys, Mann-Withney-U test for comparingdians among sexe&: p<0.05;00: p<0.01; Kruskall-Wallis (K-W) for comparing mediansiang daily periods; Mann-

Withney-U test for comparing medians among twotgagtiods:*: p<0.05; **: p<0.01; ***: p<0.001; 1 vs 2 (NPERA VS PE): *<0.05; ***: p<0.001; 1 vs 3 (NPERA VS

RECESS): M: §0.01; M*: £0.001; 2 vs 3 (PE VS RECESS):9@:05; ++=x0.01; +++: 0.001.

108



Table 5. Comparison between net and accumulatets$.bou

NPERA (1) . PE (2) . RECESS (3) .
Elementary School Sig. Sig. Sig.
N Range- N Range + N Range- N Range+ N Range- N Range+
Bouts 1 m (bouts/day) 57 31.0 2 25 24 195 16 219 31 260 16 20.2 *
Bouts 2 m (bouts/day) 52 265 0 0.0 ¥** 45  23.0 0 0.0 ¥»** 50 255 0 0.0 b
Bouts 4 m (bouts/day) 42 215 0 0.0 * 43 22.0 0 0.0 ¥»* 43 22.0 0 0.0 b
Bouts 5 m (bouts/day) 36 185 0 0.0 ¥»* 36 18.5 0 0.0 ¥»* 35 18.0 0 0.0 b
Bouts 6 m (bouts/day) 18 9.5 0 00 ro 22 115 0 0.0 ¥»* 25  13.0 0 0.0 b
Bouts 8 m (bouts/day) 8 4.5 0 0.0 *»* 16 8.5 0 0.0 ¥ 20 10.5 0 0.0 b
Bouts 10 m (bouts/day) 5 3.0 0 0.0 * 12 6.5 0 0.0 *» 14 75 0 0.0 ok
Bouts 12m  (bouts/day) O 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0
T Bouts2m (min/day) 52 265 0 0.0 ¥* 45 23.0 0 0.0 ¥»* 50 25.5 0 0.0 ok
T Bouts4 m (min/day) 42 215 0 0.0 *r 43 22.0 0 0.0 ¥k 43 22.0 0 0.0 ok
T Bouts 5m (min/day) 36 185 0 0.0 ¥* 36 18.5 0 0.0 ¥»* 20 10.5 0 0.0 ok
T Bouts 6 m (min/day) 18 9.5 0 00 ¥ro 22 115 0 0.0 ¥»* 20 10.5 0 0.0 ok
T Bouts 8 m (min/day) 8 4.5 0 0.0 * 16 85 0 0.0 wx 21 18.1 8 6.8 ok
T Bouts 10 m (min/day) 5 3.0 0 0.0 * 9 5.0 6 12.5 16 16.5 8 4.5 ok
TBouts 12m (min/day) 5 3.0 0 0.0 * 0 0.0 11 6.0 ** 0 0.0 14 75 ok
NPERA (1) . PE (2) . RECESS (3) .
Secondary School Sig. Sig. Sig.
N Range - N Range + N Range- N Range+ N Range- N Range+
Bouts 1 m (bouts/day) 64 38.0 8 241 * 37 266 12 201 ** 31 17.0 2 17.0 **
Bouts 2 m (bouts/day) 66 335 0 0.0 »x 27 14.0 0 0.0 ** 6 3.5 0 0.0 *
Bouts 4 m (bouts/day) 64 325 0 0.0 »x 23 12.0 0 0.0 ** 6 3.5 0 0.0 *
Bouts 5 m (bouts/day) 63 32.0 0 0.0 »ro 22 115 0 0.0 ** 5 3.0 0 0.0 *
Bouts 6 m (bouts/day) 49 250 0 0.0 17 9.0 0 00 ** 4 2.5 0 0.0
Bouts 8 m (bouts/day) 36 185 0 0.0 E 9 5.0 0 00 *= 3 2.0 0 0.0
Bouts 10 m  (bouts/day)30 155 0 0.0 6 3.5 0 0.0 2 15 0 0.0
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Bouts 12 m  (bouts/day) O 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

T Bouts 2 m (min/day) 65 33.0 0 0.0 Wk 27 140 O 0.0 k6 3.5 0 0.0 *
T Bouts 4 m (min/day) 63 320 0 0.0 ¥k 23 120 O 0.0 k6 3.5 0 0.0 *
T Bouts 5 m (min/day) 62 31.5 0 0.0 Wk 22 115 0 0.0 w3 2.0 0 0.0

T Bouts 6 m (min/day) 47 240 0 0.0 % 16 85 0 0.0 *x 3 2.0 0 0.0

T Bouts 8 m (min/day) 34 175 0 0.0 k9 5.0 0 0.0 *» 16 9.5 1 1.0 ok
TBouts 10 m (min/day) 28 145 0 0.0 k6 3.5 3 8.0 9 6.0 1 1.0 o
T Bouts 12m (min/day) 30 155 0 0.0 *x 0 0.0 6 3.5 * 0 0.0 2 15

Range -: Negative Ranges; Range +: Positives RaNgESRA: Non-PE or Recess Activities; T: Time. ninates.
* p<0.05; **; p<0.01; ***: p<0.001. for Wilcoxon’s test comparing ranges of awgiated minus net bouts during NPERA. PE and

Recess.
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Abstract:

Background School-based activities (SBA) might be a maintdbator to total daily
physical activity (PA), which should be related witealth outcomes. Recess time (RT)
is a main component of SBA where scholars playlyraed could contribute up to 40%
health guidelines. The main goal of this study wasnalyze the association between
accelerometer-measured PA during RT and cardiagagspy fitness (CRF) in children
and adolescents.

Methods 172 Spanish"8to 12" grade children and adolescents, aged 8 — 19 yeaes
recruited from 8 schools and high schools. PA kewskre measured with GT3X
accelerometers over 7 days. CRF was measured aspogtable breath-by-breath gas
analyzer (Metamax 3B). Sample was split in différeategories: gendeBMI and
health status. A general lineal model (GML) wasdwarted to analyze the association
between PA intensities and maximum oxygen upt&@»(ax) during RT. Additionally

a logistic binary regression was used to evalulagerisk of unhealthy CRF among
different categories of PA and sedentary time.

Results Those participants classified as healthy showigtien PA levels during RT
than unhealthy. GML analysis showeddentary time during RT was significantly
associated witWO,yax Finally, pupils who did not meet at least 15 m@tentary time
during RT presented high probability of having ualtiey CRF (OR = -3.774; 95% CI -
0.002 to 0.235)

Conclusion Our data seem to suggest an effect of sedentagydnd unhealthy CRF.
Thus, school-aged children and adolescents mustriipowered to perform PA during
RT in order to prevent deleterious effects of s¢agrtime in CRF.

Key Words: adolescents, children, physical activity, physiedlucation and training,
schools.
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Introduction

There is an increased health-related interest ghitoygical activity (PA) and sedentary
behavior in children and adolescents (1). It islAkebwn that regular moderate to
vigorous PA (MVPA) influences positively cardiorasppory fitness (CRF), which is
associated to numerous health-related benefitsS&Jentarism has been related with
cardiovascular diseases (CVD) (3) and metabolieadiss (4) independently of PA.
Also, sedentary time (ST) has been associatedanlitv CRF, which has been reported
to influence negatively CVD (5) and metabolic dsea(6). However, less is known
about the influence of sedentary time (ST) on CRFassessed by maximum oxygen

uptake (VOwmay in children and adolescents, particularly dusegool time.

ST and MVPA have been described as the most twalif®nsions associated with
VOamax (7), moreover, they might have independent effechealth (4). So, sedentary
behavior should be considered distinct from a latkMVPA, such that excessive
sedentary behavior has been linked with CVD and\@yy.x independently of MVPA
(7-9). Thus, it has been reported that engagindlddabreaks during ST, there must
be benefits on health outcomes and reduced CVDfarslors can be attained in adults
(10). Regarding PA in youth, studies have been ipdacused on whole-day activities
(2, 11) or exercise during school-based intervasti(l2), so studies with school-aged
subjects have shown improvements of body compositibone-mass, academic
achievements and VM. with exercise programs of PA bursts or reducedtleibouts
(13-16). These previous findings provided empirikabwledge to support school
schedule can represent a valuable time in promatatgal health outcomes. Although
interventions have showed proven efficacy (12, 1bually those not include all

students or they can continue expending a sigmfi&d during school schedule, which
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may represent a limitation. Additionally, early easch in the field of sedentary
behavior was used to assess ST by self-report iqoneatres, computer time or TV
viewing (17), which do not asses accurately sedgit@havior and this measurements
should not be interpreted as a reflection of t8fRl(18). On the other hand most studies
that measured V&hax used indirect equations (7, 19), which are pranertors and

should not be considered as a valid individual jted of VO,uax With children (20).

Recess time (RT) is a daily opportunity where sateotan freely choose their activities
and it has reported as contributing up to 40% ¢tomanended daily PA (21, 22). In
spite of this positive contribution, the influenaePA levels during RT on V&) still
remains unclear. Moreover, ST of RT has been raeggrted and much less analyzed
its deleterious influence in ViYax. Classical surveys have been focused on searching
the daily PA intensity levels associated with }/gX(23). Another analysis perspective
has been the healthy (H) and unhealthy (UH\Qcutoffs for children and
adolescents, which have been associated with eastalar or metabolic markers (5, 7,
24), but there is lack of knowledge regarding hodvdimension can influence the risk
of having H or UH VQnax As consequence, studies have been largely foarsed
general weekly PA, not measuring specific PA castexch as RT (1, 9, 17, 18), which
can determine V@yax in general scholar population since is a daily gmn

appointment for all children and adolescents. lid@gng daily time more associated
with low or high VQuax may help us to implement educative policies ireotd

promote or avoid healthy/unhealthy behaviors.

In our knowledge, it does not exist any study, \whas analyzed the impact of recess

PA or sedentary time (assessed by acelerometry®Bmax (measured) in children and
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adolescentsThe purpose of this study was to examine whethjgrctiely measured
recess PA and ST are associated Wihbvax independently of total daily PA.
Additionally, we hypothesize that there could bmsaecess PA or ST variables, which
will partially determine unhealthy or healthy Vi@« condition in children and

adolescents.

Methods

Sample

In this cross-sectional study, 172 healtt‘fy—Sléh Spanish grade children and
adolescents, aged 8 — 19 years were recruited8reamools and high schools from
Spain (Malaga, Orense and Jaen regions). Detaifedmation about procedures and
risks was exposed to parents/guardians and a witttermed consent was obtained
prior to participation in the study. All procedungsre in accordance with the ethical
principles for medical research involving humanjsats from Helsinki declaration (25)

and, approved by the Ethical Committee of the Unsitye of Malaga, Spain.

Accelerometry

Actigraph GT3X monitors were used to measure PAi¢aph, Pensacola, FL, USA),
which collects motion data on 3 orthogonal axesciwlvas reported reliability to
guantify PA (26). Participants wore accelerometerst to the right hip (27) and
fastened with an elastic belt. Data was collectgd tvs epoch as previous studies with
children between 5 and 16 years (26, 28), to atelyraapture patterns of high intensity

and short duration PA.
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In order to show differences between weekdays aekend PA patterns, students
were instructed to wear the accelerometer for Beoutive days (5 week-days and the
whole weekend) except duringater activities (swimming, showering) or while
sleeping(29). Day one and day eight were combined to form apamite seventh day
of data, briefly: The first day f1at 9.00 AM) and the time to stop collecting dat2.00
PM) were set, the following days"f2o 7"), ACLs were programmed to record whole-
day (0.00 AM to 23.59 PM). The last day'f&®CLs were set to record from 0.00 to
8.59 AM. Researchers placed devices during teeday in an explanatory session.
Additionally, information about activities duringtsool (9.00 AM and 2.00 PM) and the
rest of the day (between 2.01 PM and 12.00 PM) wnemerded. A weekly diary was
also given for the purpose, in which subjects vesteed to write down when they got
up and went to bed, such as attendance to PE sla@gg#en instructions for wearing
the instrument was explained and given to eachcgaant. A wear-time of> 10
hours/day for 5 days was used as the criterion for a valid nreasent (30). From
those, subjects who had at least 4 of 5 accelesyrdata from recess were included in

the analysis.

Data were downloaded from GT3X to the same computere it was initialized to
prevent time disturbances. Data analysis was choug using the software ActiLife 6.0
(ActiGraph). The cut-off points proposed by Evend0atellier (27) were used:
Sedentary PA: 100; Ligh PA> 100; Moderate PA 2296 and Vigorous PA 4012
countsmin-1. Daily PA including PE days, daily PA witho@E days, PE classes and
weekly usual day (weighted average consideringdays of PE a week and two

weekend days) were analyzed. All PA levels have lbeported as minutes/day or
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minutes/class of PE, steps/day, steps/session ahBEaily percentage in order to

standardize PA values.

Cardiopulmonary exercise test (CPX-T)

The Chester Step Test was selected as CPX-T, whhalidated incremental five-
level step test (31). It consists of going up aadim in a bench (from 32 to 52 cm) at a
pace set by a signal sound, which progressivelyspasded up throughout the course
of five levels. All children engaged a previous t@sd they were reminded briefly what
students were required to do. Later, they were @aged until exhaustion and the test
was terminated either by the subject (because sgria and/or leg fatigue) or by the
supervisor when the student was unable to maiptaiperly the cadence for 15 seconds

(32).

VO,uax Was assessed using a portable breath-by-brea#tbatietunit (Metamax 3B,
Cortex Biophysic, Leipzig, Germany) while performi@PX-T. The gas analyzers were
calibrated using as references the room air arattielof known Qand CQ
concentrations (5.0% CG015.0% Q). Volume calibration was conducted with a three-
liter volume syringe (Calibration syringe D, Semaedics Hans Rudolph Inc 5530)
each testing day. Heart rate was also collectedyasPolar Teafm(Finland) stored

every 5 seconds.

A total of 668 acelerometers were worn. Consideliisg data device, lost device and
not meeting Troiano, Berrigan (30) recommendati@82, accelerometers were stored.
From those, 172 had at least 4 recordings of remesserometers. Regarding CPX-T,

503 breath-by-breath tests were performed untitisobl exhaustion. Four hundred
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eighteen were considered valid (85 were discar@eduse of telemetry errors, non-
valid data or technical issues). All together aitelaetry and VQyax valid data

included a total of 147 participants.

Statistical Analysis

All variables are shown as mean and SD or medidiraamges. The Kolmogorov-
Smirnov test was used to confirm a non-parametsicidution. Spearman’s correlation
analyses were carried out in order to explore aggons betweeWO,yvax and PA
intensities durindRT. Further, ageneral lineal model was used to identify whiotess
PA variables were significantly associated with décome variable (V&)ax as
independent variable)The model was adjusted for daily ST and MVPA timthaut

RT.

Additionally, children and adolescents were clasdifis “High VQuax/ Healthy” (H)
or “Low VOazuax / Unhealthy” (UH) according to sex-specific anekagpecific cut-off
criteria for participants between 10 and 18 yea43 &nd under 10 years (8).of
Mann-Whitney tests were conducted to compare Prabkes between sexes and
VO,max Categories.In order to conduct binary logistic regressionjated for age, sex
and daily PA without recess) between recess PAV&W, .« Categories, recess PA
variables were transformed into binary variablefodew: i) scholars who met or not
15 min of ST during RT; ii) scholars who met or Baninutes of MVPA (5min
MVPA). The level of significance was set at .05 for all the tests. Analyses were

conducted with the SPSS software (v. 20.0).

Results
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Participants included in this analysis were 12 .&yg®ld on average and 69% were
normal weight without difference between girls drays (Table 1). Both girls and boys
did not meet PA activity recommendations, althobgis performed significantly more
minutes of MVPA than girls (46.2 vs. 52[7< 0.05. VOzumax Was higher in boys than

girls.

TABLE 1 HERE

Overall, H and boys were more active during RT lasd sedentary than their UH and
female counterparts (both min/day and %). Regaréi@gvax Categories, all variables
revealed high statistical differencgs< 0.001). Regarding sex, main differences shown
that boyshad higher VQyax, (44.1 vs. 35.9p < 0.00]) total PA (11.0 vs. 8.1 min/day;

< 0.00)), light PA (22.4% vs. 17.5%3< 0.00) and less ST (20.0 vs. 23.2 min/day and
64.6% vs. 74.3%; both< 0.00] (p < 0.001) compared to girls. H participants
displayed lower BMI than UH (19.5 vs. 20.1£®.05) whereas no differences were

found between male and female.

Additionally, no differences were revealed regagdsexes between H students. UH
differences revealed that girls accrued a highatrdmtion to total MVPA than UH

boys (4.7% vs. 3.2%; $ 0.005.

TABLE 2 HERE

Correlations adjusted for total daily PA amorQ2vax, BMI and PA intensities during

RT are reported in table 2ll PA intensities during RT were associated VW2 ax
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and BMI. Negative associations were found W& between BMI and ST-0.180,p <
0.05;-0.471,p < 0.001, respectivelyyhereas light (0.417), moderate (0.352), vigorous
(0.451), MVPA (0.422) andbtal daily PA(0.464) were positively associated (@

OOOl)WIth VOZMaX-

TABLE 3 HERE

General lineal modedhowedhatST during RT(B = - 0.577;p < 0.00) and agdp = -
1.297;p < 0.00) were inversely correlated with \i(x, Whereas seffy = 6.323;p <
0.01), was also a predictor of \Vlaax. The final model adjusted fakaily ST and daily
MVPA time without RT, explaine9.3% of variance 0¥ O,pyax (R2 =0.393,p<

0.001)

Odds ratios adjusted from the logistic regressietmvben VQuax categories and
categorical variables of recess PA. There wakehtiod of -3.774 times to be in H
category among those participants who met at [Eastinutes of ST during RT (p <
0.01). Regarding 5 min MVPA category, this was astgnificant predictor of healthy

VOsmax.

TABLE 4 HERE

Discussion.

In this paper, we analyzed PA levels during RT, iehaur primary aim was to examine

associations between PA and ¥ during RT in school-aged participants. The main
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findings were: A) H participants have higher PAdiauring RT than those classified as
UH; b) we confirmed the importance of sedentaryavédr as main determinant of
VO2,max and C) moreover, we found a higher likelihood ¢écaln UH VQyax When

spending more than 15 minutes during RT.

Our PA data during RT (Table 2) were similar witl/RIA reported from English
children (33). However % of MVPA was lower thanldnén and adolescents from
England and Spain (22, 34), which suggests ouicgaahts were poorly active, as
confirmed by the low accomplishment of MVPA guidels of 60 minutes a day (Table
1). Those differences might be consequence of seaspalcts such as social
characteristics, boys/qirls ratio, sport playgragirepace availability and access to sport
equipment have been suggested to influence PA eh&5). It does not seem

probable social characteristics or environmentcafber results since this study was
conducted only in public primary and secondary sthallocated in middle class
neighbors in different regions of Spain (North &walith), also assessments were
conducted between the late September and earl\b@rctehen the weather is similar in
both areas (no significant rainfalls and mild tenaperes). However, we cannot confirm
results from other regions of Spain or Europe vedatained in similar circumstances
and settings. All schools have large sport playgdsuequipped with basketball rings
and futsal goals, also wide yards surrounded thggobund, moreover children and
adolescents could ask for sport goods to play duecess, so sport playgrounds, space
availability and access to sport equipment shoafltl &ffected all participants similarly,
not being a source of bias in our sample. Regarsixgwe had a well-balanced
boys/girls ratio, and in accordance with previowslgs, boys were more active than

girls during RT (22, 34-36), despite boys and dudsl similar opportunities engage
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freely in PA and be successful. Since some autmave reported no significant
differences between boys and girls from the sam®mne during other school-based PA
such as physical education (36), that suggestsrthgtbe some social, psychological or

physiological issues restrict girls to occupy theisure time with PA.

When using VQuax as health CDV criteria, the PA results reportethaprevious
paragraphs may have implications for CDV healtleesiall PA intensities (min/day or
%) were significantly higher in H than UH particiga. That profile followed similar
trend for BMI and ST, so UH children and adolessdrad higher values than H on
average. Our general lineal model analysis confirthe importance of BMI, age and

ST, which were significant predictors of Y« independently of total daily PA.

The novel finding of this study walsatST during RT was negatively associated with
VO,uaxindependently of totalaily PA, which was not confirmed for MVPA during
RT. Additionally, results from the binary logistiegression confirmed that participants
who kept sedentary more than 15-minute RT, wereerikely to be classified as UH
compared to those who were not. To our knowledg&etis no previous research
reporting associations betwesedentary RT andOypax Or analyzing VQuax
categories and PA patterns during Ribwever, the effects of ST on impairé®ayax
have been reasonably well established, in instpralenged sitting time during
childhood has been inversely related with M@ (11). Althoughthe inheritance of
VO2,max has been reported to contribute up to 50% (37it3®ems that ST should be
taken into account for youth healthy lifestyle (89). Thus it has been suggested that a
10-minute increase of MVPA lessened 14-minute $b-minutes of vigorous PA

prompted less 11 minutes of ST (39). Short bre&ls2ohave been also useful
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strategies to promote health outcomes (9, 10, #0,We could not confirm those
strategies, however our analysis revealed thatdaexpend more than 50% of the recess
(15 minutes) on sedentary behavior reduced theghibty of having UH VQpax On

3.774, in accordance with school-based intervestdring teaching time, which
reported benefits on BMI, CRF, bone mass and civgniinction (13-15). Those

results confirmed that encouraging children torigat ST (with bursts of PA, if

possible MVPA) is viable strategy in scholar sg$inwhich can ensure a healthy

VO2max ON average.

We could not explore the underlying mechanismséptain why young break
sedentary mechanism during RT, which is yet poonigerstood. This study has been
mainly focused on the efficacy of avoiding ST onx& variable, nevertheless we do
not know if a 15-minute bout is worse than fifteeminute bouts ST. Previous studies,
have described either short or long bouts provaleular benefits on VQuax (16),

which may confirm our 15 minute as a valid thredghdllthough RT lasts half hour per
school-day in Spain, the total amount of time peekvaccumulate 2.5 hours, which has
been suggested to compensate seven hours a weekobing TV or similar activity

(42) and significant contribution for meeting haglguidelines of PA (21).

Regarding age, papers spotlighted that reportiag@és irvOauax per kilogram of

body mass would be a confounder, due to the grassieciated changes in body mass
(43).During growth, the rate of decline of relative Mf was affected by inactivity;
which was more acute in girls across adolescenezeals in boys was more stable (44).
During growth, a decrease WO uax has been issued, similar to our resuits ¢1.297)

Additionally, similar findings have been displayguring a RT-based context over 2 to
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5 years period of follow-up with elementary andhsgghool subjects, where the levels
and bouts of ST increased significantly statislycdliring school, being more inactive
at later age (1, 45Boys might consider this unstructured environmen
opportunity to be competitive and were prone ty giaort games, dominating the
space, whereas girls tended to do less demandivgias such as skipping rope,
walking or socialize with friends (35, 36). Sex-bd€xpectations and norms may
influence a child's choice of PA, being more likeybe active during unstructured
situations such as RT (36). Subsequently, in amlaxvoid this behavior, particularly
among girls, targeting and encouraging PA among girght be important in order

reduce their ST.

Results suggested that children and adolescentsdstiscourage ST because those
who met more than 15-minute of ST during RT hadh&rdikelihood of being UH than
those who were less sedentary during Rirther, targeting sedentary subjects RT
might have a reflection on total PA and M further, seems easy and feasible to
identify rather than others PAs, which request tarexposure time to detect this
behavior. Previous findings may be of vital impade for future policies and CRF

status with school-aged subjects.

Strenghts and limitations.

Strengths of this research were that CRF has esssed by a breath by breath
portable unit. PA was monitored using GT3X acceategters (at 1 s epoch) in 3 Spanish
regions (including 8 schools and high schools).d¢ebjective sedentary PA levels
have been collected during a daily free-play astivistead of self-report questionnaires

or TV viewing. Children and teachers were told dliba function of the accelerometers
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but it was mentioned that the aim was to assesgb¥wA without mentioning the RT.
These measurements included at least 4 of 5 re;egbiEh was a solid measurement

of PA pattern.

There are some limitations that may make us tapnée our results cautiously. The
sample was drastically reduced because around @086tdneet PA criterions
published in Troiano, Berrigan (30) and were rendofvem the analyses. Additionally,
even if accelerometers have shown to be valid alabte for PA measurement, they
have some limitations; these devices do not reeegthie type of PA behavior (sitting,
standing still, strength activities...) and the pararities of the week that might
influence the extent or increase of PA during RTen®ot controlled, on the other hand
we assume it is impossible to measure the same ek in free living conditions.
Furthermore, RT cut-points related to PA intensitaere not found in papers, therefore
further research of more specific cutoffs andnfiuence on health might be of interest.
And finally should be taken into account ttress sectional study design and a limited
sample of subjects (n=172). Future studies shotukehd the assessment of patterns of
children’s PA and associatiowith VO,uax in different school-based contexts to larger

samples.
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CONCLUSIONES

a)

b)

f)

g)

Los diferentes criterios empleados a nivel metogio® en el empleo de
acelerometros, dificultan la comparacion entre distua pesar de que existan
ciertos puntos a nivel metodoldgico.

Los mejores predictores del ¥« son la edad, el tiempo total a intensidad
sedentaria y la categoria de indice de masa cdrpora

Los niveles de AF son bajos, asi como el cumplitoiele recomendaciones en la
poblacion escolar.

El recreo y la educacion fisica permiten acumulaa umayor cantidad de
actividad fisica a intensidad desde moderada aragsgopor hora que otras
actividades de mayor duracion.

Se muestran diferencias en los niveles de actiViidéch, asi como en los bouts
netos y acumulados durante el receo, EF y resautiledades.

Los resultados en el andlisis de bouts, sugierderetdites patrones de
comportamiento de los bouts en funcion de su asaiemo bouts netos o
acumulados.

Los alumnos deben evitar permanecer a intensidadeh sedentaria durante el
recreo, debido a que quienes acumularon mas deirllias tuvieron mayores
posibilidades de tener un consumo maximo de oxigatalogado como no
saludable.

Conclusién general:

Los resultados de la presente tesis revelan di&eren los niveles de AF, bouts
acumulados y netos durante las actividades anabzalgntro y fuera del horario
escolar. En general se muestran unos niveles bajoSF en escolares de primaria y
secundaria. Al respecto, cobra importancia redwsirniveles semanales y durante el
recreo a intensidad sedentaria para no disminsiivddores de V&yax.
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CONCLUSIONS

a)

b)

9)

The different methodological criteria used with @lecometer, makes it difficult
to compare criteria among researchs in spite ofespapers carried out similar
methods.

Main predictors of maximum oxygen uptake age, total sedentary time and
body mass index category

Overall, subjects displayed low physical activityéls and low meeting of health
guidelines among school-aged population.

Recess and physical education classes allow agcrairhigher moderate to
vigorous physical activity per hour than other lengctivities.

Differences in PA levels, net and accumulated batsdisplayed during recess,
PE and NPERA.

Analysis of bouts suggest different pattern of edrawhen using accumulated
or net bout approaches.

School-aged subjectshould discourage sedentary time during recessubeca
those who met more than 15-minute had higher hloeld of being UH.

Overall conclusion:

Our results show differences regarding PA levett, and accumulated bouts during
school-based activities and out-of-school actisiti©verall, low levels of PA are
displayed in elementary and secondary school sighjem regard of VQyax
discouraging weekly and recess ST is importanhériessen V@yax levels.
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