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Resumen

Actualmente, atin no hay suficiente informacion sobre el efecto de la condicidn fisica y
el gjercicio en la infancia, y su impacto en la edad adulta. Existen datos contradictorios
en la literatura acerca de la influencia del género, la condicién cardiorrespiratoria y la
actividad fisica sobre los cambios metabdlicos, de estrés oxidativo e inflamatorios. De
hecho, atin no se han identificado biomarcadores especificos en relaciéon con una mejor
o peor condicion fisica, que condicionen un papel en el desarrollo o la prevencion de las
enfermedades pediatricas.

El objetivo general de esta tesis ha sido evaluar el impacto de la condicién fisica
y la actividad fisica sobre determinados biomarcadores tradicionales y no tradicionales
de riesgo metabolico, de estrés oxidativo e inflamatorios, en nifios prepuberes sanos.

El estudio se llevd a cabo en centros de educacion primaria de Cordoba, Espaiia.
Se seleccionaron 141 nifios sanos (88 nifios y 53 nifias) de 7-12 afios, en estadio puberal
de Tanner I. Se clasificaron en dos grupos en funcion de su nivel de condicion fisica tras
realizar el test de 20m “shuttle run test”: un grupo de baja condicidén fisica (LF) y otro
grupo con alta condicion fisica (HF). Por otro lado, se dividieron en dos grupos en
relacion al ejercicio que realizaban en un programa de actividades extraescolares, o si
eran sedentarios, tras realizar un cuestionario adaptado para obtener informacion sobre
la practica de actividad fisica. Paralelamente se midieron paradmetros antropométricos,
de presion arterial, y se analizaron biomarcadores en sangre de riesgo metabolico
clasicos y no tradicionales (incluidas adipoquinas) y marcadores de estrés oxidativo.

Los principales resultados fueron:

- El grupo con baja condicién fisica, con respecto al HF, presentd: a) mayores
niveles de triglicéridos, glucosa, insulina e indice de resistencia a la insulina HOMA; b)
menor produccion de HDL-colesterol y apolipoproteinas A; c) similar produccién de
oxidantes y menor produccion de antioxidantes; d) menor produccién de leptina y
mayor de interleuquina 6. No hubo diferencia entre grupos en el resto de biomarcadores
medidos.

- El grupo que no practicaba actividad fisica con respecto al que si lo hacia
presentd: e) similar produccion de oxidantes y menor de antioxidantes; f) mayores
niveles de factor quimioatractivo de macréfagos (MCP1) y valores similares en el resto
de biomarcadores de inflamacion.

- Al comparar por género, el grupo de nifias con baja condicion y practica fisica
presento: g) mayor nivel de glucosa, colesterol total y de LDL colesterol que los nifios.

- El grupo de nifias presentd mayor estrés oxidativo que los nifios.

Los resultados mostraron que una adecuada condicidn fisica apoyada por una practica
regular de actividad fisica realizada durante la infancia podria ayudar a evitar el
desarrollo de patologias en la adolescencia y/o en la edad adulta como el sindrome
metabdlico y mayor estrés oxidativo, favoreciendo también un equilibrio mas saludable
en la produccion de adipocitoquinas.






Summary

Currently, there 1s not yet enough information about the effect of fitness and exercise in
childhood, and its impact in adulthood. There are conflicting data in the literature
regarding the influence of gender, cardiorespiratory fitness and physical activity on the
metabolic changes, oxidative stress and inflammation. In fact, specific biomarkers in
relation with a good or a poor physical condition have not been identified yet. The
identification of some biomarkers could condition the development or prevention of
pediatric diseases.

The aim of this Thesis was to assess the impact of fitness status and physical
activity on classical and non-classical plasma metabolic risk biomarkers, oxidative
stress and inflammatory parameters in healthy prepubertal children.

The study was conducted in primary schools in Cordoba, Spain. We selected 141
healthy children (88 boys and 53 girls) aged 7-12 years, at Tanner I pubertal stage. They
were classified into two groups according to their level of fitness after doing the 20m
shuttle run test: low fitness (LF) and high fitness (HF) groups. In addition, these
children were divided into two groups after an evaluation about physical practice or
sedentary activities. For this evaluation, and a questionnaire was adapted for
information on physical activity or sedentary situation and the exercise practice in a
school program. Anthropometric parameters and blood pressure were measured. Blood
classical and nontraditional metabolic risk biomarkers, adipocitokines and oxidative
stress markers were analyzed.

The main results were:

- The group with low fitness, with respect to the HF group, presented: a) higher
levels of triglycerides, glucose, insulin and insulin resistance index HOMA, b) lower
production of HDL-cholesterol and apolipoproteins A, ¢) similar oxidant production and
lower production of antioxidants; d) lower production of leptin and higher of
interleukin-6. There were no differences in the other biomarkers measured, between
thes groups.

- The group that did not practice physical activity with respect to practice it
showed: e) similar production of oxidants and lower of antioxidants, f) higher levels of
macrophage chemoattractant factor (MCP1) and similar values in the rest of biomarkers.

- Comparing by gender, the group of girls with low fitness and no practice of
physical activity presented: g) higher levels of glucose, total cholesterol and LDL-
cholesterol than boys.

- The group of girls showed higher oxidative stress than boys.

Results showed that an adequate physical condition supported by regular practice of
physical activity during childhood could help to prevent the development of diseases in
adolescence and/or in adulthood as metabolic syndrome and higher oxidative stress,
promoting a healthy balance in the production of adipocytokines.
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La sociedad actual, condicionada en gran medida por el estrés, estd sufriendo una
transformacion metabolica tras el abandono de dietas saludables, como la dieta
mediterranea, asi como tras la reduccidon de otros habitos como la actividad fisica (AF)
(Pate et al., 2009), y aumento del sedentarismo. Desde edades tempranas, el
sedentarismo parece estar relacionado con el desarrollo de determinados factores de
riesgo de enfermedad cardiovascular (ECV) (Martinez-Gomez et al., 2011). El nivel
actual de practica de AF es cada vez menor, siendo especialmente relevante en la
poblacion escolar. La presencia de estos factores y habitos de riesgo ya durante la nifiez
y la adolescencia incrementa de forma notable la probabilidad de desarrollar
determinadas patologias en la vida adulta. Estas patologias incluyen: obesidad, diabetes
tipo 2, dislipidemia, aterosclerosis, trastornos del comportamiento alimentario,
osteoporosis, y ciertos tipos de cancer (Gonzdlez-Gross et al., 2003). De hecho, aunque
las manifestaciones clinicas indicativas de estas enfermedades suelen aparecer en la
edad adulta, se sabe que en gran parte de ellas, su patogenia se establece en la infancia o

en la etapa de la adolescencia (Warnberg et al., 2004).

Condicién Fisica
Actividad Fisica

[ Sindrome
Metabolico

» Condicion Fisica

Oxidativo ¥ « Actividad Fisica

Condicion Fisica

Inflamacion o
¥ Actividad Fisica

Figura 1. Esquema de la interaccion entre la condicidn fisica y actividad fisica y el desarrollo de
Sindrome Metabdlico, Estrés Oxidativo e Inflamacion.
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CONDICION FISICA

La condicion fisica (CF) se define como la capacidad para hacer ejercicio, entendida
como una medida integrada de las funciones y estructuras que intervienen en la
realizacién de ésta: muscular esquelética, cardiorrespiratoria, hemato-circulatoria,
psiconeuroldgica y endocrino-metabodlica (Moliner-Urdiales et al., 2010). La capacidad
cardiovascular (CCV) es un marcador directo del estado fisiologico y refleja la
capacidad general de los aparatos cardiovascular (CV) y respiratorio. En la actualidad,
un indice bajo de CF se considera un fuerte predictor de riesgo de ECV no sélo en
sujetos con sobrepeso u obesidad, sino también en sujetos con normopeso (Naylor et al.,

2009, Ortega et al., 2011).

En importantes estudios longitudinales se ha constatado que el nivel de CF que
se posee en la vida adulta, asi como la presencia de otros factores de riesgo CV ya
conocidos (hipercolesterolemia, hipertension arterial y otros), estdn condicionados por
el nivel de forma fisica que se tiene en la infancia o la adolescencia, especialmente por
la capacidad aerobica (CA) y la fuerza muscular (Twisk et al., 2002). Ademads, la
realizacion de forma habitual de ejercicio prolongado estd inversamente relacionada con
la aparicion de factores de riesgo CV (Ortega et al, 2007). En consecuencia, para
valorar el riesgo de enfermedad futura derivada del sedentarismo de la forma mas
precoz posible, debe comenzarse necesariamente estudiando a la poblacién infantil y

adolescente (Ortega et al., 2005).

ACTIVIDAD FISICA

La AF regular es considerada una de las estrategias mas eficaces para prevenir las
principales causas de morbimortalidad en los paises occidentales. Asi, en EEUU se ha
considerado el aumentar la practica de la AF como el primero de sus objetivos en el afio
2010. Ello estd motivado por los importantes riesgos que conlleva la falta de AF para la
salud individual y social (Naylor et al., 2009). En adultos, el mayor grado de AF se ha
relacionado de forma positiva con la salud CV, obteniéndose algunos resultados
similares en nifios y adolescentes (Kelishadi et al., 2008, Ruiz et al., 2006). La relacion

aparentemente obvia entre la CCV y la AF requiere atin mas estudios, principalmente
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debido a la complejidad implicita en la valoracion de la AF. No obstante, cuando se
utilizan mediciones objetivas de ésta, se observa que existe una relacion directa entre la
AF y la CCV (Ruiz et al., 2006). La practica de ejercicio fisico es uno de los requisitos
fundamentales para lograr un perfil lipidico-metabolico saludable, suponiendo que se

consigue una mejora de la CF, y por tanto, de la salud (Garcia- Artero et al., 2007).

Hay que considerar que en algunos estudios en adolescentes, la CF se asocia en
mayor medida a factores de riesgo CV que el grado de AF (Garcia- Artero et al., 2007)
aunque no existe unanimidad respecto a qué variables son mas influyentes. Es
interesante constatar que no se han realizado estudios en los que la variable AF sea
evaluada de forma independiente, ya que los trabajos realizados hasta el momento han
considerado sélo diferentes niveles de CF. Se ha indicado que los nifios que practican
AF tienen niveles superiores de CF que los que no practican (Ruiz et al., 2006). Sin
embargo, se pueden encontrar nifios con un alto nivel de CF y que no realicen AF
habitualmente, o por el contrario, nifios que practiquen AF pero que tengan una baja CF.
Por todo ello, continta sin conocerse con certeza si en los adolescentes, y sobre todo en
la infancia, se cumplen las recomendaciones actuales de AF en frecuencia e intensidad,

para lograr una CCV saludable.

SINDROME METABOLICO

El sindrome metabdlico (SM) se podria definir como la existencia de un grupo de
factores de riesgo CV impulsado por la resistencia a la insulina periférica. Los datos de
estudios recientes realizados sobre una poblacidn de nifios y adolescentes indican que la
prevalencia de SM varia entre 3% y 12% (Tailor et al., 2010).

Las sugerencias que se estan estableciendo para futuras investigaciones, son
determinar qué componentes individuales que condicionan la aparicion del SM
confieren el mayor riesgo en una futura morbilidad en los nifios. No hay una definicion
universalmente aceptada de SM en la infancia (Weiss et al., 2010). Sin embargo, un
consenso de la Federacién Internacional de Diabetes define el SM en nifios y
adolescentes como la presencia de obesidad abdominal més dos de los parametros

clasicos siguientes: (I) aumento de los niveles de triglicéridos (TAG), (II) reduccion en
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los niveles de colesterol de alta densidad (HDL-c), (IIT) hipertension arterial o (IV)

niveles elevados de glucosa en ayunas (Zimmet et al., 2007).

Por otra parte, para algunos
autores la alteracion de ciertos
factores no clasicos, tales como la
elevacion en plasma del 4cido
urico, o la disminucién de Ia
adiponectina (Gil-Campos et al.,
2011), se han asociado con
caracteristicas de resistencia a la
insulina, de hecho, se ha sugerido
que el acido turico puede ser un
vinculo clave para el diagndstico
del SM en nifios obesos prepuberes

(Gil-Campos et al., 2009).

Ademas, también se han
visto alterados en los nifios con SM,
incluso prepuberes, el indice de
resistencia a la insulina (HOMA-
IR), los niveles de colesterol total,
colesterol de baja densidad (LDL-
¢), apolipoproteinas Al (apo-Al) y

Bajas S
concentraciones
de HDL

f},}.?,.

AN
Altas concentraciones &
de LDL pequeiias
y densas /
k)

Hipertension
arterial

LDL: Lipoproteina de baja densidad
HOL: Lipoproteina de alta densidad

Figura 2. Alteraciones vasculares producidas en el
sindrome metabdlico y la diabetes tipo 2.

apolipoproteinas B (apo-B) (Gil-Campos et al., 2009; Bueno et al., 2006, Sellers et al.,

2009), transaminasas (Bouglé et al., 2010) y la proteina C-reactiva (PCR) (Mauras et

al., 2010). Todos estos factores de estudio se han incluido dentro de los denominados

“no tradicionales” de SM (Gil-Campos et al., 2011).

Relacion entre el Sindrome Metabdlico y la Condicion Fisica

Respecto a los beneficios asociados a la CF, se ha demostrado una relaciéon entre

la capacidad aerdbica (CA) y determinados factores de riesgo CV en adolescentes (Ruiz

etal., 2006; Mesa et al., 2006). Una alta CA (VO, max. > 51,6 ml/kg/min) se asocia con
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un menor indice lipidico-metabolico de riesgo CV, independientemente del grado de AF
y fuerza muscular. Ademas, aquéllos sujetos que poseen un alto grado de fuerza
muscular (tercil 3) presentan un perfil lipidico-metabodlico més saludable que los que
tienen un bajo nivel (tercil 1), independientemente de su CA (Garcia- Artero et al.,
2007). El andlisis conjunto de CA y fuerza muscular muestra que una alta CA se
corresponde con un riesgo lipidico-metabodlico bajo, sea cual sea el grado de fuerza. De
forma similar, un grado de fuerza muscular alto se corresponde con un riesgo lipidico-
metabolico bajo a cualquier grado de CA. Sin embargo, una baja CA se corresponde con
un alto indice lipidico-metabdlico, excepto cuando el grado de fuerza es alto, y a su vez,
un bajo grado de fuerza muscular se corresponde con un alto indice lipidico-metabodlico,

excepto cuando la CA es alta (Garcia-Artero et al., 2007).

Relacion entre el Sindrome Metabdlico y la Actividad Fisica

Entre los beneficios para la salud que se derivan de la practica regular de AF
destacan la mejora del perfil lipidico con aumento de las concentraciones séricas de
colesterol HDL-c y la reduccion de los TAG. Uno de los mecanismos para la reduccion
de los TAG es el aumento de la actividad de la lipoproteina lipasa (LPL), inducida por
la AF. En adultos sanos sometidos a ejercicio fisico se ha observado una reduccion de la
carga aterogénica reduciendo los niveles de las apo B o del indice apoB/ApoA-I, aunque
no se reduzcan los niveles de LDL-c. Diferentes estudios muestran también que el
gjercicio fisico promueve la mejora del metabolismo de la glucosa mediado por
insulina. Después de un ejercicio cronico o agudo, la absorcion de glucosa en el
musculo es mayor, ya que los receptores son mas sensibles a la accion de la insulina, lo
que facilita la resintesis de glucégeno. En nifios sanos, el nivel de AF se ha relacionado
inversamente con el indice HOMA-IR (Platat et al., 2006). Sin embargo, aun es
desconocido el papel de la AF sobre otros biomarcadores metabolicos no evaluados

tradicionalmente.

Por otra parte, todavia no esta claro hasta qué punto las relaciones entre la AF, la
CF y los factores de riesgo metabdlico estdn influenciados por el género. Varios
estudios han sugerido que el impacto de una elevada masa grasa, una baja CF y una baja
AF sobre cambios en los niveles de insulina es mayor en los nifios; mientras que en las

nifias, los cambios en los niveles de insulina se asocian sélo con cambios en la masa
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grasa (Imperatore et al., 2002; Gutin et al., 2005). Otros autores, sin embargo, han

informado de que la resistencia a la insulina varia con la CF en ambos sexos (Steele et

al., 2008).

ESTRES OXIDATIVO

La sobreproduccion de radicales libres de oxigeno pueden dafiar moléculas esenciales
tales como acidos nucleicos, proteinas, lipidos e hidratos de carbono, en un proceso
llamado estrés oxidativo (EO) (Isik et al., 2007, Mamiya et al., 2008, Antoncic-Svetina
et al., 2010). Para evitar la interaccion de especies reactivas de oxigeno (ROS) con
macromoléculas, las células han desarrollado diversos mecanismos de desintoxicacion,
asi como un sistema de defensa antioxidante (Urso et al., 2003). El sistema de defensa
antioxidante se puede subdividir en antioxidantes enzimaticos, tales como: la glutatiéon
peroxidasa (GPx), glutation reductasa y glutation S-transferasa, y cascadas enzimaticas
incluyendo la superoxido dismutasa (SOD) y la catalasa; y por otro lado, antioxidantes
no enzimaticos tales como 4cido urico o glutation (Rietjens et al., 2007, Ji et al., 2008).

Los efectos de la oxidacion se pueden predecir a través de marcadores
biolégicos de EO, que puede servir de base para el disefio de intervenciones apropiadas
para prevenir o aliviar el dafio oxidativo (Fisher-Wellman y Bloomer, 2009). La
deteccion de mas de un biomarcador de EO es crucial, ya que la de uno solamente,
puede inducir a resultados engafiosos (Tsukahara 2007).

Los niveles de ciertos marcadores de EO, pueden ser predictores de ECV, y
aunque ¢stas se presenten en la edad adulta, parece que dichos factores de riesgo pueden
aparecer durante la infancia (Roberts et al., 2007). Tsukahara (2007) indica que en
condiciones fisiologicas normales, las personas mas jovenes (especialmente nifios)
tienen mdas probabilidades de estar expuestos a mayores concentraciones de ROS y
nitritos totales (NOx), como marcador del 6xido nitrico (NO), que las personas
mayores. Por otra parte, los autores han asociado la patogenia y evolucion de numerosas
enfermedades a esta edad con ROS inducidas por el dafio oxidativo (Casado et al.,
2007). Ademas, el uso de antioxidantes ha presentado nuevas perspectivas terapéuticas
para las enfermedades que estan relacionadas con mejorar el EO (Tsukahara, 2007). No
obstante, los niveles de EO en una poblacion sana con diferente CF y en edades

diferentes no ha sido suficientemente investigado.
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Figura 3. Esquema del mecanismo de accion de moléculas con accion oxidante y antioxidante.

Relacion entre el Estrés Oxidativo y la Condicion Fisica

Parece que los nifios y adolescentes que practican AF fuera del horario escolar, o
los que se someten a un periodo de entrenamiento sin tener en cuenta su CF, presentan
concentraciones menores de antioxidantes o elevaciones de ROS en reposo respecto a
los que no practican (Gougoura et al., 2007). No obstante, existen estudios que
presentan resultados contradictorios dependiendo de la variable estudiada y del tipo de
AF practicada, en funcion del nivel de entrenamiento y de la intensidad (Gornenc et al.,
2000, Cavas et al., 2004). Se han observado descensos en los niveles de determinados
biomarcadores de EO tras periodos de entrenamiento (Gonenc et al, 2000). Sin
embargo, en otros trabajos al estudiar éstos en relacion a una AF aguda o de alta

intensidad, se ha observado un aumento de EO.

Relacion entre el Estrés Oxidativo y la Actividad Fisica

Aunque la AF puede tener efectos beneficiosos sobre la salud, algunos estudios
han divulgado que el ejercicio fisico induce tension oxidativa, aumentando la
generacion de ROS (Bloomer et al., 2009). El ejercicio aerobio causa un aumento del
consumo de oxigeno y puede dar lugar a niveles elevados de radicales libres. Se ha
demostrado que durante el ejercicio aerobio, el consumo de oxigeno de todo el
organismo aumenta de 10 a 20 veces mas en relacién al estado de reposo (Konig et al.,

2001). Esta situacion lleva a un mayor flujo de electrones a través de la cadena de
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transporte de electrones mitocondrial durante la actividad muscular y por tanto, a una
mayor producciéon de ROS. Ello puede inducir a que durante el ejercicio extenuante

aerobico se observen alteraciones en los mecanismos de defensa antioxidante (Chevion

et al., 2003).

INFLAMACION

Actualmente, es conocida la funcion endocrino-metabdlica del tejido adiposo. Entre
otras hormonas, los adipocitos secretan un grupo diverso de proteinas que se denominan
adipoquinas, que participan en diferentes funciones bioldgicas (Koerner et al. 2005).
Las citoquinas proinflamatorias tales como la interleuquina-6 (IL-6), factor de
necrosis tumoral alfa (TNF-a), y otras como la PCR, elevadas en plasma, juegan un
papel en el desarrollo y la aparicion de complicaciones de la ECV, la diabetes tipo 2 o la
obesidad (Kiecolt-Glaser et al., 2002; Raison et al., 2006; Dandona et al., 2004).
Ademas, varias adipoquinas, como la leptina y adiponectina, intervienen en la
regulacion del metabolismo hidrocarbonado, lipidico y la homeostasis energética
(Kérner et al. 2007). Concentraciones elevadas de leptina y bajas de adiponectina
parecen correlacionarse con otros componentes del SM (Valle et al., 2005, Gil-Campos
et al, 2011), aunque todavia no es bien conocido el papel de las adipoquinas en la
obesidad y el desarrollo del SM en los nifios. Sin embargo, los factores subyacentes a

estas enfermedades podrian originarse ya durante etapas precoces de la vida.
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Figura 4. Actuacién de las adipoquinas sobre diferentes 6rganos.
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Relacion entre Inflamacion y la Condicion Fisica

En la infancia, existen escasos estudios que relacionan el nivel de CF con
marcadores inflamatorios, destacando algunos realizados en nifios con patologias
(Tirakitsoontorn et al., 2001) u obesos sometidos a programas de entrenamiento
(Barbeau et al., 2003). En niflos y adolescentes sanos, parece que niveles altos de AF y
de CF se relacionan con mayores niveles plasmaticos de adiponectina, y menores
valores de resistina y de TNF-q, sin evidenciarse asociacion con un aumento en otras
citoquinas o con resistencia a la insulina (Rubin et al., 2008). Sacheck (2008) afirma
que algunos de los marcadores inflamatorios actuales pueden no ser sensibles para
determinar el riesgo inflamatorio en nifios y adolescentes, siendo necesarios mas
estudios de los pardmetros conocidos asi como estudiar nuevos biomarcadores para que
nos permitan aumentar el conocimiento en la relacion entre los procesos inflamatorios,

la AF y la CF en la infancia.

Relacion entre el Inflamacion y la Actividad Fisica

La escasa practica de AF, asociada a otros factores como el cambio en los
habitos de alimentacion, ha condicionado el aumento en la prevalencia de enfermedades
inflamatorias como la obesidad en la infancia. En recientes estudios se indica que la AF
estd inversamente asociada con el grado de inflamacion (Platat et al., 2006), y por tanto,
puede ser una medida efectiva para prevenir la aparicién de complicaciones como el SM
y la ECV asociada (Devaraj et al., 2004). Recientemente, se ha descrito que mayores
niveles de AF y de CF podrian modificar diversos parametros de inflamacién, como la
PCR, independientemente de los niveles de adiposidad (Sacheck, 2008). La mayor parte
de los estudios que analizan el efecto de la AF sobre mediadores inflamatorios en
plasma como las interleuquinas IL-1a, IL-6, IL-17, IL-8, MIP-1a, el MIP-1p, IL-12p70,
IL-1RA, IL-4, TNF-a, eotaxinas, y el MCP-1 lo hacen sobre el ejercicio agudo
(McMurray et al., 2007). En sujetos obesos jovenes se ha estudiado el efecto del
ejercicio fisico utilizando programas de entrenamiento, y analizandola IL-6 (Barbeau et
al., 2002). Sin embargo, son escasos los estudios que analizan el estado inflamatorio y
sus mecanismos en funcion de la practica de AF en nifios y adolescentes (Platat et al.,
2006). De hecho, en niflos sanos so6lo se ha descrito una relacion inversa entre la
préctica regular de AF y los niveles de PCR (Cook et al., 2000) o de IL-6 (Platat et al.,
2006).
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Hipotesis

Los habitos de vida actuales y el sedentarismo incrementan la probabilidad de
desarrollar determinadas patologias en la vida adulta. Estas patologias incluyen:
obesidad, diabetes tipo 2, dislipidemia, aterosclerosis o trastornos del comportamiento
alimentario (Gonzadlez-Gross et al., 2003). De hecho, aunque las manifestaciones
clinicas suelen aparecer en la edad adulta, en muchas ocasiones, su inicio patogénico e
incluso la propia enfermedad se establece en la infancia o la adolescencia (Warnberg et
al., 2004). El nivel actual de practica de AF es cada vez menor, siendo especialmente
relevante en la poblacion escolar aunque ain no se han establecido claramente qué
nifios pueden ser de riesgo. La AF es uno de los requisitos fundamentales para lograr un
perfil lipidico-metabdlico saludable, suponiendo una mejora de la CF (Garcia-Artero et
al., 2007). No obstante, ain existen datos escasos sobre si los nifios, en especial los
prepuberes, cumplen las recomendaciones actuales de practica de AF, en frecuencia e
intensidad, para lograr un buen estado de salud. La realizacion de este trabajo de tesis
doctoral puede permitir aclarar si existen determinados niveles de CF que puedan
favorecer la aparicion de factores de riesgo o enfermedades, o que protejan de éstos.
Para ello, se evaluara la AF habitual en nifios prepuberes y se objetivara la CF. Ademas
se realizaran analisis en muestras de sangre de determinados parametros de riesgo CV,
inflamacion y EO que aportaran una novedosa e importante informacion sobre el estado
metabolico de nifios aparentemente sanos en edad prepuberal. Ademads, estos nuevos
datos podrian utilizarse para la programacion de estrategias futuras en el control y la

prevencion de la obesidad infantil y EVC.
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Objetivo General:

Evaluar el impacto de la condicion fisica y la actividad fisica sobre los

biomarcadores tradicionales y no tradicionales de riesgo metabodlico, estrés oxidativo y

procesos inflamatorios en nifios preptiberes sanos.

Objetivos Especificos:

II.

I1I.

IV.

Evaluar biomarcadores tradicionales y no-tradicionales de riesgo metabolico
en nifios sanos prepuberes con diferentes niveles de condicion fisica y

practica de actividad fisica.

Estudiar la influencia del género en los cambios metabolicos en relacién con

la condicion fisica y la actividad fisica.

Determinar el impacto de la condicidn fisica y la actividad fisica sobre el
estrés oxidativo en nifios prepuberes sanos, medido a través de los

marcadores biologicos seleccionados en sangre.

Analizar marcadores oxidativos en sangre en prepuberes de ambos sexos, y
analizar si estos biomarcadores estan influenciados por la edad, el indice de
masa corporal, la capacidad cardiorrespiratoria y la actividad fisica, y el

S€XO0.

V. Analizar adipoquinas y biomarcadores inflamatorios plasmaticos en nifios

prepuberes sanos con diferentes niveles de condicion fisica y actividad fisica.
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General Aim:

To assess the impact of fitness status and physical activity on classical and non-

classical metabolic risk biomarkers, oxidative stress and inflammation process in

healthy prepubertal children.

Specific Aims:

II.

III.

IV.

To assess classical and non-classical metabolic risk biomarkers in prepubertal
healthy children with different levels of cardiorespiratory fitness and physical

activity.

To study the influence of gender in relation to cardiorespiratory fitness and

physical activity on metabolic changes.

To determine the impact of fitness status and physical activity on oxidative

stress in healthy prepubertal children, measured by selected biomarkers in

blood.

To analize oxidative markers in prepubertal of both genders, and to evaluate
whether these biomarkers are influenced by age, body mass index,

cardiorespiratory fitness and physical activity, and sex.

To assess some plasma adipokines and inflammatory biomarkers in
prepubertal healthy children with different levels of cardiorespiratory fitness
and physical activity.
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PARTICIPANTES

Se seleccionaron inicialmente 450 nifios espafioles de dos escuelas primarias locales de
Cérdoba con opcidén a participar en el estudio. Del total de alumnos/as, finalmente
accedieron a participar 156 nifios/as. Algunos de ellos fueron excluidos en ultima
instancia, ya fuera porque no cumplian los criterios de inclusidn, decidieran no seguir en
el estudio, o porque la extraccién de muestras sanguineas no pudo realizarse o fue

insuficiente. Finalmente, el estudio se llevo a cabo con 141 nifios (88nifios, S3nifias).

Se obtuvo consentimiento informado, por escrito, de un padre/madre o tutor
legal. Los procedimientos del estudio fueron explicados verbalmente a todos los nifios,
y expresaron su consentimiento para participar en éste. Se obtuvo aprobacion del comité
local de investigacidn y ética para la realizacion del estudio y se realizé de acuerdo con

la Declaracion de Helsinki.

Criterios de inclusion

Se incluyeron nifios/as sanos de entre 7 y 12 afios con la certeza de estar en etapa
prepuberal (estadio puberal de Tanner I), y confirmado tras obtener niveles plasmaticos

de hormonas sexuales.

Criterios de exclusion

Se descartaron los nifios menores a 7 afios o mayores a 12, con percentiles de
medidas antropométricas en rango inferior o superior a 1DS, asi como aquéllos que
presentaran algun signo de desarrollo puberal clinico o analitico. También se excluyeron
aquellos nifios con patologia conocida o detectada durante el estudio, o con largos
periodos de reposo previos por inmovilizacidn, asi como aquéllos que tomaran farmacos

que pudieran interferir en las medidas de los biomarcadores.
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Grupos de estudio

Tras la seleccion de los sujetos se realizaron dos divisiones atendiendo a la CF o

la practica de AF. Asi, se obtuvieron dos subgrupos en cada categoria:

B  Grupos segun su Condicion Fisica
Los nifios/as fueron divididos en dos grupos en relacion a la medida
obtenida tras la realizacidon del test de Course Navette (20-MSRT). Fueron
divididos en dos grupos de acuerdo a la metodologia utilizada en estudios
anteriores (Garcia-Artero et al., 2007, McGavock et al., 2009; Benitez-
Sillero et al., 2011.):

+ Los nifios/as que registraron una puntuacion igual o superior al valor
medio de referencia establecido por Olds et al. (2006) se asignaron al
grupo designado como de “igual o superior condicion fisica" (high

fitness): HF.

+ Aquéllos que obtuvieron una puntuacion menor a la media
establecida por Olds et al. (2006) se asignaron al grupo denominado

como de “baja condicion fisica” (low fitness): LF.

R Grupos segun la Actividad Fisica
Tras la evaluacion de los habitos de ejercicio mediante un cuestionario

validado, los nifios/as fueron clasificados en dos grupos:
+ Un grupo de practica de actividad fisica (physical activity): PAF.

+ Un grupo con escasa practica de actividad fisica o sedentario (non-

physical activity): NPAF.
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RECONOCIMIENTO FISICO

Historia clinica y exploracion fisica

La anamnesis y la evaluacion del estado de salud de los nifios fueron realizadas
por pediatras del Servicio de Pediatria del Hospital Universitario Reina Sofia de
Cordoba. Se preguntd por los antecedentes personales y familiares, asi como la
existencia de patologia previa, largos periodos en reposo o tratamientos previos.
También se evaluo el nivel socio-econdémico. Se realizd una exploracion fisica
exhaustiva por sistemas y aparatos evaluando también la etapa de desarrollo puberal
segin Tanner (1962), y escogiendo a aquellos sujetos que se encontraban con desarrollo
genital y de vello pubiano en el estadio I. Ademds, se determinaron parametros

antropométricos y medidas de frecuencia cardiaca (FC) y tension arterial.

Determinaciones somatométricas

En todos los sujetos se midieron, mediante técnicas estandarizadas, el peso, la
talla y el perimetro de la cintura. Para ello se utiliz6 una balanza y un estadidometro de
precision (SC700; Seca, Hamburgo, Alemania), en la que los participantes estaban
vestidos con ropa ligera y descalzos. Estas medidas fueron tomadas el mismo dia del
reconocimiento médico.

El indice de masa corporal (IMC) fue calculado como el peso (kg) / [talla (m)]*.
Se realizaron dos medidas del perimetro de cintura (PC) con una cinta eldstica siguiendo
los métodos estandarizados. Estas mediciones antropométricas se compararon con los
estandares de referencia espafioles para IMC y PC respectivamente (Sobradillo et al.,
2004; Moreno et al., 2002) y con los puntos de corte especificos por edad y sexo
propuestos por Cole et al. (2000) para definir la obesidad, y asegurarnos de estar

incluyendo a nifios sin obesidad, mayoritariamente.

Determinaciones hemodindamicas

Se realizo la medicidn de la FC en latidos/minuto y de la tension arterial sistolica
y diastélica (TAS y TAD) en mmHg, con un monitor de signos vitales 8100T Critikon-
Dinamap Vital (Dinamap V-100, GE Healthcare, Espaiia), segin método estandarizado.
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VALORACION DEL NIVEL DE CONDICION FISICA

En una primera sesidn se valor6 la CF mediante varias pruebas validadas: el test
de 20-MSRT para evaluar la resistencia, y otros 3 tests para medir la fuerza muscular: a)
test de salto en longitud sin impulso y con pies juntos para evaluar la fuerza explosiva
del tren inferior; b) dinamometria manual, y c) test de abdominales, mediante la
realizacion del méximo nimero de abdominales completas durante un periodo de 30”
(Guillén del Castillo et al., 2007).

Todos estos tests estan incluidos en la bateria EUROFIT wvalidada y
estandarizada por el Consejo de Europa (1993). Cada una de estas variables serd
transformada dividiendo cada uno de los valores observados por el valor maximo de
dicha variable. El promedio de las 3 variables transformadas se utiliza para establecer
una unica variable denominada indice de fuerza general (IFG), con valores
comprendidos entre 0y 1 (Garcia-Artero et al., 2007).

A partir de los resultados obtenidos en las diferentes pruebas se obtuvo un nivel

de CF de cada nifio.

Test de Course Navette (20-MSRT)
b Objetivo
Medir la capacidad aerdbica maxima de los nifios mediante un test de campo

indirecto e incremental descrito por Leger et al. (1988).

V  Material
Pista polideportiva plana, con dos lineas paralelas separadas entre si 20 metros,
seflaladas con una cinta adhesiva y medida con una cinta métrica. El ritmo es
marcado por los zumbidos emitidos desde una pista de audio con el protocolo de

la prueba grabada en un CD-Rom el cual es reproducido por un radio-CD.

¥ Desarrollo
El desarrollo de la prueba comienza cuando los sujetos se colocan detrds de la
linea, a un metro de distancia unos de otros. Al oir la sefial de partida comienzan
a desplazarse hasta la linea opuesta y deben sobrepasarla. Alli esperan a oir la
sefial siguiente para volver a la linea inicial. Deben intentar seguir el ritmo de las

sefiales acusticas. Al finalizar cada estadio de un minuto (palier), aumenta el
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ritmo de desplazamiento (velocidad) desde 8,5 km/h en el primer palier a razén

de 0,5 km/h progresivamente en cada palier sucesivo.

B  Valoracion de la prueba
Cada sujeto repite estos desplazamientos constantemente hasta que no pueda
llegar a sobrepasar la linea en el momento en que suene la sefial. Entonces se
retira de la prueba y se registra el ultimo palier que haya completado en su
totalidad. Cada palier representa un minuto. Para estratificar los niveles de CF

en este test, se utiliza la escala desarrollada y validada por Olds et al. (2006)

para nifios segin edad y sexo de todos los

Figura 5. Representacion grafica de la prueba de Course Navette.

Abdominales en 30 segundos
B Objetivo

Medir la fuerza resistencia de los musculos abdominales.

b  Material

Cronometro digital con décimas de segundo.

® Descripcion

55



2018 | Llorente-Cantarero, F..J.

El ejecutante, se coloca decubito dorsal con las piernas flexionadas a 90°, los
pies ligeramente separados, ubicando las manos entrelazadas detras de la nuca.

El ayudante le sostiene los pies y cuenta las repeticiones.

® Desarrollo
A la sefial debe intentar realizar el mayor nimero de ciclos de flexién y
extension de la cadera, tocando con los codos las rodillas en la flexion y el suelo

con la espalda en la extension.

® Valoracion de la prueba

Se registrara el nimero de repeticiones bien ejecutadas.

Figura 6. Representacion grafica del test de Abdominales.

Salto en largo sin impulso o salto horizontal
B Objetivo

Determinar la potencia de las piernas.

M  Material

Cinta métrica con precision en centimetros — preferiblemente utilizar una

colchoneta fina.

® Descripcion

El ejecutante se coloca derecho con los pies separados detras de la linea.
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M Desarrollo

Toma impulso con flexién de piernas y balanceo de brazos, saltando hacia

delante manteniendo los pies firmes en el lugar que cay6. Se realizan 2 6 3

intentos.

® Valoracion de la prueba

Se registra en centimetros el mejor intento.

N\

Figura 7. Representacion del salto horizontal.

Dinamometria manual

B Objetivo

El objetivo de la prueba es medir la fuerza estitica de las extremidades

superiores por medio de un dinamometro de precision.

B Material

Dinamémetro digital de precision modelo Takei digital TKK 5110, con
precision 0,1 kg y rango de (5 a 100 kg).

Figura 8. Representacion de la técnica de dinamometria manual.
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VALORACION DEL NIVEL DE ACTIVIDAD FISICA

Para estimar el nivel de practica de AF que presentaban los sujetos se realizaron dos
evaluaciones. Por una parte, se cuantificaron cuantos nifios participaban en un programa
de actividades extraescolares, y si la practica que realizaban era al menos de tres dias
por semana, con una duracién minima de una hora y treinta minutos, durante al menos 1
afio, como estaba previamente establecido en la programacion de los colegios. Ademas,
los nifios rellenaron un test modificado basado en el cuestionario validado por el
Instituto Nacional de Salud Infantil y Desarrollo Humano (Pianta, 2007), a través del

cual se obtuvo informacion adicional sobre la practica de AF y habitos sedentarios.

PARAMETROS GENERALES Y METABOLICOS

Toma de muestras

Las extracciones de sangre se realizaron en situacién de reposo y se llevaron a
cabo por un facultativo especializado. Las muestras sanguineas para las determinaciones
bioquimicas se obtuvieron entre las 9 y las 10 de las mafiana, tras 12 horas de ayuno,
utilizando una via venosa del brazo.

Todas las muestras se procesaron en las 2h siguientes a la extraccion. Dicho
proceso consistio en una centrifugacion a 3500g durante 10 min. Una vez centrifugadas,
el plasma y la capa leucocitaria se retiraron en diferentes tubos Eppendorf. A
continuacion, los eritrocitos se lavaron tres veces con suero fisiologico, tras los cuales
fueron divididos en alicuotas. Todas las muestras fueron almacenadas a -80 °C hasta su

analisis posterior.

Hematimetria y andlisis de parametros bioquimicos generales y metabdolicos

Las muestras para obtener la hematimetria se colocaron en un autoanalizador
que realiza el contaje por tamafio y colorimetria en el Servicio de Andlisis Clinicos del
hospital. Los datos obtenidos para cada muestra fueron: hematies (103/ul), hemoglobina
(g/dl), hematocrito (%), plaquetas (103/ul), leucocitos (103/ul) y féormula leucocitaria

[neutrofilos, linfocitos, monocitos, eosindfilos y baséfilos (%)].
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Los pardmetros bioquimicos generales determinados fueron: glucosa (mg/dl),
urea (mg/dl), creatinina (mg/dl), urato (mg/dl), calcio (mg/dl) y calcio corregido con
proteinas (mg/dl), proteinas (g/dl), sodio (mEg/l), potasio (mEgq/l), cloruro (mEgq/l),
hierro (pg/dl), ferritina (ng/ml), aspartato aminotransferasa (AST) (U/l) y alanina
aminotransferasa (ALT) (U/l), TAG (mg/dl), colesterol total (mg/dl), HDL-c (mg/dl),
LDL-c (mg/dl), apo A-I (mg/dl) y apo B (mg/dl) e insulina (mU/L), asi como PCR
ultrasensible. Todos estos pardmetros se determinaron mediante métodos
colorimétricos,  enzimdticos, cinéticos, por potenciometria  indirecta o
inmunoturbidimetria previamente normalizados, utilizando un autoanalizador
automatico (Autoanalizadores Architect ¢16000 (A) e i2000SR (B) de Abbott
Diagnostics®, y equipo Advia 120 Hematology System (C) de Bayer®). A partir de los
datos obtenidos, se calcularon las siguientes relaciones: HDL-¢/ LDL-c, HDL-c/
colesterol total, y apo A-I/ apo-B. La resistencia a la insulina se calculd segun la
ecuacion HOMA-IR= fasting glucose (G0) (mM) x fasting insulin (I0) (WU/mL)/ 22.5
(Matthews et al., 1985).

A B
16000 2000,
i _—
C1
a_—— ma—
: = .
8 J

Figura 9. Representacion grafica de los autoanalizadores utilizados.
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PARAMETROS DE INFLAMACION

El andlisis de determinados biomarcadores de riesgo CV e inflamacién se llevo a cabo
en el Departamento de Bioquimica de la Facultad de Farmacia de la Universidad de
Granada mediante deteccion simultdnea de multi-analitos utilizando Kits de ensayo
LINCO plex y la Tecnologia de deteccion Luminex xXMAP. Esta metodologia permite el
analisis cuantitativo mediante ELISA de varios biomarcadores utilizando una cantidad
de muestra muy reducida (25-50 microlitros de plasma o suero).

Los componentes de cada kit incluyen los estandares, los controles de calidad,
los anticuerpos conjugados de captura a microesferas, los anticuerpos de deteccidn, el
sistema indicador estreptavidina-ficoeritrina, el tampoén de ensayo y el tampdén de
lavado. Cada kit utilizado estd validado para la sensibilidad, recuperacion, linealidad,
precision 'y especificidad. Asimismo, todos los analitos han sido testados
individualmente y en combinaciéon para asegurar la compatibilidad del sistema

multiplex.

La tecnologia Luminex

XxMAP se realiza a través de un S5 ® o 1. Las microesferas se
tifien para crear hasta

proceso que colorea microesferas de oo 100;colores:distirtios

polietileno de 5.2 nm con dos

2. Las microesferas se
cubren con el anticuerpo
de captura

fluorocromos. La utilizacion de

diferentes proporciones de estos

3. Se afiade la muestra a las
microesferas y se captura el
analito

fluorocromos permite colorear de

manera diferente hasta 100 tipos

4. Se afiade el anticuerpo de

diferentes de microesferas a las 2
deteccidn fluorescente

cuales se une un anticuerpo de

captura  especifico  para un 5. Deteccidn laser

biomarcador y que pueden ser

identificadas con un laser (Kellar  Figura 10. Esquema de la tecnologia Luminex® X
and Douglass, 2003). MAPT.

Se utilizo el kit Human adipokine Panel A, que permite la determinacion
simultdnea de adiponectina, resistina y inhibidor del activador del plasmindgeno-1
(PAI-1) activo y total; y el kit Human adipokine Panel B, que permite la determinacion
simultdnea de leptina, IL-1 beta, IL-6, ILS8, factor de crecimiento hepatocitario (HGF),
factor de crecimiento neuronal (NGF), MCP-1 y TNF-alfa.
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PARAMETROS DE ESTRES OXIDATIVO

Determinacion de marcadores de estrés oxidativo

d  Productos de peroxidacion de lipidos
Los lipoperéxidos [malonildialhehido (MDA) y 4-hidroxialquenales (4-HDA)]
se midieron en plasma usando el método descrito por Erdelmeier et al. (1998).
Este método utiliza un reactivo que reacciona con chromatogenic MDA+4-HDA

a 45°C, dando un cromoéforo estable con maxima absorbancia a 586 nm.

M Proteinas Carboniladas
La concentracion plasmatica de proteinas carboniladas se midio usando el
método de Levine et al. (1990). Las muestras se incubaron con 2.4-
dinitrofenilhidrazina en 4cido clorhidrico durante 60 min. Entonces, las proteinas
se precipitaron a partir de las soluciones utilizando 500 ml de 4&cido
tricloroacético (20%). Después, las proteinas se lavaron con una soluciéon de
etanol y acetato de etilo (1/1 v/ v) y se disolvi6 en 1 ml de guanidina clorhidrato
de (6 M) a 37 1C. Los carbonilos se evaluaron en un espectrofotémetro (UV-

1630; Shimadzu) a una longitud de onda de 360 nm (Luo et al. 2009).

®  Nitritos totales (nitritos y nitratos)

NOx se utilizd6 como un marcador de los niveles NO y ensayd siguiendo el
método de Griess (Ricart-Jané et al., 2002) en plasma. Este ensayo utiliza la
determinacion del nitrito como un indicador de la produccion de NO en muestras
bioldgicas. El NO se transforma en nitrato y nitrito. Esta es una practica comin
para utilizar, ya sea la reduccion enzimatica o quimica, para convertir todos los
nitratos localizados en una muestra en nitritos y medir los nitritos totales como
un indicador de la produccion de NO. Cuando la reduccion de nitrato se
completd, el nitrito total se determind espectrofotométricamente usando la
reaccion de Griess. La reaccion se controld a 540 nm. La absorbencia se evaluo
en un espectrofotometro (UV-1603; Shimadzu) y expresada en gramos por

mililitro.
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Determinacion de biomarcadores antioxidantes

Glutation total (GT), glutation oxidado (GSSG) y glutation reducido (GSH)
Estos biomarcadores antioxidantes fueron obtenidos de las células rojas de
la sangre y medidos utilizando Bioxytech aop-490 TM (Oxis International,
Portland, OR, EE.UU.). Se basa en la reduccién de Cu*" a Cu" por la accion
combinada de los antioxidantes de la muestra. Por lo tanto, los reactivos
cromogénicos resultan en un complejo con Cu’, que tiene una absorbencia a 490
nm (Price et al., 2006). Los niveles de GT y GSH se evaluaron utilizando el
Bioxytech GSH y GSH-420-400 kits, respectivamente. La determinacion de los
niveles del GT se basa en la formacion de un cromoforotiona, que tiene la
absorbencia a 420 nm. La concentracion de GSH se basa en una reaccién que
conduce a la formacion de un cromé6foro con absorbencia a 400 nm (Rahman et

al., 2006). Niveles de GSSG fueron calculados restando GSH a GT.

Actividad de las enzimas antioxidantes

Superdxido dismutasa (SOD)

Actividad SOD se determind en eritrocitos utilizando un kit colorimétrico de
ensayo adquirido de BioVision de Productos de Investigacion (Mountain View,
CA, EE.UU.). SOD cataliza la dismutacion del anidén superdxido en peroxido de
hidrégeno y oxigeno molecular. La velocidad de la reduccién con un aniéon
superoxido esta linealmente relacionado con la actividad de la xantina oxidasa y
se inhibe por la SOD. Por lo tanto, la inhibiciéon de la actividad SOD se

determina por un método colorimétrico.

Glutation peroxidasa (GPx)

La actividad de la GPx se evalu6 en las células rojas de la sangre por el método
de Flohé y Giinzler (Flohé et al., 1984) utilizando un kit de ensayo de glutation
peroxidasa (Cayman Chemical). Este ensayo se basa en la oxidacion de NADPH
a NADP", que es catalizada por una concentracién limitante de la glutation
reductasa, con absorbencia maxima a 340 nm. La actividad fue medida basada
sobre la formacion de GSSG a partir de la oxidacion catalizada por GPx de GSH
por H,O,, junto con el consumo de NADPH, en presencia de glutation reductasa

exdgenamente afiadido, con absorbencia maxima a 340 nm.
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ANALISIS ESTADISTICO

Los andlisis estadisticos se realizardn con el Paquete Estadistico para las Ciencias

Sociales (SPSS) 18.0 para Windows. Los datos se expresaron como medias =+

desviaciones estandar. Los valores con una P<0.05 se consideraron estadisticamente

significativos. En el apartado de metodologia de los articulos se describe los métodos

estadisticos empleados en cada uno de ellos. De forma general:

La distribucion normal de los datos se evalué mediante el test de Shapiro-Wilk,

y la homogeneidad de varianzas se estimaron utilizando el test de Levene.

La comparacion de medias entre los grupos, para variables continuas con
distribucion normal, se realizd mediante la prueba de la t de Student para
muestras no apareadas. Para aquellos con una distribucion asimétrica se utilizd

el test de la U de Mann-Whitney.
La prueba de y* se aplicé para la comparacion de proporciones.

Las comparaciones entre los dos grupos de nifios/as tras las pruebas se realizaron

mediante andlisis de la covarianza tras ajustar por la edad, el sexo y el IMC.

Para estudiar las asociaciones entre biomarcadores de estrés oxidativo se realizd
un analisis no paramétrico de correlacion a través del calculo de coeficientes de

correlacion con el test de Spearman’s p.

Las correlaciones entre variables fueron evaluadas mediante la prueba de

Pearson.
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Abstract

Objective: To assess classical and non-classical metabolic risk biomarkers in
prepubertal children with different levels of cardiorespiratory fitness (CRF).
Design: CRF was assessed by the 20m shuttle run test. To estimate physical
activity, participants were observed while engaged in an after-school programme.
Additionally, a short test based on a validated questionnaire was used to obtain
information about physical activity practice and sedentary habits. Anthropometric
parameters, blood pressure, and classical and non-traditional metabolic risk
biomarkers — plasma lipid profile, glucose and insulin, homeostasis model
assessment—insulin resistance index (HOMA-IR), plasma uric acid, transaminases
and C-reactive protein (CRP) — were measured.

Setting: The study was conducted in local elementary schools in Cordoba, Spain.
Subjects: One hundred and forty-one healthy children (eighty-eight boys, fifty-
three girls) aged 7-12 years, in Tanner stage I, were recruited. They were divided
into two groups after they performed the 20 m shuttle run test: equal or higher
cardiovascular fitness (EHCF) group and low cardiovascular fitness (LCF) group.
Results: The LCF group displayed significantly higher TAG (= 0-004) and lower
HDL cholesterol levels (P=0-001), as well as significantly lower values for the
non-traditional lipid marker apo-Al (P= 0-001) compared with the EHCF group.
The LCF children displayed higher plasma glucose (2= 0-003) and insulin levels,
higher HOMA-IR scores (P<<0-001) and higher plasma uric acid and CRP levels
(P<0-05). After adjustment for BMI, age and sex, no statistically significant
differences were found between groups for the biomarkers analysed.
Conclusions: The study provides new information to understand the role not only
of weight status but also of the level of CRF on the metabolic health profile of
prepubertal children.

Keywords

Physical fitness
Physical activity
Metaholic hiomarkers
Childhood

The metabolic syndrome (MetS) refers to the clustering
of cardiovascular risk factors driven by peripheral insulin
resistance. Data from recent studies involving a population
of children and adolescents indicate that the prevalence of
MetS varies between 3% and 12%". Suggestions for future
research include establishing which individual components
of the MetS cluster confer the greatest risk on future
morbidity in children. There is no universally accepted
definition of MetS in childhood® but for investigating
associations between cardiorespiratory fitness (CRF) and
metabolic risk, a total risk score has been calculated in
various studies as the sum of Z-scores for the single risk
factors defining MetS®.

However, the International Diabetes Federation con-
sensus defines MetS in children and adolescents as central

*Corresponding author: Email mercedes_gil_campos@yahoo.es

obesity plus any two of the following classical para-
meters: (i) raised TAG levels, (ii) reduced HDL cholesterol
(HDL-O) levels, (iii) hypertension and (iv) elevated fasting
plasma glucose”. Moreover, some non-classical factors
such as plasma uric acid elevation have been associated
with features of insulin resistance; indeed, it has been
suggested that uric acid could be a key link for the diagnosis
of MetS in obese prepubertal children®. The homeostasis
model assessment—insulin resistance index (HOMA-IR) and
levels of total cholesterol, LDL cholesterol (LDL-C), apo-Al
and apo—BGJ), transaminases™ and C-reactive protein
(CRP)? are also altered in children with MetS, but they
are considered non-traditional features of MetS.

Going from moderate to high levels of CRF has con-
sistently been associated with a lower risk of developing

© The Authors 2012
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MetS, CVD or type 2 diabetes’”. CRF involves a set of
health or skill-related attributes with a strong genetic
component that remains relatively static, needing some
time to change, and it is assessed using a battery of field
tests. Nevertheless, variability in CRF is known to influence
metabolic status®”. Physical activity (PA) is often used
interchangeably with energy expenditure and physical
fitness and has been defined as any bodily movement
produced by skeletal muscles which results in energy
expenditure. Some authors suggest that CRF and PA may
affect metabolic risk but the relationship is weak and they
may act through different pathways™"'?.

In children, some studies have shown that CRF is
independently associated with clustered metabolic risk
factors'™'® Non-traditional factors have been also
researched in children in relation to CRF®'. Nevertheless,
further research is needed to ascertain whether changes in
fitness in the general population of children predict changes
in cardiovascular risk profile and whether fitness and fatness
independently influence metabolic risk®'>. Thus the aim of
the present study was to assess classical and non-classical
metabolic risk biomarkers, including insulin resistance,
plasma lipid profile, uric acid, liver transaminases and CRP,
in prepubertal healthy children with different levels of CRFE.

Experimental methods

Participants and design

A group of 141 healthy children, eighty-eight boys (=10
years, n 52; >10 years, n 30) and fifty-three girls (all =10
years), at prepubertal stage was selected from local ele-
mentary schools in Coérdoba, Spain. Children were asked
to perform a 20 m shuttle run test (20-mSRT) in order to
evaluate their CRF.

Inclusion criteria were age 7—12 years and prepubertal
stage (Tanner stage D), as validated by appropriate plasma
sex hormone levels. Exclusion criteria were as follows:
presence of pubertal development, disease, long periods
of rest after illness, use of any medication that alters blood
pressure or glucose or lipid metabolism, consumption of
any special diet and failure to get the same record reached
in the first attempt in the 20-mSRT®. Written informed
consent was obtained from parents or legal guardians and
the study was approved by an institutional ethics committee
at the University Reina Sofia Hospital.

The validated scale developed by Olds et al"'” was
used to measure CRF after the 20-mSRT. The test perfor-
mances are expressed as mean and standard deviation
relative to all children of similar age and sex from all
countries. In the present study, children were split into two
groups according to the methodology used in previous
studies"®': (i) the children recording a score equal to or
greater than the average reference value (seventy-five par-
ticipants) were assigned to the group designated ‘equal or
higher cardiovascular fitness’ (EHCF); and (i) those with
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less-than-average scores (sixty-six —participants) were
assigned to the group ‘low cardiovascular fitness’ (LCF).

Furthermore, children were divided into quintiles after
estimating their Vozmax Obtained by cross-referencing the
final level and shuttle number completed, using the for-
mula developed by Leger et al.*” (¥, ml/kg body weight
per min), from the speed (X, km/h) corresponding to
that stage (speed = 8+0-5 stage no.) and age (4, years):
Y = 31025 + 3-238X —3:2484 + 0:1536A4AX.  Voomax
correlates oxygen consumption with exercise duration,
and estimated relative Voomax and extrapolated absolute
Voomax are used to determine fitness. Thus top and bot-
tom groups were compared.

Pbysical examination and measurements
Anamnesis and a physical examination were assessed by
paediatricians despite illness in all of the children. Sexual
maturity was observed by physical examination according
to the Tanner five-stage scale®".

Weight and height were measured by standard techni-
ques, using a beam balance and a precision stadiometer
(SC700; Seca, Hamburg, Germany), with participants lightly
dressed and barefooted. BMI was calculated as weight
(kg)/[height (m)I>. Waist circumference was measured in
duplicate with an inelastic tape according to standardized
methods. These anthropometric measurements were com-
pared with Spanish reference standards®*** and with the
age- and sex-specific cut-off points proposed by Cole
et al*® 1o define obesity. Thus we ensured that most of the
children of the study were healthy.

Systolic and diastolic blood pressures (BP) were measured
in the right arm in a sitting position, using a random-zero
sphygmomanometer (Dinamap V-100; GE Healthcare,
Spain) after the participants had rested without changing
position for at least 5 min.

Children were observed while engaged in an after-school
programme at least three times weekly for at least 1 year to
estimate PA. Additionally, a short test based on the validated
questionnaire of the National Institute of Child Health
and Human Development® was used for both groups to
obtain information about PA practice and sedentary habits.

Evaluation of cardiorespiratory fitness
Standardized Eurofit battery tests2%2% were performed to
evaluate fitness; the 20-mSRT was used to assess CRF, and
upper and lower body strength were also evaluated.

The 20-mSRT required participants to run back and forth
between two lines set 20 m apart. Running speed started at
8:5km/h and increased by 0-5km/h each minute, reaching
18-0 km/h at minute 20. Running speed cues were indicated
by signals emitted by a commercially available CD-ROM.
Participants were allowed to voluntarily withdraw from the
test after being verbally encouraged to maximally perform
during each assessment. The test finished when the parti-
cipant failed to reach the finishing lines concurrent with the
audio signals on two consecutive occasions'?”.
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Upper-body muscular strength was assessed by means
of the handgrip strength and the bent arm hang tests with a
digital hand dynamometer (Takei TKK Q4-5110, precision
0-1 kg and range 5 to 100kg; Takei Scientific Instruments
Co., Ltd, Niigata, Japan) and another test evaluating the
number of abdominals performed within 30s. Lower-body
muscular strength was assessed by using the standing
broad jump test.

Sampling

Baseline fasting blood samples were obtained from all
children using an indwelling venous line to draw a 3 ml
sample for the measurement of plasma glucose and
insulin levels, lipid profiles and uric acid levels.

Biochemical analysis

Fasting gonadotrophins and sex hormones — follicle sti-
mulating hormone (CV=3-6%), luteinizing hormone
(CV=3-1%), testosterone (CV=2%) and oestradiol
(CV=1-8%) — were measured by chemiluminescence
using an automatic analyser (Architect 14000; Abbott
Laboratories, Abbott Park, IL, USA) to validate that the
children selected by clinical signs and Tanner stage were
truly prepubertal.

Glucose was analysed using the glucose oxidase method
in an automatic analyser (CV =1%). Plasma TAG (CV =
1-5%), total cholesterol (CV = 0-9%), HDL-C (CV = 0-8%)),
LDL-C (CV = 1-5%), apo-Al (CV = 1-7%), apo-B (CV = 2-6
%), uric acid (CV=1-9%), aspartate aminotransferase
(CV = 1-7%), alanine aminotransferase (CV = 3%) and CRP
were also measured using an automatic analyser (Accel-
erator APS system, Architect-c16000; Abbott Laboratories).
CRP (CV =4 %) was measured by particle-enhanced turbidi-
metric immunoassay (Dade Behring Inc., Deerfield, IL,
USA). Plasma insulin was analysed by RIA with an automatic
analyser for microparticles (Axsym; Abbott Laboratories).
Insulin resistance was calculated by means of HOMA-IR,
defined by the equation: HOMA-IR = [fasting glucose
(mmol/D X fasting insulin (WU/mD]/22-5.

The criteria using classical features agreed by the
International Diabetes Federation in 2007 were used in
the present study to estimate the presence of MetS in the
sample of prepubertal children.

Statistical analysis

Data were expressed as means and standard deviations.
Normal distribution of data was assessed by the Shapiro—
Wilk test. Homogeneity of variances was estimated using
the Levene test. Comparison of means between groups for
continuous variables with normal distribution was done
using Student’s ¢ test for unpaired samples and for those
with an asymmetric distribution by the Mann—Whitney U
test. The x* test was applied for comparison of proportions.
Comparisons between the two groups of children after tests
were performed using analysis of covariance after adjusting
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for age, sex and BMI. Correlations between variables were
assessed using Pearson’s test.

Cohen typified differences () in the studied parameters
between children in the top and bottom quintiles of fitness
and effect size correlation were calculated in order to
quantify the magnitude of the difference (effect size).

The statistical software package PASW®  Statistics 18 (SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses.

Results

Anthropometric and BP measurements and PA performance
between groups of children with different levels of CRF are
shown in Table 1. BMI and waist circumference values were
significantly higher in the LCF group than in the EHCF
group but none of these children were obese. There were
no differences in BP levels between both groups.

For the Eurofit physical test battery, the EHCF group dis-
played significantly higher results in the abdominals test and
the horizontal jump test; no between-group differences were
observed in the dynamometry test. Most children (72%) in
the EHCF group practised PA regularly in an after-school
programme (Table 1). A positive significant correlation was
observed between CRF and PA (7= 0-346; P<0-001).

Results for classical MetS biochemical parameters were
as follows: the LCF group displayed significantly higher
TAG and lower HDL-C levels, as well as significantly
lower values for the non-traditional lipid marker apo-Al
(Fig. 1. The LCF group also displayed significantly higher
plasma glucose (Fig. 2(a)) and insulin (Fig. 2(b)) and
HOMA-IR scores (Fig. 2(c)).

Table 1 Anthropometric parameters, blood pressure and physical
activity as a function of cardiorespiratory fitness level in healthy
prepubertal children (n 141) aged 7—12 years, Cérdoba, Spain

EHCF group (n 75) LCF group (n 66)

Variable Mean SD Mean SD P
Age (years) 9-57 1-20 9-68 1-09 0-5708
Weight (kg) 38-35 9-58  45-89 12-54 <0-0001
Height (cm) 142-33 9-51 14474 8-85 0-1229
BMI (kg/m?) 1869 2-89 21-55 3-99 <0-0001
WC (cm) 63-20 7-64 71-21 11-56 <0-0001
SBP (mmHg) 120-00 10-36 123-25 16-09 0-1527
DBP (mmHg) 66-94 9-14  67-32 10-53 0-8213
20-mSRT (periods) 4-91 1-79 2-12 0-87 <0-0001
Abdominals (no.) 14-55 5-52 11-94  5-22  0-0047
HJ (m) 1-35 0-19 116 0-17 <0-0001
RHD (kg) 16-00 4-47 1690 512 0-2734
LHD (kg) 1516 423 16-34 6-22 0-1869
PPA (%) 72 42 0-0007t

EHCF, equal or higher cardiovascular fitness; LCF, low cardiovascular fit-
ness; WC, waist circumference; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; 20-mSRT, 20m shuttle run test; abdominals,
abdominal exercises; HJ, horizontal jump; RHD, right hand dynamometry;
LHD, left hand dynamometry; PPA, performed physical activity.

*Statistical significance after application of a Student t test to data expressed
as mean and sb.

tStatistical significance after application of a ? test to data expressed as a
percentage.
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Fig. 1 Lipid biomarkers (TC, total cholesterol; HDL-C, HDL
cholesterol; LDL-C, LDL cholesterol) in healthy prepubertal
children (n 141) aged 7—12 years, Cérdoba, Spain, according
to cardiorespiratory fitness ({7, equal or higher cardiovascular
fitness (EHCF) group; M, low cardiovascular fithess (LCF)
group). Values are means and standard deviations repre-
sented by vertical bars; P values indicate statistical signifi-
cance after application of a Student t test to the data
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Fig. 2 Insulin resistance biomarkers in healthy prepubertal
children (n 141) aged 7—12 years, Cdérdoba, Spain, according
to cardiorespiratory fithess ({7, equal or higher cardiovascular
fitness (EHCF) group; M, low cardiovascular fitness (LCF)
group): (a) plasma glucose; (b) plasma insulin; (c) homeostasis
model assessment—insulin resistance index (HOMA-IR).
Values are means and standard deviations represented by
vertical bars; P values indicate statistical significance after
application of a Student t test to the data

With regard to non-classical MetS biomarkers, the EHCF
group had significantly higher aspartate aminotransferase
levels (Fig. 3(a)), and CRF was associated with this transa-
minase (7= 0-266; P=0-002). Plasma uric acid (Fig. 3(b))
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Fig. 3 Non-traditional biomarkers in healthy prepubertal
children (n 141) aged 7—12 years, Cérdoba, Spain, according
to cardiorespiratory fitness ({1, equal or higher cardiovascular
fitness (EHCF) group; B, low cardiovascular fitness (LCF) group):
(a) aspartate aminotransferase (AST); (b) uric acid; (c) C-reactive
protein (CRP). Values are means and standard deviations
represented by vertical bars; P values indicate statistical
significance after application of a Student t test to the data

and CRP levels (Fig. 3(c)) were significantly higher in the
LCF group than in the EHCF group.

After adjustment for BMI, age and sex, no significant
differences were found between groups for the bio-
markers analysed. However, using the criteria suggested
by Zimmet et al ", 4-25 % of the children were diagnosed
as having MetS and all of them belonged to the LCF
group. In the correlation analysis, CRF was inversely
associated with HOMA-IR (r= —0-240; P=0-05), TAG
(r=—0-196; P=0-023), LDL-C (r= —0-227; P=0-008)
and uric acid (r= —0-178; P=0-042).

Moreover, when we compared the top and the bottom
quintiles after estimating Voomax data, we found differ-
ences between these groups regarding age, height and
systolic and diastolic BP. Children included in the bottom
quintile were older and taller and showed higher BP
levels than the children in the top quintile, who presented
better CRF levels. Apart from the results obtained in
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Table 2 Comparison between the top and bottom quintiles of the studied parameters after estimating Voomax: healthy prepubertal children

(n 141) aged 7—12 years, Cérdoba, Spain

Quintile 1 (n 30)

Quintile 5 (n 29)

Variable Mean SD Mean SD P* Typified difference (Cohen d) Effect size
Age (years) 10-33 0-96 9-37 1-30 0-002 0-84 0-39
Weight (kg) 51-72 13-73 35-03 6-29 <0-001 1-56 0-62
Height (cm) 148-72 9-88 140-40 6-83 <0-001 0-98 0-44
WC (cm) 76-33 1117 60-73 5-45 <0-001 1-78 0-66
SBP (mmHg) 129-60 15-30 118-03 11-45 0-002 0-86 0-39
DBP (mmHg) 71-27 9-23 65-14 9-61 0-015 0-76 0-35
BMI (kg/m?) 23-04 4-27 17-69 2-38 <0-001 1-55 0-61
TC (mg/dl) 176-34 35-62 169-10 23-38 0-364 0-24 0-12
HDL-C (mg/dl) 52-96 10-54 61-48 10-18 0-003 -0-82 —0-38
LDL-C (mg/dl) 111-54 25-92 95-62 18-56 0-010 0-71 0-33
Apo-A1 (mg/dl) 139-10 18-84 152-83 15-88 0-001* -0-79 -0-37
Apo-B (mg/dl) 77-55 15-05 67-00 11-20 0-004 0-79 0-37
TAG (mg/dl) 72-43 20-53 57-96 17-38 0-003* 0-76 0-35
Glucose (mg/dl) 82-44 7-38 82:26 6-84 0-884 0-03 0-01
HOMA-IR 2-07 1-01 1-05 0-58 <0-001 1-24 0-53
CRP (mg/l) 1-61 1-33 1-29 1-64 0-115* 0-21 0-11
AST (UIN) 22-48 5-70 27-50 4-63 <0-001* —-0-97 —0-44
ALT (UIn) 22-31 28-05 17-38 6-85 0-779* 0-24 0-12
Uric acid (mg/dl) 4-02 1-13 315 0-75 0-001 0-91 0-41

Quintile 5, top quintile with the best fitness; quintile 1, bottom quintile with the worst fitness; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; HOMA-IR, homeostasis model assessment—insulin resistance
index; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

*Statistical significance after application of the Student t test or the Mann—-Whitney U test to data expressed as mean and sp; Cohen d and effect size analysis

has been done for these groups.

relation to EHCF and LCF groups, we also found higher
LDL-C and apo-B levels in the lower quintile (Table 2).

As far as the top and bottom quintiles are concerned,
we did not find relevant differences between groups due to
the effect size when Cohen’s d and effect size correlations
were applied. Most of these values were between 0-2 and
0-8 (Table 2), which indicates a moderate effect size.

Discussion

In the present study, the major finding was that prepubertal
children in the LCF group (with low CRF) displayed higher
levels for some MetS risk factors such as lipid profile and
insulin resistance and for certain non-traditional markers
such as uric acid and CRP than did children in the EHCF
group. After adjustment for BMI, age and sex, there were
no significant between-group differences, suggesting a
probable influence of body mass on fitness condition.
Moreover, the correlations between traditional and non-
traditional risk factors of MetS suggest that individual
components of MetS might be influenced by CRF.
Paediatric data are inconsistent regarding whether fit-
ness or fatness is most relevant to health outcomes in
children. Only recently, a small number of prospective
studies systematically examined the independent and
joint associations of CRF and body mass with health
outcomes®. Some research in children suggests that CRF
has a protective influence on metabolic health**”
whereas other studies report that the effects of fitness
may be indirect, mediated through its relationship to

fatness®?; fatness appears to be more predictive of
cardiovascular risk than CRF!*!,

In the present study, CRF was assessed using the
20-mSRT“”; since this is a weight-bearing activity,
the test might conceivably prompt overestimation of the
relationship between CRF and both fatness and MetS risk
factors. In other studies, however, measures were not
modified by weight status*” and others support the
validity of using clinical measurements of physical fitness
to predict insulin resistance. Low CRF is strongly associated
with high BMI and recent investigations suggest that
further research is required to explore more fully this
relationship">*”*". The results obtained in the current
study provide additional information about non-traditional
metabolic factors in prepubertal healthy children in relation
to different levels of CRF and the influence of fatness.

In the present work, children in the EHCF group had
lower BMI and a better metabolic profile (lower levels of
TAG and higher levels of HDL-C and apo-Al, and lower
levels of insulin and HOMA-IR) than did children from the
LCF group, suggesting that children with good CRF seem to
have better weight status and enjoy better metabolic health.
Moreover, this group had lower uric acid and CRP levels.
Similarly to our study, higher cardiovascular fitness has
been associated with a favourable metabolic profile”?.

The inverse association seems to be consistent with
some findings in adolescent studies®** although others
do not find these associations with insulin resistance
markers®”. The clinical value of fasting glucose as a risk
biomarker has been questioned, although in our study
there were significant differences between CRF groups.
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In the LCF group, glucose, insulin and HOMA-IR were
higher than in the EHCF group, although neither group
reached pathological levels (Fig. 2(c)). After adjustment
for BMI, however, there were no significant between-
group differences, suggesting an influence of body mass
on glucose metabolism. In a sample of 1140 children,
Ruiz et al"® found a positive association between these
parameters and body fat after adjusting for CRF, and a
negative association between both HOMA-IR and fasting
insulin and CRF. This inverse association appears to be
consistent with findings in adolescent research®*3%
although these associations with insulin resistance mar-
kers are not reported in other studies®®. Indeed, HOMA-
IR has been independently associated with lower CRF in
children">¥3® and an inverse correlation between
HOMA-IR and PA has been also reported®?.

High CRF is associated with low levels of TAG,
suggesting that CRF more than PA influences the lipid
profile® Another remarkable result in the present
study was that 72% of the children who performed PA
were in the EHCF group. PA has been inversely associated
with metabolic risk factors®” independently of CRF and
adiposity ™1V However, in other studies, its relationship
was attenuated™” or unchanged™ even after further
adjustment according to adiposity™® and CRF. Research
suggests that exercise training improves glucose metabo-
lism“*®, inflammation‘*” and both lipid and lipoprotein
profiles, thus highlighting the impact of PA on cardio-
vascular risk“?. In our results, the positive significant
correlation between PA and CRF may indicate the influ-
ence of the different pathways involved in either PA or
CRF. PA may thus exert an independent beneficial effect
on health regardless of fatness™".

To study these relationships, several studies have used
mixed populations of children and adolescents*>*® | thus
ignoring to evaluate the pubertal state. Puberty is asso-
ciated with a decrease in insulin sensitivity(47); due to this,
working only with prepubertal children can reduce this
effect. Nevertheless, little research has been done with
homogeneous sub-populations*!”_ In fact, the low sig-
nificance in the results of the present study may partly be due
to the early age of our groups.

With regard to non-traditional markers, a decline in
plasma apo-Al levels has been associated with low levels
of HDL-C, and thus with increased cardiovascular risk”.
In the present study, the LCF group displayed lower levels
for these lipid parameters than the EHCF group (Fig. 1.
Moreover, although uric acid has been put forward as a
new biomarker for metabolic risk in childhood obe-
sity®*® its relationship to CRF or PA has not been ana-
lysed. Only a study in patients with type 2 diabetes
mellitus showed that uric acid was negatively associated
with CRF“”. Children from the LCF group of the present
study had higher uric acid levels than EHCF children
(Fig. 3(b)), suggesting that CRF may improve this meta-
bolic alteration; a significant negative correlation was
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also noted between uric acid and CRF. Nevertheless,
aspartate aminotransferase was higher in the EHCF group
(Fig. 3(a)). The increase in liver transaminases has usually
been associated with other components of MetS, particularly
insulin resistance; some authors have found a relationship
between alanine aminotransferase and CRF or PA in
youth®** despite no changes being reported by others®”.

An increase in pro-inflammatory cytokines and acute-
phase reactants has been associated with cardiovascular
risk factors. CRP is an indicator of a range of inflammatory
processes of both vascular and non-vascular origin; ele-
vated CRP may reflect a pro-atherogenic metabolic state
that predisposes to atherothrombotic events”". Recent
studies in children have shown strong evidence for the
association between CRP increase and various markers
for MetS>? | diabetes mellitus and CVD®®, and it has
been reported that other potential factors and processes
such as reduced CRF could contribute to low-grade
inflammation in apparently healthy individuals. Here, the
EHCF group had lower CRP levels than the LCF group
(Fig. 3(c)). In prepubescent children, CRF has been
inversely associated with CRP“?.

Concerning effect size results, there was little or mod-
erate effect size in the present study. Moreover, none of
the P values for the parameters compared between top
and bottom quintiles groups were near significance. So,
perhaps effect size did not have had an important role.

Finally, the International Diabetes Federation con-
sensus report was used to evaluate associations of CRF
with MetS, leaving aside the summarized metabolic risk
score due to some limitations”. In a longitudinal study
by McMurray et al®®, children with MetS (4:6%) had
lower PA levels and CRF outcomes than the non-MetS
group. Some 4-25 % of prepubertal children in the current
study presented MetS; these children belonged to the LCF
group and did not perform PA. A similar percentage has
been reported in another study of children”. The clas-
sical features for MetS appear to be present even in our
general prepubertal paediatric sample and to be related to
low CRF. It is therefore important to clarify the impact of
CRF and PA on non-traditional risk factors in children.

In relation to overall public health, new research is
needed to evaluate metabolic risk as well as the factors
related to it in children with low fitness measured by
Voomax, in different stages and ages. This would con-
tribute to establish the groups with health risk in child-
hood that could benefit from scheduled PA programmes.

Conclusions

The metabolic health profile of prepubertal children dis-
playing high levels of CRF is characterized by low TAG,
HOMA-IR, uric acid and CRP levels, and higher levels of
HDL-C and apo-Al, compared with children with low
CRF. The present study provides new information to
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understand the role not only of weight status but also
of the level of CRF on the metabolic health profile in
prepubertal children in relation to traditional and non-
traditional metabolic risk factors.

Acknowledgements

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.
The authors have no conflict of interest. The contribution
of each author to the manuscript was as follows: FJ.L.-C.,
J.d.D.B.-S. and M.G.-d.C. coordinated the fitness and
physical activity tests; J.L.P.-N. and M.G.-C. performed the
paediatric evaluations; F.J.L.-C. and M.G.-C. processed the
biochemical samples; M.C.M.-V. carried out the statistical
analyses. All authors contributed to the evaluation of results
and writing of the manuscript. Each author has seen and
approved the contents of the submitted manuscript.

References

1. Tailor AM, Peeters PH, Norat T et al. (2010) An update on
the prevalence of the metabolic syndrome in children and
adolescents. Int J Pediatr Obes 5, 202-213.

2. Weiss R (2010) Metabolic syndrome in childhood — causes
and effects. Endocr Dev 19, 62—-72.

3. Steele RM, Brage S, Corder K et al. (2008) Physical activity,
cardiorespiratory fitness, and the metabolic syndrome in
youth. J Appl Physiol 105, 342-351.

4. Zimmet P, Alberti KG, Kaufman F et al.; IDF Consensus
Group (2007) The metabolic syndrome in children and
adolescents — an IDF consensus report. Pediatr Diabetes 8,
299-306.

5. Gil-Campos M, Aguilera CM, Canete R et al. (2009) Uric
acid is associated with features of insulin resistance
syndrome in obese children at prepubertal stage. Nutr
Hosp 4, 607-613.

6. Bueno G, Bueno O, Moreno LA et al. (2006) Diversity of
metabolic syndrome risk factors in obese children and
adolescents. Physiol Biochem 62, 125-133.

7. Sellers EA, Singh GR & Sayers SM (2009) Apo-B/Al ratio
identifies cardiovascular risk in childhood: the Australian
Aboriginal Birth Cohort study. Diab Vasc Dis Res 6, 94-99.

8. Bouglé D, Zunquin G, Sesboué B et al. (2010) Relation-
ships of cardiorespiratory fitness with metabolic risk
factors, inflammation, and liver transaminases in over-
weight youths. Int J Pediatr 580897.

9. Mauras N, Delgiorno C, Kollman C et al. (2010) Obesity
without established comorbidities of the metabolic syn-
drome is associated with a proinflammatory and pro-
thrombotic state, even before the onset of puberty in
children. J Clin Endocrinol Metab 95, 1060-1068.

10. Kriemler S, Manser-Wenger S, Zahner L et al. (2008)
Reduced cardiorespiratory fitness, low physical activity and
an urban environment are independently associated with
increased cardiovascular risk in children. Diabetologia 51,
1408-1415.

11. Ekelund U, Anderssen SA, Froberg K et al. (2007)
Independent associations of physical activity and cardio-
respiratory fitness with metabolic risk factors in children: the
European Youth Heart Study. Diabetologia 50, 1832-1840.

12. Froberg K & Andersen LB (2005) Mini review: physical
activity and fitness and its relations to cardiovascular

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

5

disease risk factors in children. Int J Obes (Lond) 29,
Suppl. 2, $34-S39.

Ruiz JR, Ortega FB, Rizzo NS et al. (2007) High
cardiovascular fitness is associated with low metabolic risk
score in children: the European Youth Heart Study. Pediatr
Res 61, 350-355.

Invitti C, Maffeis C, Gilardini L et al. (2006) Metabolic
syndrome in obese Caucasian children: prevalence using
WHO-derived criteria and association with nontraditional
cardiovascular risk factors. Int J Obes (Lond) 30, 627-633.
Suriano K, Curran J, Byrne SM et al. (2010) Fatness, fitness,
and increased cardiovascular risk in young children.
J Pediatr 157, 552-558.

Hasselstrom H, Hansen SE, Froberg K et al. (2002) Physical
fitness and physical activity during adolescence as pre-
dictors of cardiovascular disease risk in young adulthood.
Danish youth and sports study. An eight-year follow-up
study. Int J Sports Med 23, 27-31.

Olds T, Tomkinson G, Léger L et al. (2006) Worldwide
variation in the performance of children and adolescents:
an analysis of 109 studies of the 20-m shuttle run test in
37 countries. Sports Sci 24, 1025-1038.

Garcia-Artero E, Ortega FB, Ruiz JR et al. (2007) Lipid and
metabolic profiles in adolescents are affected more by
physical fitness than physical activity (AVENA study). Rev
Esp Cardiol 60, 581-588.

McGavock JM, Torrance BD, McGuire KA et al. (2009)
Cardiorespiratory fitness and the risk of overweight in
youth: the Healthy Hearts Longitudinal Study of Cardio-
metabolic Health. Obesity (Silver Spring) 17, 1802—-1807.
Léger LA, Mercier D, Gadoury C et al. (1988) The multistage
20 meter shuttle run test for aerobic fitness. J Sports Sci 6,
93-101.

Tanner JM (1962) Growth at Adolescence. Oxford: Black-
well.

Sobradillo B, Aguirre A, Aresti U et al. (2004) Curvas y
tablas de crecimiento (estudios longitudinal y transversal).
Madrid: Fundacién Faustino Orbegozo Eizaguirre.
Moreno LA, Pineda I, Rodriguez G et al. (2002) Waist
circumference for the screening of the metabolic syndrome
in children. Acta Paediatr 91, 1307-1312.

Cole TJ, Bellizzi MC, Flegal KM et al. (2000) Establishing a
standard definition for child overweight and obesity
worldwide: international survey. BMJ 320, 1240-1243.
Pianta RC; National Institute of Child Health and Human
Development (2007) Developmental science and education:
the NICHD study of early child care and youth development
findings from elementary school. Adv Child Dev Behav 35,
253-296.

Committee of Experts on Sports Research EUROFIT (1993)
Handbook for the EUROFIT Tests of Physical Fitness.
Strasburg: Council of Europe.

Vale S, Santos R, Soares-Miranda L et al. (2010) The
relationship of cardiorespiratory fitness, birth weight and
parental BMI on adolescents’ obesity status. EurJ Clin Nutr
64, 622-627.

LaMonte MJ & Blair SN (2006) Physical activity, cardio-
respiratory fitness, and adiposity: contributions to disease
risk. Curr Opin Clin Nutr Metab Care 9, 540-546.

Allen DB, Nemeth BA, Clark RR et al. (2007) Fitness is a
stronger predictor of fasting insulin levels than fatness in
overweight male middle-school children. J Pediatr 150,
383-387.

Thomas NE, Cooper SM, Williams SP et al. (2007)
Relationship of fitness, fatness, and coronary-heart-disease
risk factors in 12- to 13-year-olds. Pediatr Exerc Sc 19,
93-101.

Aires L, Silva P, Silva G et al. (2010) Intensity of physical
activity, cardiorespiratory fitness, and body mass index in
youth. J Phys Act Health 7, 54-59.



NHS Public Health Nutrition

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Twisk JW, Kemper HC & van Mechelen W (2002) The
relationship between physical fitness and physical activity
during adolescence and cardiovascular disease risk factors
at adult age. The Amsterdam Growth and Health Long-
itudinal Study. Int J Sports Med 23, Suppl. 1, S8-S14.
Andersen LB, Harro M, Sardinha LB et al. (2006) Physical
activity and clustered cardiovascular risk in children: a
cross sectional study (The European Youth Heart Study).
Lancet 368, 299-304.

Kelishadi R, Cook SR, Amra B et al. (2009) Factors
associated with insulin resistance and non-alcoholic fatty
liver disease among youths. Atherosclerosis 204, 538-543.
Shaibi GQ, Ball GD, Cruz ML et al. (2006) Cardiovascular
fitness and physical activity in children with and without
impaired glucose tolerance. Int J Obes (Lond) 30, 45-49.
Katzmarzyk PT, Church TS & Blair SN (2004) Cardiorespi-
ratory fitness attenuates the effects of the metabolic
syndrome on all cause and cardiovascular disease mortality
in men. Arch Intern Med 164, 1092-1097.

Telford RD, Cunningham RB, Shaw JE et al. (2009)
Contrasting longitudinal and cross-sectional relationships
between insulin resistance and percentage of body fat,
fitness, and physical activity in children — the LOOK study.
Pediatr Diabetes 10, 500-507.

Puder JJ, Schindler C, Zahner L et al. (2011) Adiposity,
fitness and metabolic risk in children: a cross-sectional and
longitudinal study. Int J Pediatr Obes 6, €297—-e300.
Ostojic SM & Stojanovic MD (2010) High aerobic fitness
is associated with lower total and regional adiposity in
12-year-old overweight boys. J Sports Med Phys Fitness 50,
443-449.

Rizzo NS, Ruiz JR, Hurtig-Wennlof A et al. (2007) Relation-
ship of physical activity, fitness, and fatness with clustered
metabolic risk in children and adolescents: the European
Youth Heart Study. J Pediatr 150, 388-394.

Brage S, Wedderkopp N, Ekelund U et al. (2004) Features
of the metabolic syndrome are associated with objectively
measured physical activity and fitness in Danish children:
the European Youth Heart Study (EYHS). Diabetes Care 27,
2141-2148.

Pedersen BK & Saltin B (2006) Evidence for prescribing
exercise as therapy in chronic disease. Scand ] Med Sci
Sporis 16, 3-63.

43.

44.

45.

46.

47.

48.

49.

50.

52.

FJ Llorente-Cantarero et al.

Parrett AL, Valentine RJ, Arngrimsson SA et al. (2010)
Adiposity, activity, fitness, and C-reactive protein in
children. Med Sci Sports Exerc 42, 1981-1986.
Ring-Dimitriou S, von Duvillard SP, Paulweber B et al.
(2007) Nine months aerobic fitness induced changes on
blood lipids and lipoproteins in untrained subjects versus
controls. Eur J Appl Physiol 99, 291-299.

Anderssen SA, Cooper AR, Riddoch C et al. (2007) Low
cardiorespiratory fitness is a strong predictor for clustering
of cardiovascular disease risk factors in children indepen-
dent of country, age and sex. EurJ Cardiovasc Prev Rehabil
14, 526-531.

Kwon S, Burns TL & Janz K (2010) Associations of
cardiorespiratory fitness and fatness with cardiovascular
risk factors among adolescents: the NHANES 1999-2002.
J Phys Act Health 7, 746-753.

Hannon TS, Janosky J & Arslanian SA (2006) Longitudinal
study of physiologic insulin resistance and metabolic
changes of puberty. Pediatr Res 60, 759-763.

Choi HK & Ford ES (2007) Prevalence of the metabolic
syndrome in individuals with hyperuricemia. Am J Med
120, 442-447.

Kadoglou NP, Iliadis F, Angelopoulou N et al. (2009)
Cardiorespiratory capacity is associated with favourable
cardiovascular risk profile in patients with Type 2 diabetes.
J Diabetes Complications 23, 160-166.

Lee YH, Song YW, Kim HS et al. (2010) The effects of an
exercise program on anthropometric, metabolic, and
cardiovascular parameters in obese children. Korean Circ
J 40, 179-184.

Wijnstok NJ, Twisk JW, Young IS et al. (2010) Inflammation
markers are associated with cardiovascular diseases risk in
adolescents: the Young Hearts project 2000. J Adolesc
Health 47, 346-351.

Martos R, Valle M, Morales RM et al. (2009) Changes in
body mass index are associated with changes in inflam-
matory and endothelial dysfunction biomarkers in obese
prepubertal children after 9 months of body mass index SD
score loss. Metabolism 58, 1153-1160.

McMurray RG, Bangdiwala SI, Harrell JS et al. (2008)
Adolescents with metabolic syndrome have a history
of low aerobic fitness and physical activity levels.
Dyn Med 7, 5.



EVALUATION OF METABOLIC RISK IN GIRLS VS
BOYS IN RELATION WITH FITNESS
AND PHYSICAL ACTIVITY

Llorente-Cantarero FJ*°, Pérez-Navero JL°, Benitez-Sillero JD?, Mufioz-

Villanueva MC®, Gil-Campos M”

77






GENDER MEDICINE/VOL. 9, No. 6, 2012

Evaluation of Metabolic Risk in Prepubertal Girls Versus Boys
in Relation to Fitness and Physical Activity

Francisco Jesus Llorente-Cantarero, BS''?; Juan Luis Pérez-Navero, MD, PhD?;
Juan de Dios Benitez-Sillero, PhD'; Maria Carmen Mufioz-Villanueva, MD, PhD3; and
Mercedes Gil-Campos, MD, PhD?

!Department of Corporal Expression, Faculty of Education, University of Cordoba, Cérdoba, Spain;
“Department of Pediatrics, University Reina Sofia Hospital, Maimonides Institute for Biomedical Research
(IMIBIC), Cordoba Spain; and 3Unit of Methodology in Investigation, Maimonides Institute for Biomedical
Research (IMIBIC), Cordoba, Spain

ABSTRACT

Background: Low levels of cardiorespiratory fitness (CRF) and physical activity (PA) are associated with
a risk of the development of metabolic syndrome. Contradictory findings are reported in the literature
regarding the influence of sex and CRF and PA on metabolic changes.

Objective: The aim of this study was to analyze the effects of CRF and PA on lipid and carbohydrate
metabolism biomarkers in boys and girls.

Methods: A total of 82 prepubertal boys and 55 girls (7-12 years of age) were classified according to sex,
low or high CRF, and performance or nonperformance of PA. Anthropometric and blood pressure (BP)
measurements, plasma lipid profile values, glucose and insulin levels, and homeostasis model assessment
for insulin resistance were analyzed.

Results: The percentage of boys with high CRF and performance of PA was higher than that of girls (P <
0.05). When children of the same sex were compared, higher values for body mass index and waist
circumference z-scores were found for boys with low CRF compared with boys with high CRF (P < 0.001)
without differences between girls, and in all groups classified by PA. Systolic and diastolic BPs were higher
in boys than in girls, in both CRF and PA groups (P < 0.05). In the low CRF and no PA groups, girls had
higher plasma glucose, total cholesterol, and low-density lipoprotein cholesterol levels than boys, with
higher high-density lipoprotein cholesterol and apolipoprotein A levels (P < 0.05).

Conclusions: Sex in relation to CRF and PA could affect the plasma lipid profile. These changes in girls
are associated with low CRF and low levels of PA. Considering these results, we suggest the need to improve
CRF and promote PA, especially in girls, to reduce metabolic risk. (Gend Med. 2012;9:436-444) © 2012
Elsevier HS Journals, Inc.Elsevier HS Journals, Inc. All rights reserved.

Key words: childhood, fitness, metabolic biomarkers, physical activity.

INTRODUCTION
Low levels of cardiorespiratory fitness (CRF) and

dependent inverse relationship has been reported
between PA and cardiovascular risk.® In children, it

physical activity (PA) have been associated with a
greater risk of the development of metabolic syn-
drome (MS),! cardiovascular disease (CVD), and
type 2 diabetes.”? However, the literature is contra-
dictory regarding whether CRF and BP are related
or act via different mechanisms.** Although the
association between CRF and metabolic risk fac-
tors appears to be mediated by adiposity,® an in-

© 2012 Elsevier HS Journals, Inc. All rights reserved.
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has been reported that PA and CRF are separately
and independently associated with individual and
clustered metabolic risk factors.* It would be im-
portant to note which of these 2 variables is more
associated with metabolic parameters to propose
strategies to prevent or treat diseases. The ap-
proach is to know how we should act, whether to
achieve good physical condition or greater PA.

http://dx.doi.org/10.1016/j.genm.2012.08.006
1550-8579/$ - see front matter



Regular PA in young people may help to reduce
overweight/obesity and insulin resistance (IR),°
leading to an improvement in CRF.”> In adoles-
cents, IR appears to be inversely related to regular
PA, independently of adiposity and fat localiza-
tion.” Moreover, a correlation has been reported
between CRF and changes in insulin levels in
children.*®

It is not yet clear to what extent the relation-
ships among PA, CRF, and metabolic risk factors
are influenced by sex. Some studies have suggested
that the impact of high fat mass, low CRF, and low
PA on increased insulin levels is greater in boys,
whereas in girls, changes in insulin levels are asso-
ciated only with changes in fat mass.*® On the
other hand, in another study, increased PA and
CRF helped to control IR in boys.® An earlier study
of children 5 to 8 years of age highlighted a corre-
lation between PA and homeostasis model assess-
ment for insulin resistance (HOMA-IR) in girls but
not in boys.” Other authors, however, have re-
ported that IR varies with CRF in both sexes.® Age
and pubertal status can initiate transient meta-
bolic and hormonal changes as well as changes in
fat mass, which may be responsible, at least in
part, for the differences observed in other stud-
ies.*>’” With respect to this, it has been suggested
that estrogen may protect against the damaging
effects of low CRF on IR in young women.'?

Given the contradictory findings reported in the
literature regarding the influence of sex and CRF
and PA on metabolic changes, this study sought to
analyze the effects of CRF and PA on lipid and
carbohydrate metabolism biomarkers in prepuber-
tal boys and girls.

PATIENSTS AND METHODS
Subjects and Design

We encouraged 450 children from 2 local ele-
mentary schools to participate in the study. All the
children attending school were of middle socio-
economic status. Initially, a total of 156 prepuber-
tal children were to take part in the study; how-
ever, some of them were excluded because they did
not meet the inclusion criteria, decided not to par-
ticipate, or did not complete the study, or vein
puncture blood sampling was not possible. Finally,
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a group of 137 Spanish children (82 boys, 55 girls)
were selected. Children were asked to perform a
20-m shuttle run test (SRT) to evaluate their CRF.!
Inclusion criteria were age 7 to 12 years and defi-
nite prepubertal stage Tanner I'* validated by ap-
propriate plasma sex hormone levels. Exclusion
criteria were as follows: the presence of pubertal
development, disease, long recuperation period af-
ter illness, use of any drug that could alter blood
pressure (BP) or glucose or lipid metabolism, or
intake of a particular type of diet. Written in-
formed consent was obtained from a parent or
guardian, and the study procedures were verbally
explained to all the children. Approval of the
study was obtained from the local research ethics
committee in accordance with the Declaration of
Helsinki.

Children were classified into 2 groups according
to the methodology used in other studies.''*
Those children with a score equal to or greater
than the average reference value for the 20-m SRT
were assigned to the high CRF (HCRF) group, using
a validated scale developed by Olds et al,'' defined
for each age and sex. Those with lower than aver-
age scores were assigned to the low CRF (LCRF)
group. Regarding PA, the same sample was divided
into 2 groups without randomization: one that
regularly participated in an after-school program
of PA (PPA) and another that did not perform PA
and had sedentary habits (no PA).

Anthropometric and BP Measurements

Medical history was obtained, a physical exam-
ination was performed by pediatricians, and sexual
maturity was established by physical examination
according to the Tanner 5-stage scale.'?

For anthropometric measurements, children
were barefoot and in their underwear. Body weight
(in kilograms) and height (in meters) were mea-
sured using a standard beam balance (Seca, Ham-
burg, Germany). Body mass index (BMI) was
calculated as weight (kg)/height (m?). Waist cir-
cumference (WC) (in centimeters) was precisely
measured with a tape measure with the subject
standing. Moreover, the z-scores for BMI and WC
were calculated. Anthropometric measurements
were compared with the Spanish reference stan-
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dards'>'® for age and with sex-specific cutoff
points to estimate obesity."”

BP was measured with a random-zero sphygmo-
manometer (Dinamap V-100; GE Healthcare, Mil-
waukee, Wisconsin) after resting, with the subject
remaining immobile for at least 5 minutes in a
sitting position, and using the right arm, unless
there was a deformity.

CRF and PA
Fitness

To evaluate CRF, the 20-m SRT and other proce-
dures included in the standardized Eurofit battery
test'® were used. This test requires participants to
run back and forth between 2 lines set 20 m apart.
Running speed started at 8.5 km/h and increased
by 0.5 km/h each minute, reaching 18.0 km/h at
20 minutes. Running speed cues were indicated by
signals emitted by a commercially available CD-
ROM (Multistage fitness test [Bleep Test], CD ver-
sion 2009; Sport Coach, Armley, Leeds, United
Kingdom). Subjects were allowed to voluntarily
withdraw from the test after being verbally encour-
aged to perform maximally during each assess-
ment. The test ended when the subject failed to
reach the finish lines concurrent with the audio
signals on 2 consecutive occasions."’

Physical Activity

Children in the PPA group were observed while
engaged in an after-school program to evaluate PA.
Previous information from the staff was elicited to
select the children for this group. These after-
school programs are designed to encourage them
to take up some PA due to the increase in seden-
tary habits in children. With the objective of pre-
venting childhood obesity, the government has
established some PA programs in which children
can choose the activities they like. These were per-
formed 2 or 3 days per week. Thus, all the children
in this study who performed PA had similar activ-
ities conducted by the professional staff at the 2
schools. However, children in the present study
included in the no PA group did not voluntarily
participate in these programs. For the PPA group to
participate in the study, the children had to attend
the program at least 3 times per week for at least
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1 year. Additionally, a short test based on the
National Institute of Child Health and Human
Development-validated questionnaire?® and an
interview were used for both groups to obtain in-
formation about PA performance or sedentary
habits. Diversity in activities/programs attended
was sought. All the interviews were conducted dur-
ing the school hours, taking approximately 30
minutes. Sample questions in the individual inter-
view included the following. “Do you participate
in the after-school program?” “How many times
per week do you spend in the after-school pro-
gram?” “Describe a typical day in your after-school
program or in your after-school time.” “Why do
(don't) you come to the after-school program?”

Sampling and Biochemical Analysis

Baseline blood samples were obtained from all
children after a 12-hour overnight fast, using an
indwelling venous line to draw a 3-mL sample to
measure plasma glucose and insulin levels and ob-
tain a lipid profile. All samples were processed
within 2 hours of sampling and divided into ali-
quots for immediate analysis.

Glucose was analyzed using the glucose oxidase
method in an automatic analyzer (% CV: 1%).
Plasma triacylglycerols (TGs) (% CV: 1.5%), total
cholesterol (Chol) (% CV: 0.9%), high-density li-
poprotein cholesterol (HDL-c) (% CV: 0.8%), low-
density lipoprotein cholesterol (LDL-c) (% CV:
1.5%), apolipoprotein (apo) Al (% CV: 1.7%), and
apo B (% CV: 2.6%) were measured using an auto-
matic analyzer (Accelerator APS system, Architect-
c16000, Abbott Laboratories, Abbott Park, Illinois).
Plasma insulin was analyzed by radioimmunoas-
say with an automatic analyzer for microparticles
(Axsym, Abbott Laboratories). IR was assessed us-
ing the equation HOMA = fasting glucose (mM) X
fasting insulin (uwU/mL)/22.5.%!

Statistical Analysis

Data were expressed as mean (SD). Normality of
data distribution was assessed by the Shapiro-Wilk
test. Homogeneity of variance was estimated using
the Levene test. A Student f test for unpaired sam-
ples was used for mean comparisons between
groups for continuous variables with normal dis-
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Figure 1. Percentages of prepubertal boys and girls ac-
cording to different levels of cardiorespiratory
fitness (CRF) and physical activity (PA). HCRF =
high cardiorespiratory fitness group; LCRF =
low cardiorespiratory fitness group; PPA =
group that performed PA; NO PA = group that
did not perform PA. Statistical significance after
application of x* test. Data are expressed as
percentages. Significant differences between
boys and girls in the HCRF group and PA group:
*P=0.01; "P = 0.05.

tribution and the Mann-Whitney U test for those
with an asymmetric distribution. Comparisons be-
tween the groups of children after the SRT were
performed after adjusting for age and BMI. SPSS
software version 18 (SPSS, Inc, Chicago, Illinois)
was used for all statistical analyses.

RESULTS

Subject percentages by sex for CRF and PA levels in
boys compared with girls are shown in Figure 1.
There was a similar percentage of girls and boys in
the LCRF and no PA groups. The percentage of
boys with high CRF and who exercised regularly
was strikingly higher than that of girls.

Cardiovascular Fitness

Results for anthropometric measurements, BP,
carbohydrate metabolism, and lipid profile param-
eters according to the CRF levels are shown in
Table I. Higher z-scores for BMI and WC were
recorded for more prepubertal boys than girls in
LCRF groups. After comparing the sex cutoff
points of Cole et al,'” only 14 girls were over-
weight and 7 were obese, and 37 boys were over-
weight and 12 were obese.

Systolic and diastolic BPs were higher in boys
than in girls in the CRF groups. In the HCRF group,
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girls had higher blood glucose levels than boys,
whereas in the LCRF group, girls had higher glu-
cose, insulin, and HOMA-IR values.

After analyzing the lipid profile, in the LCRF
group, girls had higher plasma Chol and LDL-c
levels than boys. However, HDL-c levels were also
higher in girls than boys in both CRF groups.

Direct comparisons between girls (and between
boys) with LCRF and HCRF were also done. Higher
BMI and WC z-scores, systolic BP, insulin, and
HOMA-IR, cholesterol, and LDL-c and lower
HDL-c and apo A levels were found for boys with
LCRF than boys with HCRF. Girls with HCRF com-
pared with girls with LCRF had higher HDL-c and
apo A levels and lower apo B levels.

Physical Activity

The results of anthropometric measurements,
BP, carbohydrate metabolism, and lipid profile ac-
cording to the levels of PA are shown in Table II.
Systolic and diastolic BPs were higher in boys than in
girls in these PA groups. In children in the no PA
group, girls had higher glucose, HOMA-IR, Chol,
LDL-c, and TG levels than boys. Moreover, HDL-c
levels were also higher in girls than in boys of these
groups. Nonetheless, in the PPA group, blood glu-
cose values were higher in boys (Table II).

Comparing children of the same sex classified by
PA (girls vs girls and boys vs boys), there were
higher Chol, TG, LDL-c, HDL-c, apo A, and apo B
levels in girls in the no PA group compared with
girls in the PPA group. In boys, there were no
significant differences comparing the no PA and
PA groups. After adjusting data for BMI and age,
the analysis showed that BP values were influenced
by CRF, PA, and sex. All lipid parameters were also
affected by these 3 factors, with the exception of
Chol (P = 0.05) and TGs (P = 0.05), which were
not affected by sex. Glucose and insulin levels as
well as the HOMA-IR also varied because of these
factors but independently of sex (P < 0.001).

DISCUSSION

In this study, we provide new information regard-
ing the influence of sex on changes in metabolic
parameters, which, in turn, is also related to the
CRF and PA in each sex. Although we cannot es-
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Table I. Demographic data, anthropometric measurements, blood pressure, carbohydrate metabolism, and plasma lipid
profile biomarkers in prepubertal girls and boys according to different levels of cardiorespiratory fitness (CRF).

Low CRF (N = 63)

Variables Girls (n = 32) Boys (n = 31)
Age, y 9.00 (0.67) 10.35(1.02)
BMI z-score, kg/m? 0.72 (1.18) 1.67 (1.05)"
WC z-score, cm 0.59 (1.47) 1.39(1.26)"
SBP, mm Hg 114.53 (15.57) 131.74 (11.74)*
DBP, mm Hg 63.53 (11.57) 70.87 (7.9)
Glucose, mmol/L 4.89 (0.38) 4.51(0.32)
Insulin, mU/L 8.54 (4.18) 8.82 (4.05)*
HOMA-IR, pU/mL 1.86 (0.93) 1.79 (0.87)*
Chol, mg/dL 182.72 (30.74) 159.43 (23.61)*
TGs, mg/dL 71.62 (20.93) 68.76 (26.09)
LDL-c, mg/dL 110.59 (29.68) 97.1(15.48)
HDL-c, mg/dL 57.41 (11.59)* 50.55 (10.63)"
Apo A, mg/dL 145.94 (16.98)"  137.47 (19.34)°
Apo B, mg/dL 75.16 (18.08)* 71.43 (9.98)

Apo Al = apolipoprotein Al; Apo B = apolipoprotein B; BMI = body mass index; Chol

High CRF (N = 74)

P* Girls (n = 23) Boys (n = 51) P
<0.001 8.48 (1.08) 10.04 (0.96) <0.001
0.001 0.11(0.81) 0.41 (0.93) 0.821
0.048 0.01 (0.98) —0.14 (0.97) 0.998
<0.001 116.19 (9.45) 121.68 (10.57) <0.001
0.002 64.14 (8.03) 68.20 (9.55) 0.001
<0.001 4.75(0.33) 4.51(0.42) 0.008
0.834 6.40 (2.08) 5.87 (4.82) 0.054
0.773 1.35(0.48) 1.19 (1.07) 0.025
0.001 177.71 (31.47) 170.92 (20.65) 0.371
0.418 63.71(17.17) 59.14 (19.99) 0.236
0.029 101.57 (20.52) 100.57 (18.81) 0.843
0.026 63.00 (15.53) 58.14 (9.42) 0.007
0.155 150.43 (32.72) 150.1 (15.71) 0.270
0.494 66.81 (11.29) 72.65(12.24) 0.127

= total cholesterol; CRF = cardiorespiratory

fitness; DBP = diastolic blood pressure; HDL-c = high-density lipoprotein; HOMA-IR = homeostasis model assessment for insulin
resistance; LDL-c = low-density lipoprotein; SBP = systolic blood pressure; TGs = triacylglycerols; WC = waist circumference.

Data are expressed as mean (SD).

*Statistical significance between groups of girls and boys after application of Student’s t test for unpaired samples and the Mann-Whitney

U test for those with an asymmetric distribution.
P =< 0.001.
*P=0.05.
SP=0.01.

Significant differences between groups of the same sex (boys compared with boys and girls compared with girls) with different CRF.

tablish exactly what determines that girls have
metabolic differences in these variables compared
with boys, this study shows that girls have lower
CRF and perform less PA. The girls in the LCRF and
no PA groups had higher plasma glucose, Chol,
LDL-c, HDL-c, and apo A levels compared with
boys, despite being younger than boys and having
lower BMI and BP.

CREF reflects the overall capacity of the cardio-
vascular and respiratory systems and the ability to
perform exercise for prolonged periods. It ex-
presses a set of attributes associated with either
health or skill, and it has a strong genetic compo-
nent that remains relatively static, needing some
time to change.>** However, PA is often used in-
terchangeably with energy expenditure and phys-
ical fitness, but its definition implicates any body
movement produced by skeletal muscles that re-
sults in energy expenditure.*** Therefore, PA may
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exert an independent beneficial effect on health
regardless of fitness.

Exercise training has been inversely associated
with metabolic risk factors** and with an improve-
ment in glucose metabolism, inflammation, and
lipid profile; this highlights the impact of PA on
cardiovascular risk.”® Independent associations of
PA with CRF and fatness have been reported, sug-
gesting the involvement of different pathways.**
Other studies, however, report a weaker correla-
tion, or no correlation at all, even after further
adjustment for fatness and CRF.> On the other
hand, a relationship between high CRF and low
TG levels has been also noted, suggesting that
CRF, more than PA, could influence the lipid
profile.?®?7

With regard to sex, its influence on the CRF and
PA in relation to metabolism remains somewhat
unclear; in fact, few studies have been published
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Table Il. Demographic data, anthropometric measurements, blood pressure, carbohydrate metabolism, and plasma lipid
profile biomarkers in prepubertal girls and boys according to different levels of physical activity (PA).

No PA (N = 59)
Variables Girls (n = 30) Boys (n = 29)
Age, y 8.61 (0.74) 9.93 (1.01)
BMI z-score, kg/m? 0.46 (1.19) 0.76 (1.09)
WC z-score, cm 0.18 (1.40) 0.31(1.21)
SBP, mm Hg 11.86 (15.74) 122.03 (11.06)
DBP, mm Hg 61.82 (10.68) 67.10 (9.59)
Glucose, mmol/L 4.90 (0.36) 4.47 (0.45)
Insulin, mU/L 7.24 (2.95) 5.92 (3.25)
HOMA-IR, pU/mL 1.58 (0.68) 1.17 (0.65)
Chol, mg/dL 191.71 (25.27)F 167.27 (21.56)
TGs, mg/dL 71.89 (22.96) 61.34(19.87)
LDL-c, mg/dL 113.82 (26.93)* 99.79 (17.03)
HDL-c, mg/dL 63.07 (10.43)* 54.79 (10.78)
Apo A, mg/dL 154.57 (14.99)*  144.10 (18.90)
Apo B, mg/dL 76.21(17.02) 72.10 (11.68)
154.57 (14.99)*

Apo Al= apolipoprotein A1; Apo B = apolipoprotein B; BMI = body mass index; Chol

PPA (N = 78)
P* Girls (n = 25) Boys (n = 53) P
<0.001 9.00 (1.00) 10.29 (0.95) <0.001
0.907 0.49 (0.97) 1.04 (1.24) 0.265
1.000 0.56 (1.21) 0.58 (1.41) 1.000
0.017 117.80 (9.84) 128.26 (13.69) 0.001
0.024 65.96 (9.44) 70.41 (8.81) 0.05
<0.001 4.77 (0.37) 4.53(0.37) 0.006
0.066 8.15 (4.24) 7.66 (5.44) 0.312
0.017 1.75(0.95) 1.56 (1.19) 0.207
<0.001 168.44 (32.29) 166.36 (22.93) 0.775
0.098 64.68 (14.94) 66.53 (30.24) 0.407
0.024 99.4 (24.52) 98.82 (18.32) 0.909
0.006 55.76 (15.47) 55.35(10.46) 0.550
0.035 140.04 (30.11) 145.71 (17.76) 0.490
0.363 66.96 (13.87) 72.61(11.34) 0.071

= total cholesterol; DBP = diastolic blood

pressure; HDL-c = high-density lipoprotein; HOMA-IR = homeostasis model assessment for insulin resistance; LDL-c = low-density
lipoprotein; PA = physical activity; PPA = performance of physical activity; SBP = systolic blood pressure; TGs = triacylglycerols; WC =

waist circumference.
Data are expressed as mean (SD).

*Statistical significance between groups of girls and boys after application of Student’s t test for unpaired samples and the Mann-Whitney

U test for those with an asymmetric distribution.
P =< 0.05.
*P=0.01.

Bold values represent significant differences between groups of the same sex (boys compared with boys and girls compared with girls)

with different PA.

on this topic in children. It has been reported that
sex may be a significant predictor of CRF, although
other studies report no association. In children at
various stages of puberty (Tanner stages I-III),*>
and in healthy adolescents (Tanner stage 1V),>%*%%
it has been reported that CRF is higher in boys
than in girls. In the present study, similar results
were found: 70% of boys had better CRF compared
with girls (Figure 1).

Although some authors attribute this disparity
to differences in sexual maturity,”® with girls gen-
erally maturing earlier than boys, this explanation
does not hold here because only prepubertal chil-
dren were involved. It is clear that age is an impor-
tant predictor because it contributes to the im-
provement in running economy that occurs
during growth and development. When running
time is considered in 20mSRT, the values increase

with stage of maturity. In this work, the effect of
puberty on metabolic processes was excluded by
avoiding a mixed sample of children and adoles-
cents, which might have distorted the results. The
age difference between the groups of boys and girls
was ~1 year, and all participants were at Tanner
sexual development stage I to avoid the effect of
increased body fat associated with sexual matu-
rity,?” usually attributed to the decrease in CRF
reported in girls during adolescence.

Different authors use BMI and WC when refer-
ring adiposity. In the present study, we did not
measure fat mass directly, but adiposity was eval-
uated using BMI and WC measurements.*° We also
used the widely accepted classification of child-
hood obesity proposed by Cole et al'’ to estimate
whether our sample was healthy or overweight or
obese. In the present study, however, BMI and WC
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z-scores and BP values were higher in boys than in
girls in the LCRF groups (Table I). Moreover,
these variables were also higher in boys with LCRF
than in other boys with better CRF without
changes due to performing PA. Similar findings
were reported in other studies involving adoles-
cents and prepubertal children,*'? and a positive
correlation was reported between age and CRF in
boys but not girls.* Similar results were obtained in
this study.

With respect to metabolic markers, boys with
HCRF had significantly lower glucose, insulin, and
HOMA-IR values than girls in the HCRF group,
suggesting a lower risk of IR in this group of boys
(Table I).

Similarly, most of the boys in the study per-
formed PA (Figure 1), and the number of girls
who chose to participate in the after-school pro-
gram was lower than boys. In other studies of chil-
dren of different ages, lower fitness and lower ex-
ercise levels in girls have been attributed to genetic
and sociocultural factors.” In the present work, the
selection criteria were similar for boys and girls
because all of them were invited to participate in
this program at the same time and with the same
physical conditions. The socioeconomic level of
the boys and girls was similar. However, it has
been reported that girls are generally devalued in
society and are more vulnerable to physical and
emotional abuse and assault, which undermines
the perception of personal agency.*

In the no PA group, girls exhibited higher glu-
cose levels and higher HOMA-IR values than boys
(Table II). However, after adjusting for sex, the
results were independent of this factor. Telford et
al® reported that the HOMA-IR increased between
the ages of 8 and 10 years in both boys and girls,
the latter displaying not only greater absolute val-
ues of HOMA-IR in both age groups but also
greater changes over a 2-year period. These data
complement previous cross-sectional findings in-
dicating higher HOMA-IR values in girls than in
boys, even in 5 year olds not selected because of
obesity or illness.”” These authors found signifi-
cant longitudinal relationships between the
HOMA-IR and both CRF and PA in boys, fewer of
whom showed signs of advanced physical devel-
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opment compared with girls, and no variation was
found at Tanner stage 1.° However, physical mat-
uration is known to be an influential factor in the
widening sex gap in the HOMA-IR, and the accel-
erating growth in this parameter could be greater
in girls because of advanced maturation compared
with boys.®

With regard to the lipid profile, Chol and LDL-c
plasma levels were higher in girls with LCRF
(Table I) and in girls the no PA group (Table II)
compared with their male counterparts. Nonethe-
less, these sex-related differences were noticeably
absent in the HCRF groups (Table I) and in the
PPA groups (Table II). Several studies with ado-
lescents found lower CRF levels and higher lipid
marker levels in girls, even when the prevalence of
overweight is lower than in boys.”® Overall, HDL-c
was higher in girls, probably due to other factors
such as sex, age, and eating habits. HDL-c has not
been associated with PA,* but in the present study,
after adjusting for CRF, PA, and sex, neither Chol
nor TG was sex dependent, whereas other lipid
parameters were dependent on CRF and PA. More-
over, no PA girls had higher levels of most of the
lipid parameters with respect to girls who perform
PA, suggesting that sedentary habits could influ-
ence this profile in girls (Table II).

The limitations of this study, despite the rigor-
ous inclusion criteria applied, are mainly due to
the refusal of some children to take part in the
study as well as the influence of some socioeco-
nomic and demographic factors, which may influ-
ence the results of PA, CRF, or BMI evaluation. In
fact, the prevalence of overweight and obesity in
Spain has been increasing, higher than in other
European countries. Following World Health Or-
ganization standards, the prevalence of over-
weight in Spain found in a recent multicenter
study with 7500 children 6 to 9.9 years of age from
2010 to 2011 (ALADDIN) was 26.3%, whereas the
prevalence in girls was 25.9%.>* The prevalence of
obesity was 22% in boys and 16.2% in girls. There-
fore, the registered data are similar to the sample in
the present study.

In summary, these results suggest that low CRF
and no PA prompt changes in the lipid profile and
carbohydrate metabolism biomarkers. The atten-



dant metabolic risk seems to be greater in girls,
particularly in those not performing PA. However,
improvement of these conditions could eliminate
the risk of metabolic disease.

CONCLUSIONS

Sex, in relation to CRF and PA, seems to condition
the metabolic status increasing the risk of altera-
tions in the lipid profile in girls versus boys. These
changes are associated with low CRF and the lack
of PA. Taking these results into account, we sug-
gest the need to promote PA, especially in girls, to
improve their fitness and consequently reduce the
risk of metabolic disease.
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To assess the impact of fitness status and physical activity on oxidative stress in prepubertal children, we
measured selected biomarkers such as protein carbonyls (PC), lipid peroxidation products, and total nitrites,
as well as the antioxidant system: total glutathione (TG), oxidized glutathione (GSSG), reduced glutathione
(GSH), superoxide dismutase activity, and glutathione peroxidase. A total of 132 healthy children ages
7-12, at prepubertal stage, were classified into two groups according to their fitness level: low fitness (LF)
and high fitness (HF). They were observed while engaged in an after-school exercise program, and a
questionnaire was created to obtain information on their physical activity or sedentary habits. Plasma and
red blood cells were obtained to analyze biomarkers. Regarding oxidative stress markers, the LF group and
the sedentary group showed higher levels of TG and GSSG and a lower GSH/GSSG ratio than the HF group
and the children engaged in physical activity. A negative association was found between PC and GSSG and
TG and between TG and the GSH/GSSG ratio. Moreover, a negative correlation was found between GSSG
and fitness, with a positive correlation with the GSH/GSSG ratio. TG, GSSG, and the GSH/GSSG ratio seem to
be reliable markers of oxidative stress in healthy prepubertal children with low fitness or sedentary habits.
This research contributes to the recognition that an adequate level of fitness and recreational physical

activity in childhood leads to better health and oxidative status.

© 2012 Elsevier Inc. All rights reserved.

For many years, cardiorespiratory fitness (CRF) has been
thought to be an important marker of physiological status, as it
reflects the overall capacity of the cardiovascular and respiratory
systems and the ability to perform exercise for prolonged peri-
ods [1]. The variability between subjects influences the metabolic
outcomes [2] and presence of oxidative stress [3].

Overproduction of oxygen free radicals can damage essential
molecules such as nucleic acids, proteins, lipids, and carbohydrates,
in a process called oxidative stress (OS) [4-6]. To avoid the interaction
of reactive oxygen species (ROS) with macromolecules, cells have
developed various detoxification mechanisms and an antioxidant

Abbreviations: ADS, antioxidant defense system; BMI, body mass index; CRF,
cardiorespiratory fitness; GPx, glutathione peroxidase; GSH, reduced glutathione;
GSSG, oxidized glutathione; 4-HDA, 4-hydroxyalkenals; HF, high fitness; LF, low
fitness; LPO, lipid peroxidation products; MDA, malondialdehyde; NO,, total
nitrites; OS, oxidative stress; PA, physical activity; PC, protein carbonyls; ROS,
reactive oxygen species; SOD, superoxide dismutase; 20-mSRT, 20-m shuttle run
test; TG, total glutathione

* Corresponding author. Fax: +34957010017.

E-mail address: mercedes_gil_campos@yahoo.es (M. Gil-Campos).

0891-5849/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
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defense system (ADS) [7]. The antioxidant defense system can
be subdivided into enzymatic antioxidants, such as glutathione
peroxidase (GPx), glutathione reductase, and glutathione S-transfer-
ase, and enzymatic cascades including superoxide dismutase (SOD),
catalase, and nonenzymatic antioxidants—such as uric acid or
glutathione [8,9]. However, the behavior of OS in a healthy population
with various fitness levels and at different ages has not been
sufficiently investigated. In adults, changes in the ADS have been
assessed in trained and untrained subjects, suggesting lower OS in
trained subjects [7,10]. Similarly, it has been observed that training
status in adolescents can influence not only their antioxidant capacity
but also the oxidative molecular damage degree [11].

Physical inactivity has been associated with physiological
dysfunctions and reduced overall body resistance to OS [12,13].
Generally, at rest, the ADS is effective at controlling circulating
free radicals, limiting cellular damage [14]. However, it has been
reported that acute aerobic exercise induces OS, whereas regular
aerobic exercise decreases oxidant markers and increases anti-
oxidant enzyme activities [15]. Nonetheless, a substantial debate
still exists on this matter, mainly because of controversial find-
ings; in fact, most studies undertaken analyzed the OS profile in
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professional athletes or sports players habituated to high-inten-
sity agonistic competitions [16-19], but not in regular practice of
exercise or in the general population.

Although metabolic and physiologic differences exist between
children and adults [3,20], there are few studies investigating OS
induced by fitness and exercise in children. Moreover, it has been
shown that children rely less on anaerobic metabolism than
adults. So, oxygen flow to working muscles may be greater in
children and, consequently, the exercise-induced OS response in
children may be higher than that of adults [21]. On the other
hand, the effects of low fitness and physical inactivity on OS
remain uninvestigated, especially in childhood. The aim of this
study was to assess the impact of fitness status and physical
activity (PA) on OS in healthy prepubertal children, measured by
selected biomarkers such as protein carbonyls (PC), lipid perox-
idation products (LPO), and total nitrites (NO,), as well as on the
antioxidant system: total glutathione (TG), oxidized glutathione
(GSSG) and reduced glutathione (GSH), SOD activity, and GPx.

Participants and methods
Subjects and design

A total of 132 Spanish children (81 boys, 51 girls) were
selected from local elementary schools in Cordoba, Spain, to
perform a 20-m shuttle run test (20-mSRT) [22] to evaluate their
CRF. Additionally, they were asked about their physical activity
and sedentary habits. Afterward, they were observed while
engaged in an after-school exercise program to obtain informa-
tion on their PA.

The inclusion criteria of this study were healthy subjects ages
7-12, at prepubertal stage (Tanner I) [23], confirmed by appro-
priate plasma sex hormone levels. Exclusion criteria were as
follows: presence of pubertal development, disease, long periods
of rest after illness, use of any medication that alters blood
pressure or metabolism, and failure to repeat the same time
reached in the first attempt in the 20-mSRT.

The validated scale developed by Olds et al. [24] was used to
measure CRF after the 20-mSRT. The 20-m test performances are
indicated as Z scores relative to all children of the same age and
sex from all countries. In this study, the children were classified
into two groups according to the methodology used in previous
studies [25,26]: the children recording a score equal to or greater
than the average reference value were assigned to one group (70
subjects), designated as “equal or higher fitness” (HF), and those
with less-than-average scores (62 subjects) were assigned to the
“low fitness” group (LF) (Table 1).

After assessment of exercise habits, the children were classi-
fied into two groups: the physical activity practice group (in an
after-school program), PAG (76 subjects), and the sedentary
group, SG (56 subjects).

Table 1
Demographic, anthropometric, and blood pressure measurements in prepubertal
children with different levels of fitness.

Variable LF (N=62) HF (N=70) P

Age (years) 9.62 +1.06 9.60 +1.23 0.846
Sex (% boys) 48% 71% 0.012
BMI (kg/m?) 21.48 +3.99 18.7+2.82 <0.001
SBP (mm Hg) 1223 +15.85 120.3 +10.54 0.409
DBP (mm Hg) 66.83 +10.59 67.23 +9.27 0.820

LF, low fitness group; HF, equal or higher fitness group; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure. Statistical significance
after application of Student’s t test (or U of Mann-Whitney) to data is expressed as
the mean + SD and y? was used for comparison of proportions.

Written informed consent was obtained from parents or legal
guardians, and the study procedures were verbally explained to
all children. Ethical approval of the study was given from the local
human research and ethics committees.

Physical examination and anthropometric and blood pressure
measurements

Anamnesis and physical examination including the evaluation
of sexual maturity according to Tanner’s 5-stage scale [23] were
assessed. Anthropometric measurements (weight, height) were
measured using standard techniques. Body mass index (BMI) was
calculated as weight (kg)/height (m)?. Systolic and diastolic blood
pressures were measured at rest, three times, on the right arm
and while subjects were sitting, using a random-zero sphygmo-
manometer (Dinamap V-100).

Evaluation of cardiorespiratory fitness and physical activity

To evaluate CRF, the 20-mSRT [22] and other procedures
included in the standardized Eurofit battery test [27] were
measured [28]. This test requires subjects to run back and forth
between two lines set 20 m apart. Running speed started at
8.5km/h and increased by 0.5 km/h each minute reaching
18.0 km/h at minute 20. Running speed cues were indicated by
signals emitted by a commercially available CD-ROM. Subjects
were allowed to voluntarily withdraw from the test after being
verbally encouraged to maximally perform during each assess-
ment. The test came to its end when the subject failed to reach
the finish lines concurrent with the audio signals on two con-
secutive occasions [29].

To estimate physical activity, it was evaluated whether chil-
dren engaged in an after-school exercise program at least three
times per week for at least 1 year or they were sedentary, and a
short test based on the NICHD validated questionnaire [30] was
used for both groups to obtain information about PA practice and
sedentary habits.

Sampling and biochemical analysis

For all children, only one analytical evaluation was done at a
time. Blood samples were collected after a 12-h fasting period and
at rest, using an indwelling venous line to draw a 3-ml sample
into a tube containing EDTA. After centrifugation at 3500g for
10 min, plasma and the buffy coat were removed into different
Eppendorf tubes. The erythrocytes were washed three times. All
samples—divided into aliquots—were frozen at —80 °C until they
were analyzed.

Determination of oxidative stress biomarkers

Lipid peroxidation products

Plasma MDA and 4-hydroxyalkenals (4-HDA) were estimated
using the method described by Erdelmeier et al. [31]. This method
uses a chromatogenic reagent that reacts with MDA +4-HDA at
45 °C, yielding a stable chromophore with maximum absorbance
at 586 nm.

Protein carbonyls

Plasma concentration of PC was measured using the method of
Levine et al. [32]. Samples were incubated with 2,4-dinitrophe-
nylhydrazine in HCl for 60 min. Then, proteins were precipitated
from the solutions using 500 pl of trichloroacetic acid (20%).
Afterward, the proteins were washed with a solution of ethanol
and ethyl acetate (1/1 v/v) and dissolved in 1 ml of guanidine
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hydrochloride (6 M) at 37 °C. The carbonyls were evaluated in a
spectrophotometer (UV-1630; Shimadzu) at a wavelength of
360 nm [33].

Total nitrites (nitrites and nitrates)

NO, was used as a marker of nitric oxide (NO) levels and
assayed following the Griess method [34] in plasma. This assay
uses the determination of nitrite as an indicator of NO production
in biological samples. NO is transformed into nitrate and nitrite. It
is common practice to use either enzymatic or chemical reduction
to convert all nitrates into nitrite in a sample and measure total
nitrite as an indicator of NO production. When nitrate reduction
was complete, total nitrite was spectrophotometrically deter-
mined using the Griess reaction. The reaction was monitored at
540 nm. The absorbance was evaluated in a spectrophotometer
(UV-1603; Shimadzu) and expressed as grams per milliliter.

Determination of antioxidant biomarkers

Total glutathione, oxidized glutathione, and reduced glutathione

These antioxidant biomarkers in red blood cells were mea-
sured using Bioxytech aop-490 TM (Oxis International, Portland,
OR, USA). It is based on the reduction of Cu?* to Cu™ by the
combined action of the antioxidants of the sample. Thus, the
chromogenic reagent results in a complex with Cu™, which has an
absorbance at 490 nm [35]. TG and GSH levels were evaluated
using the Bioxytech GSH-420 and GSH-400 Kkits, respectively. The
determination of TG levels was based on the formation of a
chromophoric thione, which has absorbance at 420 nm. The GSH
concentration is based on a reaction that leads to the formation of
a chromophore with absorbance at 400 nm [36]. GSSG levels were
calculated by subtracting GSH from TG.

Activity of antioxidant enzymes: superoxide dismutase and
glutathione peroxidase

SOD activity was determined in erythrocytes using a colori-
metric assay kit purchased from BioVision Research Products
(Mountain View, CA, USA). SOD catalyzes the dismutation of the
superoxide anion into hydrogen peroxide and molecular oxygen.
The rate of the reduction with a superoxide anion is linearly
related to the xanthine oxidase activity and is inhibited by SOD.
Therefore, the inhibition activity of SOD is determined by a
colorimetric method.

The activity of GPx was evaluated in red blood cells by the
Flohé and Giinzler method [37] using a glutathione peroxidase
assay kit (Cayman Chemical). This assay is based on the oxidation
of NADPH to NADP*, which is catalyzed by a limiting concentra-
tion of glutathione reductase, with maximum absorbance at
340 nm. Activity was measured based on the formation of GSSG
from the GPx-catalyzed oxidation of GSH by H,0,, coupled with
NADPH consumption, in the presence of exogenously added
glutathione reductase, with maximum absorbance at 340 nm.

Statistical analysis

Data are expressed as means + SD. Normal data distribution
was assessed by the Shapiro-Wilk test. Homogeneity of variances
was estimated using the Levene test. Mean comparisons between
groups of continuous variables with normal distribution were
compared by Student’s ¢ test for unpaired samples, whereas those
with an asymmetric distribution were compared using the
Mann-Whitney U test. Mean+SD and median + interquartile
range were calculated for each parameter. The y? test was applied
for proportion comparisons.

To study associations between oxidative stress biomarkers, a
nonparametric correlation analysis was performed. Spearman’s p
correlation coefficients were calculated. The Statistical Package
for Social Science software (PASW Statistic 18; SPSS, Chicago, IL,
USA) was used for all statistical analyses.

Results

Demographic, anthropometric, and blood pressure measurements
in this group of prepubertal children classified according to CRF are
described in Table 1. There were no differences in age or blood
pressure levels between groups. BMI was higher in the LF group and
there were more boys than girls in the HF group (Table 1).

Regarding markers of OS, the LF group showed higher levels of
TG and GSSG and lower GSH/GSSG ratio compared with the HF
group (Table 2). Nevertheless, there were no significant differ-
ences between groups in some oxidant parameters such as LPO,
PC, and NO, and no differences were found in antioxidant
biomarkers (GSH, SOD, and GPx).

When the children were studied basing on their PA, no
significant changes were observed between the PAG and the SG
in oxidant and antioxidant biomarkers, except for TG and GSSG,
which were higher in the SG, with a lower GSH/GSSG ratio,
compared with PAG children (Table 3).

Table 2
Biomarkers of oxidative stress in prepubertal children with different levels of
fitness.

Biomarker of OS LF (N=62) HF (N=70) P

PC (nM) (plasma) 3.71 +£2.68 3.98+2.9 0.710
LPO (uM) (plasma) 0.21+0.1 023+0.12 0.288
NO, (M) (plasma) 146 +£3.66 14.63+542 0.729
GSH (pM/g hemoglobin) (RBC) 22.7 +3.69 22.42 +3.81 0.621
GSSG (uM/g hemoglobin) (RBC) 4.67 +2.87 3.66+2.54 0.051
TG (uM/g hemoglobin) (RBC) 2737 +4.55 26.08+5.25 0.023
GSH/GSSG (uM/g hemoglobin) (RBC)  9.54+10.66 10.91+10.79 0.048
SOD (U/ml/g hemoglobin) (RBC) 3.44+2.62 3.62+3.94 0460
GPx (U/ml/g hemoglobin) (RBC) 0.21+0.44 0.21 +0.33 0.340

LF, low fitness group; HF, equal or higher fitness group; PC, protein carbonyls;
LPO, lipid peroxidation products; NO,, total nitrites (nitrites and nitrates); GSH,
reduced glutathione; GSSG, oxidized glutathione; TG, total glutathione; GSH/
GSSG, reduced glutathione/oxidized glutathione ratio; SOD, activity of superoxide
dismutase; GPx, glutathione peroxidase; RBC, red blood cells. Statistical signifi-
cance after application of Student’s t test (or U of Mann-Whitney) to data is
expressed as the mean + SD.

Table 3
Biomarkers of oxidative stress in two groups of prepubertal children: a physical
activity practice group in a school program and a sedentary group.

Biomarker of OS SG (N=56) PAG (N=76) P

PC (nM) (plasma) 3.59+2.62 3.98 +2.92 0.504
LPO (uM) (plasma) 0.22+0.1 0.21+0.12 0.416
NO, (M) (plasma) 14744389 1447 +5.17 0.547
GSH (1M/g hemoglobin) (RBC) 2234324 22.75+4.05 0.974
GSSG (uM/g hemoglobin) (RBC) 4.81+2.81 3.59+2.55 0.013
TG (1M/g hemoglobin) (RBC) 27.11+4.04 26344551 0.050
GSH/GSSG (uM/g hemoglobin) (RBC) 8+7.51 12.2+13.01 0.008
SOD (U/ml/g hemoglobin) (RBC) 3.74+3.18 3.35+3.51 0.359
GPx (U/ml/g hemoglobin) (RBC) 0.15+0.17 0.25 +0.47 0.182

PAG, physical activity practice group in school program; SG, sedentary group; PC,
protein carbonyls; LPO, lipid peroxidation products; NO,, total nitrites (nitrites
and nitrates); GSH, reduced glutathione; GSSG, oxidized glutathione; TG, total
glutathione; GSH/GSSG, reduced glutathione/oxidized glutathione ratio; SOD,
activity of superoxide dismutase; GPX, glutathione peroxidase; RBC, red blood
cells. Statistical significance after application of Student’s ¢ test (or U of Mann-
Whitney) to data is expressed as the mean + SD.
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Table 4
Correlations between various biomarkers of oxidative stress and with fitness test
measurements in prepubertal healthy children.

Variable r P

GSH//PC -0.198 0.024
GSH//LPO -0.168 0.055
TG//PC —0.345 <0.001
TG//LPO -0.227 0.009
TG//GSH 0.738 <0.001
GSSG//PC -0.321 <0.001
GSSG//LPO -0.170 0.052
GSSG/|TG 0.737 <0.001
GSH/GSSG/[PC 0.294 0.001
GSH/GSSG/|TG -0.611 <0.001
GPx//LPO —-0.290 0.001
SOD/[GSSG 0.265 0.002
SOD//GSH/GSSG —-0.293 0.001
GSSG//20-mSRT —0.440 <0.001
GSH/GSSG/[20-mSRT 0.333 <0.001

PC, protein carbonyls; LPO, lipid peroxidation products; GSH, reduced glutathione;
GSSG, oxidized glutathione; TG, total glutathione; GSH/GSSG, reduced glu-
tathione/oxidized glutathione ratio; SOD, activity of superoxide dismutase; GPx,
glutathione peroxidase; 20-mSRT, 20-m shuttle run test. r, Spearman’s p correla-
tion coefficient; P, probability.

There were negative and significant associations between PC
and LPO with TG, PC with GSSG, and TG with the GSH/GSSG ratio.
Positive correlations were found between TG and GSH and
between TG and GSSG. Moreover, a negative correlation was
found between GSSG and CRF, with a positive correlation with
the GSH/GSSG ratio (Table 4).

Discussion

In this study, the biomarkers TG, GSSG, and GSH/GSSG ratio
seem to be precocious and sensitive parameters for measuring
changes in OS in prepubertal children, in relation to their CRF and
PA. Children with low CRF or sedentary habits showed higher
levels of TG and GSSG and a lower ratio of GSH/GSSG
(Tables 2 and 3).

To evaluate OS and CRF after training, free radical and other OS
biomarker levels were found to be lower than before training,
except in agonistic training, which exhibits a chronic oxidative
insult [38]. Moreover, most of the studies comparing trained and
untrained adults indicate that trained adults have higher blood
antioxidant enzyme levels both at rest and immediately after
exercise [39-41]. Similarly, it has been reported that untrained
individuals show a greater rise in OS biomarkers after exercise
than trained subjects [42,43]. These observations suggest that
appropriate fitness levels might positively reduce OS and partially
attenuate its aging effects and that training results in an adapta-
tion to exercise-induced OS [39]. In this work, GSSG and the CRF
score measured by 20-mSRT were negatively correlated, and a
positive correlation was found between this test and the GSH/
GSSG ratio (Table 4). These results agree with other associations
described for CRF and OS [3,41].

Specifically, in a few studies in young people and children
[38,44], athletes exhibit increased OS and less antioxidant capa-
city compared with untrained children, and the authors suggest
that, at these ages, subjects may be more susceptible to OS
induced by chronic exercise. In a recent study, after 6 weeks of
resistance exercise training in young males, GSH levels increased
when measured at rest, independent of the training intensity [15].
In light of the results obtained, we may suggest that after-school
exercise programs have lower intensity and are healthier, as they
limit the OS production.

Researchers have regularly studied GSH status as a marker of
OS in biological systems, as this seems to be one of the most
relevant indices of exercise-induced oxidant production [45]. It is
probable that repeated exercise can reduce GSH in the long term
and increase GSSG in the blood of child athletes [44]. In contrast,
in a study of young people with low training frequency, a well-
balanced profile was observed at rest, but they were more
susceptible to exercise-induced variations in GSSG/GSH with
respect to others with a higher level of training. In fact, and
agreeing with our results (Tables 2 and 3), the present study
indicates that the GSH/GSSG ratio remains the most sensitive and
reliable marker of OS, according to the data reported in scientific
literature [38].

LPO have been established as a major pathogenetic mechanism
of cellular injury in humans [46]. In these prepubertal children,
we found no differences in LPO, PC, and NO, levels between the
groups, probably indicating that OS is minimum and that CRF and
PA produce no changes. However, studies in trained adults
[10,47,48] have shown lower levels of circulating lipid peroxida-
tion markers than in untrained.

In addition, it has been reported that plasma concentrations of
NO, increased significantly with exercise in elderly women [49].
However, in a study of postmenopausal women, NO, was not
significantly different in the fit group compared with the seden-
tary group, most likely because of the relatively small sample size
and wide interindividual variability [41]. In the present study, the
absence of differences in these oxidant parameters may be due to
the fact that the children of the sample were healthy and the PAG
children were engaged in a non-competitive and less intensive
exercise program than other cohorts [10,44]. On the other hand,
the prepubertal stage and the young age of the studied subjects
could be relevant factors that could explain the absence of OS.
Aging [41] and puberty [50] are factors known to influence OS
status. In fact, we selected prepubertal children to avoid this
factor, including girls, although they were in the LF group in
higher proportion. It has been reported that girls are usually more
sedentary because of psychological factors. In other studies,
genetic and sociocultural factors seem to be involved in this
situation [51]. In the present work, the selection criteria were
similar for both boys and girls because all of them were encour-
aged to participate in the same program at the same time. The
socioeconomic levels of the boys and girls were similar; all of
them were in the same school and lived near. Girls are generally
devalued in society and are more vulnerable to physical and
emotional abuse, which undermine their perception [52]. Maybe
this is the reason the number of girls who chose to participate in
the after-school program was lower than that of the boys.

Also, obesity is associated with increased inflammation and
0S. Moreover, obese children have distinct patterns of dysregula-
tion in baseline and adaptive oxidative responses to acute
exercise that can also increase inflammation and OS [53]. In this
work, children with LF had higher BMI than the HF group
although they were not obese and, although this situation could
influence the results, maybe it was not a main factor.

In this context, the high levels of the antioxidant enzyme GPx
and catalase found in fit populations and the positive relationship
between GPx and fitness variables support the paradigm that
regular exercise upregulates the antioxidant defense, in response
to the acute increase in ROS generation during a single bout of
exercise [54]. When studying GPx and SOD levels, we found no
differences between the low- and the high-CRF group or between
the PAG and the SG. These results may indicate that, in pre-
pubertal children, there is a balance between oxidation and
reduction mechanisms, regardless of the subject’s CRF and PA;
this conclusion is also supported in this study by the results
obtained for LPO, PC, and NO,, in that no changes were found
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between the groups. This could indicate that, in children at these
ages, those with good CRF and practicing regular exercise do not
show any OS, whereas sedentary children and those with low CRF
show slight OS levels.

On the other hand, negative and significant correlations
between PC and LPO with TG, PC with GSSG, and TG with GSH/
GSSG ratio show a physiologic answer. In sedentary children and
those in poor physical condition, OS is expressed by higher levels
of TG and GSSG and a lower GSH/GSSG ratio. These changes could
be modulated by a higher activity of the glutathione synthesis
enzyme, which results in no significant differences in plasma
levels of GSH. However, these inverse relationships could indicate
a compensation of the enzymatic system. If oxidation were
higher, greater levels of TG, glutathione reductase enzymatic
activity, and GSH would be expected to act as an antioxidant to
compensate for this situation. Finally, in a situation of OS, the
enzymatic system could induce TG consumption in an environ-
ment of high levels of other oxidant markers as PC or LPO.

Conclusions

GT, GSSG, and GSH/GSSG ratio seem to be reliable markers of
oxidative stress in healthy prepubertal children with low CRF or
sedentary habits. The correlations found could indicate that the
enzymatic system would act to compensate for OS to avoid an
increase in oxidants, although further studies in children are
necessary. This research contributes to the recognition that an
adequate level of fitness and recreational physical activity in
childhood leads to better health and oxidative status.
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ABSTRACT

Tissue damage resulting from oxidative stress induced by a pathological condition might have
more serious consequences in children than in adults. Researchers still have not identified
particular markers -alone or in combination with others- of oxidative stress, and their role in
pediatric diseases.

Aim: To identify gender-based biomarkers for measuring oxidative stress status.

Methods: Oxidative biomarkers were studied in 138 healthy Spanish children (85 boys, 53
girls) aged between 7-12 years at prepubertal stage (Tanner I) independently of body mass
index (BMI), age, fitness (measured by 20-mSRT) and physical activity (PA) (measured by
enrolment in an after-school program of exercise).

Oxidative biomarkers measured: lipid peroxidation products (LPO), total nitrites (NOx),
protein carbonyls (PC) and oxidized glutathione (GSSG). Antioxidant biomarkers: total
glutathione (TG), reduced glutathione (GSH), superoxide dismutase activity (SOD) and
glutathione peroxidase (GPx) activity.

Results: Girls presented lower height, weight and waist circumference values, and a lower
BMI than boys. In relation to oxidative biomarkers, boys presented higher levels of PC as
compared to girls (P<0.001). In spite of this, the group of girls presented higher levels of
GSSG (P<0.001) and TG (P=0.001), and a lower GSH/GSSG ratio (P<0.001) as compared to
the group of boys. As for the antioxidant response, girls showed higher levels of SOD
(P=0.002) than boys. All analyses were adjusted for BMI, age, fitness and physical activity.
Conclusion: Prepubertal girls presented higher oxidative stress than boys, a situation that was
parallel joint with elevated levels of SOD, independently of age, BMI, fitness and physical
activity.

Key words: paediatric, healthy, oxidative stress, gender, fitness, physical activity
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INTRODUCTION

An over-production of free radicals may alter the endogenous antioxidant defense system,
which has been associated with an increase in oxidative stress (OS). OS biomarkers determine
the extent of oxidative injury (Jakus and Rietbrock 2004; Noiri and Tsukahara 2005); this
occurs in many pathological processes and contributes to disease mechanisms significantly
(Heitzer et al. 2001). The effects of oxidation can be predicted through OS biomarkers, which
can provide the basis for designing appropriate interventions to prevent or alleviate oxidative
damage (Fisher-Wellman and Bloomer 2009). The detection of more than one OS biomarker
is crucial, as a single biomarker might yield misleading results (Tsukahara 2007).

Tsukahara (2007) states that under normal physiological conditions, younger people
(especially children) are more likely to be exposed to higher concentrations of reactive
oxygen species (ROS) and total nitrites (NOx, as marker of nitric oxide, NO, formation) than
older people. Moreover, authors have associated the pathogenesis and evolution of numerous
diseases at this age with ROS-induced oxidative damage (Casado et al. 2007). The reason is
infants’ need for subsequent tissue growth to match somatic growth, and survival rates in
children are normally higher. Furthermore, the use of antioxidants has presented new
therapeutic perspectives for diseases that are related to enhance OS (Tsukahara 2007).

Women appear to have greater resistance to inflammatory and oxidative processes
than men (Kerksick et al. 2008), which might influence the prevalence and severity of certain
diseases —especially cardiovascular diseases (Miller et al. 2007). In fact, the gender longevity
gap is associated with lower OS (Ali et al. 2006, Pepe et al. 2009).

In animal models, females have been shown to display higher concentrations of
antioxidants and greater resistance to oxidative damage (Bureau et al. 2003). Similarly, in
humans, higher glutathione peroxidase (GPx) (Rush and Sandiford 2003) and lower lipid and

DNA oxidation (Pansarasa et al. 2000) have been reported in young women as compared to
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men (Proteggente et al. 2002), while higher glutathione has been reported in newborn baby
girls as compared to boys (Lavoie and Chessex 1997), thus suggesting that females might
have some type of protection against oxidant insults at birth. Moreover, there is no convincing
evidence on an existing correlation between OS and some diseases (Pavlova et al. 2005), and
few evaluation studies are available on the oxidative status of healthy children (Tsukahara
2007).

On the other hand, obesity-related alterations in OS markers have been reported to be
largely gender-independent in adolescents (Oliver et al. 2010). Physical fitness is known to
exert independent positive effects on oxidative homeostasis regardless of the adiposity status
(Kasapis and Thompson 2005). However, the oxygen flow into working muscles may be
greater in children and, consequently, exercise-induced OS response may be higher in
children than in adults (Cooper et al. 2004). Acute aerobic exercise has been reported to
induce OS, while regular aerobic exercise has been associated with a decrease in oxidants and
an increase in antioxidants (Cakir-Atabek et al. 2010).

Therefore the aim of this study is to evaluate the status of a series of oxidative
markers: lipid peroxidation products (LPO), NOx and proteins carbonyl (PC) and oxidized
glutathione (GSSG), and antioxidant biomarkers such as: total glutathione (TG), reduced
glutathione (GSH), superoxide dismutase activity (SOD), and GPx, in prepubertal of both
genders, and to analyze whether these biomarkers are influenced by age, body mass index

(BMI), cardiorespiratory fitness (CRF) and physical activity (PA).

MATERIALS AND METHODS
Subjectsand Design
We encouraged 450 children from two local elementary schools to participate in the study. At

the beginning, we numbered a total of 156 prepubertal children for the study though some of
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them were lastly excluded as these did not meet the inclusion criteria, or decided not to
participate or not complete the study, or vein puncture blood sampling was not possible.
Finally, a total of 138 healthy Spanish children (85 boys, 53 girls) aged between 7-12 years at
prepubertal stage (Tanner I) were included. Exclusion criteria were: presence of pubertal
development, disease, long periods of rest after illness or use of any medication altering blood
pressure or metabolism.

The study was conducted at the Department of Paediatrics. Written informed consent was
obtained from parents or legal guardians, and the study procedures were verbally explained to
all children. Ethical approval of the study was given from the local human research and
Hospital ethical committees. The study methodologies conformed to the standards set by the
Declaration of Helsinki.

Physical Examination, Anthropometric and Blood Pressure Measurements

Anamnesis and physical examination including the evaluation of sexual maturity according to
Tanner’s five-stage scale (Tanner 1962) were assessed. Prepubertal stage was established as
Tanner stage I and confirmed by identification of appropriate plasma sex hormone levels.
Anthropometric measurements (weight, height) were taken using standard techniques. BMI
was expressed as weight (kg)/ height (m?). Systolic and diastolic blood pressure (BP) were
measured at rest by the same person to the right arm and while subjects were sitting, using a
random-zero sphygmomanometer (Dinamap V-100). An average of three consecutive
measurements was taken for analysis.

Evaluation of Fitness and Physical Activity

A validated scale developed by Olds et al. (2006) was used to measure fitness after
performing a 20-meter shuttle run test (20-mSRT) described in detail below (Léger et al.
1988). This test is one of the most commonly used field tests to assess fitness in children and

adolescents. At first, there was a learning development to do the test correctly. Afterwards,

5



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

Page 6 of 24

participants ran as long as possible back and forth across a 20-m space at a specified audio
signal protocol that increased by 0.5 km/h each minute, one time, at a running speed of 8.0
km/h. The 20-MST is a maximal running test starting Subjects were allowed to voluntarily
withdraw from the test after being verbally encouraged to perform maximally during each
assessment. The test is completed when the participant fails to reach the end lines concurrent
with the audio signals on two consecutive occasions. The last lap completed was considered
the individual fitness level for being the raw variable obtained. The 20-m test performances
are indicated as z-scores relative to all children of the same age and sex from all countries.
To estimate PA, we investigated whether children were engaged in an after-school
exercise program at least three times per week for at least 1 year, or on the contrary they were
sedentary; a short test based on the NICHD validated questionnaire (Pianta 2007) was used in
both groups to obtain information about PA practice and sedentary habits. Prior information
from the staff was also elicited to select the children for each group. These after-school
programs are designed to encourage them to take up some physical activity due to the
increase in sedentary habits in children. Thus all the children in this study who practiced PA

had similar activities driven by the professional staff of the two schools.

Sampling and Biochemical Analysis

Blood samples were collected between 9:00-9:30h am after a 12h-fasting period and at rest,
using an indwelling venous line to draw a 3-ml sample in tubes containing 1 mg/ml EDTA-
K3 as anticoagulant (for plasma and erythrocytes) . Samples were placed in chilled tubes with
and were stored in containers with ice and kept in dark. Particular care was taken to avoid
exposure to air light and ambient temperature. Plasma was separated from erythrocytes by

centrifugation at 3500g for 10min. within 1 h of extraction. Aliquots of supernatant (1 ml)
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were immediately frozen to -82°c until analysis, one month later. Determination of Oxidative
Stress and Antioxidant Biomarkers

Lipid Peroxidation Products (LPO): Plasma malondialdehyde (MDA) and 4-
hydroxyalkenals (4-HDA) were estimated using the method described by Eldermeier et al.
(1998). This method uses a chromatogenic reagent that reacts with MDA+4-HDA at 45°C,
yielding a stable chromophore with maximum absorbance at 586 nm.

Protein Carbonyls (PC): plasma PC concentrations were measured using the method
described by Levine et al. (1990). Samples were incubated with 2.4-dinitrophenylhydrazine in
HCI for 60 min. Then, proteins were precipitated from the solutions using 500 pl of
trichloroacetic acid (20%). Subsequently, proteins were washed with a solution of ethanol and
ethylacetate (1:1 v/v), and dissolved in 1 ml of guanidine hydrochloride (6M) at 37°C.
Carbonyls were evaluated in a spectrophotometer (UV-1630; Shimadzu) at a wavelength of
360 nm (Luo and Levine 2009.

Total Nitrites (nitrites and nitrates; NOx): NOx was used as markers of NO levels, and were
assayed following the Griess method (Ricart-Jané et al. 2002) in plasma. This assay uses the
determination of nitrite as an indicator of NO production in biological samples. NO is
transformed into nitrate and nitrite. It is common practice to use either enzymatic or chemical
reduction to convert all nitrates into nitrite in a sample and measure total nitrite as an indicator
of NO production. When nitrate reduction was completed, total nitrite was
spectrophotometrically determined by using the Griess reaction. Reaction was monitored at
540nm. Absorbance was evaluated in a spectrophotometer (UV-1603; Shimadzu) g/ml.

Total Glutathione (TG,) Oxidized Glutathione (GSSG) and Reduced Glutathione (GSH):
TG and GSH levels were evaluated in red blood cells using the Bioxytech GSH-420 and
GSH-400 kits, respectively from, BIOXYTECH® aop-490 TM (Oxis International, Portland,

OR, USA). It is based on the reduction of Cu*" to Cu" by the combined action of the
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antioxidants of the sample. Thus, the chromogenic reagent results in a Cu’ complex with
absorbance at 490nm (Price et al. 2006). The determination of TG levels was based on the
formation of a chromophoric thione with absorbance at 420 nm. The GSH concentration is
based on a reaction which leads to the formation of a chromophore with absorbance at 400 nm
(Rahman et al. 2006). GSSG levels were calculated by subtracting GSH from TG.
Superoxide Dismutase (SOD) and Glutathione Peroxidase (GPx): SOD activity in
erythrocytes was determined using a colorimetric assay kit from BioVision Research Products
(Mountain View, CA, USA). SOD catalyzes the dismutation of the superoxide anion into
hydrogen peroxide and molecular oxygen. The reduction rate by a superoxide anion has a
linear relationship with xanthine oxidase activity and is inhibited by SOD. Therefore, the
inhibitory activity of SOD is determined by a colorimetric method.

GPx activity in red blood cells was evaluated by the Flohé and Gunzler method (1984)
using the Glutathion Peroxidase assay kit (Cayman Chemical). This assay is based on the
oxidation of NADPH to NADP", which is catalyzed by a limited concentration of glutathione
reductase, with maximum absorbance at 340 nm. Activity was measured basing on the
formation of GSSG from the GPx-catalysed oxidation of GSH by H,0,, coupled with
NADPH consumption, in the presence of exogenously added glutathione reductase, with
maximum absorbance at 340 nm.

Statistical Analysis

Data were expressed as mean = SD. Normal data distribution was assessed by the Shapiro-
Wilk test. Homogeneity of variances was estimated using Levene’s test. The group means for
continuous variables with normal distribution were compared by Student’s t-test in unpaired
samples, while variables with asymmetric distribution were compared using the Mann-

Whitney U test.
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Finally, differences between boys and girls were determined by analysis of covariance
(ANCOVA) after adjustment for age, BMI, fitness and PA. All statistical analyses were
performed using the Statistical Package for Social Science software (PASW Statistic 18. Inc.

Chicago, IL, USA).

RESULTS

Anthropometric differences were found between girls and boys. Prepubertal girls were
younger than prepubertal boys, and presented lower height, weight and waist circumference,
and a lower body mass index, as compared to boys. Similarly, girls showed lower levels of
BP (Table 1).

As concerns oxidative and antioxidant biomarkers, differences were observed between
sexes before adjustments by age, BMI, fitness and physical activity (Table 2). After
adjustments, as far as oxidant biomarkers are concerned, boys presented higher levels of PC
than girls (girls: 1.74 vs boys: 5.27 nM; P: <0.001), while no differences were found in LPO
(girls: 0.21 uM vs boys: 0.22 uM; P: 0.632) and NOx (girls: 14.67 uM vs boys: 14.63 uM; P:
0.975) markers between groups.

Relating to the antioxidant response, boys showed lower levels of TG (P=0.001)
(Figure 1) and SOD as compared to the group of girls (Figure 2).

On the contrary, girls presented higher GSSG levels and a lower GSH/GSSG ratio
than boys (Figure 1). No differences were found in GPx (Figure 2).

DISCUSSION
The main results of the present study suggest that there is an independent effect of gender on
OS, even at prepubertal age. Girls showed higher levels of TG, GSSG and SOD and a lower

GSH/GSSG ratio, as compared to the group of boys.
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Concerning the related literature reviewed, scarce research has been conducted on
prepubertal subjects or newborns (Casado et al. 2007, Lavoie and Chessex 1997). Most
studies are focused on the adult population and are not gender-based (Picot et al. 1992).
Nevertheless, the present study comprises a larger sample of children than previous studies.

Albeit the results obtained in anthropometric differences between sexes, we think
these differences probably do not have an influence on OS. In fact, the analysis was adjusted
for age and BMI to avoid such effects. In addition, to avoid the effect of puberty on OS
(Pérez-Navero et al. 2009), our study is focused on the prepubertal stage (ages between 7-12-
year-old) rather than on age-matched groups, as compared to previous studies that were
conducted regardless of the physical development stage of infants (Erden-Inal et al. 2002).

By the other hand, good fitness (Santos-Silva et al. 2001) and moderate exercise have
been proposed to have an antioxidant effect (Gomez-Cabrera et al. 2008; Llorente et al, 2012).
Some authors have found that boys and girls did not differ in the redox response to training
(Cavas and Tarhan 2004, Kabasakalis et al. 2009) or acute exercise (Nikolaidis et al. 2007).
Similarly, we found no differences in OS biomarkers between boys and girls in relation to
CRF and PA levels.

TG is a low-molecular-mass, thiol-containing tripeptide, glutamic acid-cysteine-
glycine. It plays a major role in the detoxification of a wide range of chemicals. It acts as a
cofactor for the enzyme peroxidase, thus serving as an indirect antioxidant donating electrons.
It also exhibits a non-selenium-dependent GPx activity against organic hydroperoxides
(Guemouri et al. 1991). A high TG activity has been observed during the first year of life,
later it decreases and remains constant in childhood, adulthood and old age (Picot et al. 1992).
The results of the present study in childhood are in agreement with those obtained by other

authors as Habif et al. (2001) who found that females showed higher levels of TG than males.

10

Page 10 of 24



Page 11 of 24

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

271

GSH is converted to oxidized glutathione (GSSG) by seleno-dependent GPx. GSSG is
subsequently reduced back to GSH by glutathione reductase (GSH-Rd). These two
glutathione-dependent coupled enzymes (GPx and GSH-Rd) maintain the GSH/GSSG ratio
within the cell, and an imbalance in this ratio generates OS (Al-Turk 1987). Erden-Inal et al.
(2002) found no differences between females and males in GSH and GSSG biomarkers at the
ages studied. However, they found differences in the GSH/GSSG ratio in a small group (28
subjects aged between 2-11 years old) where females presented lower GSH/GSSG ratios than
males. The results obtained by Erden-Inal et al. (2002), match those obtained in this study —
where a larger sample was used— where girls showed lower GSH/GSSG ratios and higher
GSSG values than boys.

Our results might suggest that healthy girls may be more prone to OS than boys;
although boys showed higher PC levels. However, there are numerous different types of
protein oxidative modification, and there is no single universal marker for protein oxidation
(Dalle-Donne et al. 2003). By the other hand, the ratio of reduced GSH to oxidized GSH
(GSSQ) is an indicator of cellular health, with reduced GSH constituting up to 98% of cellular
GSH under normal conditions. So, the GSH/GSSG ratio is reduced in some diseases and it is
an excellent biomarker to measure the cellular redox potential (Owen and Butterfield, 2010).
So, the significant increase in the GSH/GSSG ratio resulting from lower GSSG levels in boys
suggests that boys may have a lower oxidant status.

The body has developed a complex defense strategy to minimize the damaging effects
of oxidants. Central to this defense are antioxidant enzymes, which include SOD and GPx
(Franco et al. 2007). A study conducted on a Turkish population established a relationship
between age, gender and physical exercise, and SOD and GPx. The Turkish study found no
gender-based differences in any antioxidant enzyme. However, the results showed higher

levels of SOD and GPx in children-adolescents and adults than in elderly people, and lower
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levels of SOD and GPx in adults after acute exercise (Ozbay et al. 2002). In the present study,
girls showed higher levels of SOD as compared with boys, though no differences were found
in GPx levels. These results were not dependent on age, exercise or CRF. Other studies in
children have observed an elevated erythrocyte SOD activity (Aydin et al. 2001). This result
has been explained to be a compensatory mechanism against superoxide radical
overproduction. This protective mechanism can be also observed in some disorders
characterized by the presence of OS, as obesity (Erdeve et al. 2004) or atherosclerosis
(Sierakowska-Fijatek et al. 2008) in children.

In this study, as other authors have referred (Habif et al. 2001), it is still unknown the
role of gender in relation to physiological changes in the oxidation system. In neonates it has
been suggested that gender-related differences could exist in the maturation of the enzymatic
systems in different tissues (Lavoie and Chessex, 1997). Different studies similar to ours, also
describe the possible relationship of different factors such as age, environment or lifestyle and
its influence on the results in both sex (Nikolaidis et al, 2007). For this reason, interference
variables introduced as BMI, CRF or PA, being the gender the only factor that has been
shown to have an independent relation with the production of oxidative stress. Therefore,
further studies are needed in subgroups of age and sex to assess the possible influence and try
to know the physiological mechanism that induces this situation.

CONCLUSION

Prepubertal girls presented higher oxidative stress than boys, a situation that was parallel joint
with elevated levels of SOD, independently of age, BMI, fitness and physical activity. Future
paediatric research could give more information about the influence of gender in oxidative

stress mechanisms.
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Table 1. Demographic, anthropometric and blood pressure measurements in prepubertal boys

and girls.

Girls Boys P
53 85
Age (years) 8.78+0.90 10.16£0.97  <0.001
SBP (mmHg) 115.20+£13.64 125.89£12.65 <0.001
DBP (mmHg) 63.92+10.36  69.14+£9.15  0.003
Weight (kg) 36.9449.14 4589+ 12.84 <0.001
Height (cm) 138.41+6.31  147.19£9.97 <0.001
BMI (kg/m?) 19.08+3.68 20.83+£3.74  0.010
WC (cm) 63.62+9.11  69.56£11.09  0.002
CRF (low) (%) 60.4 37.8 0.170
Non PA practice (%) 52.8 34.5 0.520

BMI: Body Mass Index; CRF: cardiorespiratory fitness; DBP: Diastolic Blood Pressure, PA:
physical activity; SBP: Systolic Blood Pressure; WC: waist circumference.

Data in percentiles for BP: (SBP: P90-95 in girls vs >P95 in boys; DBP: P75 in girls vs P90 in
boys). The 90th percentile is 1.28 SD, the 95th percentile is 1.645 SD, and the 99th percentile
is 2.326 SD over the mean, in boys and girls (Task Force, 2004).

Statistical significance after application of Student’s test (or U of Mann-Whitney) to data
expressed as mean +SD.

For CRF and PA, statistical significance after application of Chi square test. Data expressed

as percentages.
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461  Table 2. Plasma and erythrocyte levels of oxidative stress biomarkers in prepubertal boys and

462  girls before adjustments by age, BMI, fitness and physical activity.

Girls Boys P
PC 2.00+1.05 4.94+2.93 <0.001
LPO 0.21+£0.11  0.22+0.11  0.554
GSH 22.63+£3.52 22.52+3.83 0.572
TG 29.01+£3.88 25.17+4.95 <0.001
GSSG 6.39+2.33  2.65+1.83 <0.001

GSH/GSSG  4.9945.36  14.1+12.65 <0.001

SOD 5.43+4.21 2.28+1.85 <0.001
Nox 15.08+3.01 14.27+5.43  0.082
GPx 0.14+0.14  0.25+0.47 0.316

463

464  Reduced glutathione (GSH); glutathione peroxidase (GPx); lipid peroxidation products

465  (LPO); oxidized glutathione (GSSG); reduced glutathione/ oxidized glutathione ratio

466  (GSH/GSSG); proteins carbonyl (PC); superoxide dismutase (SOD), total glutathione (TG),
467  total nitrites (NOX).

468 Statistical significance after application of Student’s test (or U of Mann-Whitney) to data

469  expressed as mean +SD.
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FIGURE LEGENDS

Figure 1. Levels of oxidized glutathione (GSSG), reduced glutathione (GSH), reduced
glutathione/ oxidized glutathione ratio (GSH/GSSG) and total glutathione (TG) in
erythrocytes, in prepubertal boys and girls.

Data are expressed as mean £SD. *P<0.001: Statistical significance after application of
ANCOVA (analysis of covariance) after adjusting for age, BMI, fitness and physical activity.
Figure 2. Levels of Superoxide Dismutase (SOD) and Glutathione Peroxidase (GPx) activity
in erythrocytes in prepubertal boys and girls.

Data are expressed as mean £SD. *P<(.001: Statistical significance after application of

ANCOVA (analysis of covariance) after adjusting for age, BMI, fitness and physical activity.
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Abstract

Objective: To assess some adipokines and inflammatory biomarkers in prepubertal
healthy children with different levels of cardiorespiratory fitness (CRF) and physical
activity (PA).

Subjects: A total of 132 healthy children (78 boys/54 girls) aged between 7 and 12
years, in Tanner | sexual maturity stage (prepubertal) were recruited from local schools.
Design: Children were divided into two groups (equal or high fitness (HF) group and
low fitness group (LF)) according to their performance in a 20-meter shuttle run test. To
estimate the children’s fitness level and exercise habits, participants were observed
while engaged in an after-school program and were asked to answer a questionnaire on
exercise and sedentary habits. After assessment, children were assigned either to the
regular physical activity group (PAG) or to the sedentary group (SG). Anthropometric
parameters, blood pressure, and the following plasma adipokines were measured: leptin,
resistin, adiponectin, tumor necrosis factor alpha, hepatic growth factor, interleukin 6
(IL-6), IL 8, macrophage chemoattractant type 1 (MCP1), nerve growth factor, and
plasminogen activator inhibitor 1.

Results: After adjustment for BMI, age and sex, the LF group showed higher leptin
levels and lower IL-6 levels as compared to the HF group. In relation to PA, adiponectin
and MCP1 levels were higher in the SG as compared to the PAG. However, after
adjustment for BMI, age and sex, only MCP1 remained significant. When boys and
girls were compared, no differences were found after adjustment for BMI, age, CRF and
PA.

Conclusion: This study provides new information about the association between plasma
levels of some adipokines and the level of fitness and physical activity in healthy

prepubertal children after adjustment for  age, sex or BML
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Introduction
Currently, it is known that adipocytes secrete a diverse group of proteins called
adipokines, which are involved in different biological functions. When proinflammatory
cytokines —such as interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a) and other
proteins as C-reactive protein (CRP) — are elevated in plasma, they may induce
cardiovascular diseases (CVD), type II diabetes or obesity. Moreover, several
adipokines —such as leptin and adiponectin— appear to play a role in glucose and lipid
metabolism and energy homeostasis'. Although elevated leptin and low adiponectin
concentrations seem to be correlated with a range of metabolic syndrome (MS)
components, the role of adipokines in the development of metabolic changes in children
is not yet fully understood. So, the underlying factors of obesity and MS could appear in
these stages of life and even in healthy prepubertal children’.

Physical activity (PA), cardiorespiratory fitness (CRF) and muscular fitness
(MF) are key constructs in exercise science and have been shown to be negatively
associated with death from many causes, including cardiovascular mortality’. CRF
involves a set of health- or skill-related attributes with a strong genetic component that
remains relatively static, needing some time to change, and which is assessed using a
battery of field tests’. The term physical activity is often used interchangeably with
energy expenditure and physical fitness. PA has been defined as any bodily movement
produced by skeletal muscles which results in energy expenditure. CRF and PA may
affect metabolic risk but the relationship is weak and they may act through different
pathways™".

In childhood, PA and CRF have also been negatively associated with traditional
CVD risk factors*® and low-grade inflammation’. One of the mechanisms through

which physical fitness might promote cardiovascular health is by supporting anti-
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inflammatory processes®. Although screening for inflammatory biomarkers in children
is important, screening for another risk factor —low CRF— is much more compelling’.
PA is also an important behavioural co-factor; in fact, people describing themselves as
active have lower levels of inflammatory biomarkers than their sedentary counterparts’.
Indeed, when physical or CRF is thoroughly and objectively assessed by maximal
exercise testing, fitness is found to be inversely associated with inflammation, even
after adjustment for confounds including age, smoking habits, medication, and visceral

fat&lO

. However, the relationship between PA and inflammation biomarkers in young
people has been scarcely studied.

With respect to adipokines, an inverse relationship has been observed between
regular PA and leptin levels, independently of adiposity''. Changes in leptin levels have
also been found to be associated with changes in fitness induced by a training
programme in obese adolescents'?. Similarly, IL-6 also seems to be negatively
associated with PA. Regular exercise seems to have the potential to decrease systemic
proinflammatory cytokines as IL-6 serum levels'®, or during exercise, to decrease TNF-
o or macrophage chemoattractant protein-1 (MCP1)™. On the other hand, low plasma
adiponectin levels have been related to decreased insulin sensitivity and adipocyte
dysfunction but the effects of PA on adiponectin levels in children are still unclear'>™®.

PA and physical fitness could be protective against low-grade inflammation, but
further research is needed on children to clarify the associations between PA, CREF,
adiposity and inflammation and other CVD risk factors™'*. Therefore, the aim of this
study is to assess the plasma concentrations of a set of adipokines and inflammatory
biomarkers in healthy prepubertal children with different CRF and PA levels.

Material / subjects and Methods

Subjects and Design
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A total of 156 healthy children at prepubertal age were selected from local
elementary schools in Spain. Inclusion criteria were: subjects aged 7-12 years, at
prepubertal stage (Tanner I)'® validated by appropriate plasma sex hormone level
assessment. Exclusion criteria were : presence of pubertal development, disease, long
periods of rest after illness, use of any medication altering blood pressure or glucose or
lipid metabolism, consumption of any diet, and failure to get the same record reached in
the first attempt in the 20-mSRT". Finally, 132 children participated in the study: 78
boys and 54 girls. Written informed consent was obtained from parents or legal
guardians and the study was approved by the Institutional Ethics Committee at the
University Reina Sofia Hospital.

Children were asked to perform a 20-meter shuttle run test (20-mSRT) in order
to evaluate their CRF. The validated scale developed by Olds et al. (2006)*° was used to
measure CRF after the 20-mSRT. Test performances are expressed as mean + SD for all
children of similar age and sex from all countries. In the present study, children were
assigned to two groups according to the methodology used in previous studies*' 2. The
children recording a score equal or greater than the average reference value were
assigned to the group designated “equal or higher cardiovascular fitness group” (HF)
(70 subjects); and those with less-than-average scores (62 subjects) were assigned to the
“low cardiovascular fitness” group (LF).

After assessment of exercise habits, children were classified into two groups: the
regular physical activity group (in an after-school program) (PAG) (76 subjects), and
the sedentary group (SG) (56 subjects).

Clinical and Physical Activity Evaluation
Anamnesis and physical examination were assessed by paediatricians to discard any

illness. Sexual maturity was assessed by physical examination according to Tanner five-

6



129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

stage scale'®. Weight and height were measured using standard techniques, beam
balance and a precision stadiometer (Seca) with participants lightly dressed and
barefooted. Body mass index (BMI) was calculated as weight (kg)/ height (m?). Waist
circumference (WC) was measured in duplicate with an inelastic tape according to
standardized methods. These anthropometric measurements were compared with
Spanish reference standards®, and with the age- and sex-specific cutoff points proposed
by Cole et al. (2000)** to define obesity.

Systolic and diastolic blood pressures (BPs) were measured in the right arm in a
sitting position using a random-zero sphygmomanometer (Dinamap V-100) after the
subjects had rested without changing position for at least five minutes.

To estimate PA, children were observed while engaged in an after-school
program. This program involved physical exercise at least three times per week for at
least one year. Additionally, a short test based on the NICHD validated questionnaire®
was used for both groups to obtain information about PA practice and sedentary habits.
Evaluation of Cardiorespiratory Fitness
Standardized Eurofit battery tests® were performed to evaluate fitness. A 20mSRT was
used to assess CRF, and upper and lower body strength was assessed by hand
dynamometry and standing broad jump (SBJ) tests respectively. The 20mSRT test
requires subjects to run back and forth between two lines set 20m apart. Running speed
started at 8.5 km/h and increased by 0.5 km/h each minute, reaching 18.0 km/h at
minute 20. Running speed cues were indicated by signals emitted by a commercially-
available CD—ROM. Subjects were allowed to voluntarily withdraw from the test after
being verbally encouraged to maximally perform during each test. The test finished
when the subject failed to reach the finishing lines concurrent with the audio signals on

two consecutive times.
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In addition, upper body muscular strength was assessed by means of the hand-
grip strength and bent-arm hang tests (Takei TKK-5110, 0.1 kg precision and 5 to 100
kg average) and by doing crunches for 30 seconds. Lower body muscular strength was
assessed by the standing broad-jump test.
Analytical -Procedures
Sampling. Children were assessed at the hospital between 0800h and 0930h after a 12-h
overnight fasting. Blood samples were obtained from all children using an indwelling
venous line to draw a 3-ml sample. After centrifugation, aliquots of plasma were frozen
immediately and stored at -80° until analyzed.
Hematimetry, plasma hormones and metabolic biomarkers. Hematimetry and general
biochemical parameters were also measured to evaluate participants’ health state using
an automatic analyzer (Accelerator APS system. Architect-c16000. Abbott
Laboratories, S.A., Illinois, U.S.A.). Fasting gonadotropins and sex hormones: follicle
stimulating hormone (FSH: CV: 3.6%); lutein hormone (LH: CV: 3.1%); testosterone
(CV: 2%) and estradiol (CV: 1.8%) were measured by chemiluminescence using an
automatic analyzer (Architect 14000, Abbott Laboratories) to validate that the children
selected by clinical signs and Tanner stage were truly prepubertal. A radioimmunoassay
with an automatic analyzer for microparticles (Axsym, Abbott Laboratories, Chicago,
IL, USA) was used to measure insulin.
Plasma inflammatory biomarkers and adipokines. CRP was measured in a particle-
enhanced turbidimetric immunoassay (PETIA) (Dade Behring Inc., IL) to prevent
potential inflammatory complications (i.e. infections) and establish the relationship with
between CRP and adipokine levels.

LINCOplex™ kits of human monoclonal antibodies (Linco Research, MO,

USA) were analyzed on a Luminex ® 200™ System (Luminex Corporation, Austin, TX,
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USA) to determine: adiponectin (CV: 9.2%) (Cat. #HCVD1-67AK), resistin (CV: 6.0%)
(Cat. HADKI1-61K-A), leptin (CV: 7.9%) (Cat.#HADK2-61K-B), plasma hepatic
growth factor (HGF) (CV: 7.7%), IL-6 (CV: 7.8%), interleukin 8 (IL-8) (CV: 7.9%),
MCP1 (CV: 7.9%), nerve growth factor (NGF) (CV: 6%), plasminogen activator
inhibitor-1 (PAIl) (CV: 11.8%), and TNF-a (CV: 7.8%) levels, according to

. . 2
manufacturer’s instructions”’.

Statistical Analysis

Data were expressed as mean = SD. Normal data distribution was assessed by the
Shapiro-Wilk test. Homogeneity of variances was estimated using the Levene test. The
mean values for continuous variables with normal distribution were compared using
Student’s #-test for unpaired samples and Mann-Whitney U test for variables with
asymmetric distribution. Comparative analysis of test results for the two groups was
performed using ANCOVA methods (analysis of covariance) after adjustment for age,
sex, BMI, CRF and PA. Correlations between variables were assessed using a non-
parametric correlation analysis. Rho Spearman’s correlation coefficients were
calculated. A simple logistic regression analysis was realized to evaluate the
associations between CRF and PA with inflammation biomarkers. Statistical
significance was considered when P < 0.05. All statistical analyses were performed
using Statistical Package for Social Science software (PASW Statistic 18. Inc. Chicago,

IL, USA).

Results
Demographic, anthropometric and blood pressure levels in the prepubertal children of

this study —classified by CRF- are displayed in Table 1. We found no differences in age
9
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and blood pressure between these groups. BMI was higher in the LF group, which
components did not have obesity.

Gender-based differences were found as regards age and BMI, which were
greater in boys: age: 10.16+0.97 and BMI: 20.83+3.74 vs girls: age: 8.78+0.90 and
BMI: 19.08+3.68; P<0.01.

Regarding inflammation biomarkers and adipokines in plasma, the LF group
showed greater levels of PAIl (18.97+£10.64 vs 13.9849.63) and leptin
(21691.29+17675.84 vs 9012.28+8194.91) as compared to the HF group, with no
differences in the remaining parameters. After adjustment for BMI, age and sex, leptin
levels remained higher in the LF as compared to the HF group, and IL-6 levels were
lower in the LF group (Table 2). Differences in IL-8 levels were near significance as
they were higher in the LF and SG groups, as compared to the HF and PPA groups,
respectively.

When children were studied according to their PA, it was observed that plasma
adiponectin (21.01£10.4 vs 17.93£8.62) and MCP1 (183.23+£100.72 vs 144.82+74.58)
levels were higher in the SG as compared to the PAG. However, after adjustment for
BMI, age and sex only the difference in MCP1 levels remained significant (Table 2).

When boys and girls were compared, we found greater levels of adiponectin
(21.71£10.97 vs 17.66+8.13) and lower levels of TNFa (6.29+£1.84 vs 7.62+3.17) in
girls. However, such differences between girls and boys disappeared after adjustment
for BMI, age, CF and PA (Table 3).

Table 4 shows relevant correlations between inflammation biomarkers and other
metabolic parameters. There were strong positive correlations between leptin levels and

TA, insulin, CRP, IL-6 and PAI1 levels. IL-6 was also correlated with CRP and weakly
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correlated with TNF-o. PAI1 was found to be associated with TA, insulin, CRP and
HGF levels.

After a simple logistic regression analysis, the increment in 1 unit of PAI1, down
to 5.2% (P: 0.010), the probability to have a good fitness. The increase of 1 ng/L of

MCP1 is associated with a decrease in exercise practice (1%, P: 0.019).

Discussion

The results of the present study indicate that CRF and PA may influence plasma
adipokine levels regardless of BMI, age and sex. Higher levels of leptin and lower
levels of IL-6 were observed in children with low CRF as compared to children in good
physical condition. The sedentary group also showed higher levels of MCP1 as
compared to the group of physically active children.

At present, the potential anti-inflammatory role of CRF and PA in children is not
yet clear. However, the role of risk factors during childhood on the development of
CVDs later in adulthood should be further analyzed. According to the results of
Martinez-Gémez (2010)*, they seem to indicate that PA may have an indirect role
through CRF and body fat, which are health determinants. Preliminary evidence
suggests that achieving a healthy weight during adolescence might be the most effective
strategy to prevent chronic low-grade inflammation and future CVDs and metabolic
diseases. Whereas genetic and early programming features have been associated with
low-grade inflammation in young people®’, an active lifestyle and a desirable CRF may
attenuate its effects”.

Adiponectin levels are negatively correlated with CVDs; therefore, this hormone
should be expected to be positively correlated with CRF. After programs of exercise

training with no loss of body mass, plasma adiponectin concentration did not change
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while insulin action improved, suggesting that its action depends on changes in fat
mass'>~*>!, Thus, highly trained adults present similar resting plasma adiponectin levels
after a prolonged training. Nevertheless, in trained subjects, adiponectin increase during
and after a high exercise while subjects with a low CRF show an increase in training
stress but accompanied by a decrease in postexercise adiponectin plasma values'®.

In healthy children, two previous studies found either no significant association®>
or an inverse association between CRF and adiponectin®, although it is important to
note that body fat was not controlled by statistical analysis in these studies™. In the
present study, no differences were observed in adiponectin levels between groups with
good and poor CRF, and between SG and PAG after adjustment for BMI.

Respect to PA, in cross-sectional studies performed in children and adolescents
found no significant associations between adiponectin levels and self-reported PA,

: I 11,34
using subjective measurement tools -

. However, using an accelerometer to evaluate
PA, an inverse association has been found between PA and adiponectin and leptin levels
in school-children after assessment of body fat*>~. Consequently, it has been suggested
that adiponectin secretion is inhibited in adolescents with appropriate insulin sensitivity,
potentially due to PA and fitness*®. So, a limitation to this work could be that we did not
objectively measure PA using an accelerometer, and PA intensity could also affect the
results.

As regards the relationship between gender and adiponectin levels in young
people, previous studies have failed to demonstrate sex differences®’, but a study with a
large population-based sample (most of whom were prepubertal) showed that girls
presented greater mean adiponectin concentrations than boys of any age. Moreover,

high levels of self-reported intense PA have been positively associated with adiponectin

levels in adolescent girls regardless of their weight status®. The prepubertal girls of the
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present study presented higher adiponectin levels than boys, but when data were
adjusted for BMI, age, fitnesss and PA, these differences disappeared. It has been
reported that the effects of age on adiponectin levels in girls could be explained by their
BMI and total fat mass>’. Hence, sex differences could be associated with fat mass even
in the prepubertal stage, so further research studies adjusted for confounding factors —
sex and pubertal status— should be performed.

Leptin has been reported to be independently and inversely related to PA and
CRF. Nonetheless, inconsistent results have been obtained by previous studies in young
people examining PA and leptin®® with decreases after a prolonged intense exercise
session'. Moreover, there is scarce literature regarding the association between CRF
and leptin. CRF and PA might stimulate insulin sensitivity and induce a decrease in
insulin release, which in turn might reduce leptin levels. Consequently, PA could
decrease IL-6 and TNF-a levels and, ultimately, the production of CRP by reducing
obesity and leptin levels and increasing adiponectin and insulin sensitivity*. On the
other hand, leptin expression may also be reduced by catecholamines and other
adipokines stimulated by PA*. In the present study and after statistical adjustment, the
group with LF still presented higher leptin and IL-6 levels as compared to the HF group
(Table 2).

IL-6 is structurally related to leptin and both are adipokines which are produced
by the adipose tissue. Although adipocyte-derived IL-6 does not seemingly play a major
role in inflammatory responses, it is probably involved in the regulation of energy
expenditure and it might function as an anti-obesity cytokine®. However, increased
sympathetic activity during PA could be responsible for the synthesis of IL-6 not only
in adipose tissue, but also in muscles’’. Although most literature suggests that

proinflammatory cytokines such as IL-6 promote catabolism, at lower levels (as those
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observed in the present study), they might promote muscle and blood vessel growth and
act as a beneficial response to exercise’®. In fact, increased IL-6 levels have been
reported after exercise in healthy young people with different levels of fitness®’.

Little is known about the biological effects of proinflammatory cytokines on
healthy subjects, probably due to the fact that IL-6 and TNF-a are only present at very
low concentrations. However, inverse correlations have been found between circulating
TNF-a and IL-6 levels®. It has been suggested that TNF-o and BMI are covariates in
the etiology of insulin resistance in young people™®. As muscle activation increases IL-6
levels*, then physically fit children with low adiposity should have greater levels of IL-
6 and normal levels of TNF-a*®. In fact, in the present work, we found strong positive
associations between leptin, insulin and IL-6 levels, and CRP, and weaker significant
correlations between these adipokines and TNF-a levels (Table 4). A meta-analysis of
cytokine responses to laboratory stressors has suggested that while IL-6 is responsive to
acute psychological stressors, TNF-a is not*. In our study, we found that IL-6 levels —
but not TNF-a levels— are also correlated with CRP, which is consistent with the fact
that IL-6 is a major inducer of CRP production (Table 4).

Despite pro-inflammatory cytokines such as IL-6 or TNF-o may increase in
response to each individual exercise bout, exercise's long-term anti-inflammatory
effects. These acute processes may be accompanied by simultaneous elevations of anti-
inflammatory cytokines by the translocation/migration of leukocytes in response to
chemokines as MCP1"™. In the sedentary group, MCPl remained higher after
adjustments as compared to the PA group. Moreover, Treseid et al. (2004)*° showed
that an exercise program for healthy adults reduced plasma MCP1 levels and other

study in children reported a reduction in MCP1, TNF-a and IL-8 plasma levels during
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and 30 min after of exercise cessation'®. These data are consistent with the results of this
study, which shows that exercise reduces MCP1 levels regardless of BMI, age or sex.

An increase in fibrinolytic activity has been also associated with physical
exercise, resulting in a decrease in PAI1”'. Fibrinolytic activity appears to be influenced
by exercise intensity in healthy adolescents and returns to normal levels after 24 h*.
However, to our knowledge, no studies have assessed fibrinolytic activity after a
training program, and the number of studies associating this biomarker with fitness is
scarce as well. Gallistl et al. (2000)*® showed that after adjustment for age and fat mass,
fibrinolytic activity was significantly correlated with PAIl levels in children, and
independent of CRF. Our results are partially consistent with those, showing that PAIIl
levels were higher in the poor fitness group but once adjustments were made, this
difference disappeared when groups were compared by CRF and PA (Table 2). In fact,
PAI1 was positively associated with other adipokines as leptin, IL-8 and HGF, and with
other cardiovascular risk parameters as TA, insulin or CRP (Table 4).

Similarly, we did not found any changes in resistin levels associated with fitness
or PA in healthy prepubertal children. In addition, low correlations were found between
resistin levels and insulin, TG and CRP levels, and no correlation was found with other
inflammatory biomarkers (results not shown). Resistin has been reported to be one of
the links between obesity and insulin resistance®®. Although the role of resistin in
energy homeostasis is not completely defined, interest in this hormone remains high. To
better understand how resistin levels are regulated, further studies should be conducted
to measure the concentrations of this hormone in overweight people and understand
how lifestyle choices —such as regular acrobic exercise— affect resistin concentrations™.
There are inconclusive results as to whether long-term exercise training increases or not

resistin concentrations, suggesting that training does not consistently induce favourable
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changes in resistin concentrations . The results of the present study suggest that resistin
might be intimately associated with body fat and metabolic syndrome, and that it is
probably not altered in normal weight individuals. Adolescents have been described to
present a decrease in resistin concentrations during fasting associated with a decrease in
percent body fat, which has been interpreted as a positive response to long-term

exercise™.

Conclusion: This study provides new information about the influence of level of fitness
and physical activity in plasma adipokines in healthy prepubertal children, regardless of
BMI, age and sex. Sedentary and low fitness groups show some changes in
inflammatory cytokines comparing to the group of physically active children that may

be further studied in childhood to establish a cardiovascular risk.

There is no conflict of interest.
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Table 1. Demographic, anthropometric, blood pressure values and practice of physical

activity in prepubertal children with different levels of fitness

Variables HF Group LF Group p*
N: 70 N: 60

Age (years) 9.62+1.06 9.60+1.23 0.846

Sex (boys/girls) 29/31 50/20 0.012

BMI (kg/m?) 18.6942.89  21.55£3.99  <0.001
PA 72% 42% 0.007
SBP (mmHg)  120.00+10.36 123.25£16.09  0.409

DBP (mmHg)  66.94£9.14  67.32+10.53  0.820

LF: Low Fitness Group. HF: Equal or Higher Fitness Group.

BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.
*Statistical significance after application of Student’s T-test (or U of Mann-Whitney) to
data expressed as mean + SD (or median * intercuartile range), and chi-square for

comparison of proportions.
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Tabla 2. Concentration of plasma adipokines in prepubertal children classified by

different levels of fitness and physical activity.

LF Group HF Group P SG PPA P
Variables N: 70 N: 60 CI95% N: 59 N: 78 CI95%
Adiponectin  18.66+1.34 19.36+1.23 0.720  19.95+1.32 18.42+1.11 0.389
PAIl 17.00+1.29 1578+1.19 0.516 15.28+1.27 17.30+1.08 0.235
Resistin 11.90+0.85 13.66+0.78 0.156 11.68+0.83 13.67+0.70 0.073
HGF 1728.36+106.56 1989.01+98.40 0.095 1800.84+104.51 1912.52+88.98 0.426
1L8 3.14+0.40 4.14+0.37 0.087 3.11+0.39 4.02+0.33 0.083
Leptin 18373.10+1517.72 12044.00+1413.49  0.005 15522.13+1296.23 13822.05+1110.98 0.330
MCP1 154.24+11.94 161.73+£11.02 0.667 178.10+11.54 145.72+9.83 0.038
NGF 12.20+0.84 10.24+0.081 0.121  11.00+0.87 11.224+0.73 0.848
TNF-a 7.08+0.38 7.12+£0.35 0.937 6.70+0.37 7.30+0.31 0.226
1L6 0.95+0.22 1.67+£0.21 0.029 1.07+0.22 1.53+0.19 0.124

LF: Low Fitness Group; HF: Equal or Higher Fitness Group; SG: Sedentary Group;
PPA: Practise Physical Activity Group.

HGF: Hepatocyte Growth Gactor; IL-6: Interleukin-6; IL-8: Interleukin-8; MCP-1:
Macrophage Chemoattractant Factor; NGF: Nerve Growth Factor; PAI 1: Plasminogen
Activator Inhibitor-1; TNF-a: Tumor Necrosis Factor Alpha.

*Statistical significance between groups of fitness (HF vs LF) and between groups of
physical activity (PPA vs SG), after application of ANCOVA (analysis of covariance)
after adjusting for age, BMI, fitness and physical activity. Data are expressed as mean

+SEM.
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560 Tabla 3. Plasma adipokine level in healthy prepubertal girls vs boys.

561

Variables  Girls Boys P
N: 54 N: 78 CI195%

Adiponectin 21.31£1.59 17.63+1.21 0.100
PAIl 16.46+1.50 15.90£1.16 0.790
Resistin 14.27+1.00 11.82+0.77 0.084
HGF 1993.70+125.56  1764.26+97.14 0.136
IL8 3.36+0.47 3.81+£0.36 0.496
Leptin 14241.51£1522.78 14421.20+1186.61 0.934
MCP1 145.95+13.90 167.57+£10.76 0.271
NGF 11.76£1.11 10.86+0.74 0.549
TNF-a 6.43+0.44 7.45+0.34 0.106
IL6 1.77+0.27 1.05+0.21 0.058

562

563 HGF: Hepatocyte Growth Gactor; IL-6: Interleukin-6; IL-8: Interleukin-8; MCP-1:
564  Macrophage Chemoattractant Factor; NGF: Nerve Growth Factor; PAI 1: Plasminogen
565  Activator Inhibitor-1; TNF-a: Tumor Necrosis Factor Alpha.

566  Statistical significance between groups of girls vs boys after application of ANCOVA
567 (analysis of covariance) after adjusting for age, BMI, fitness and physical activity. Data
568 are expressed as mean =SEM.

569

570
571
572
573
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574  Tabla 4. Correlations between plasma adipokines in healthy prepubertal children in

575 relation with fitness and physical activity.

576

Variables R P

PAI 1// Leptin 0.527 <0.001
PAI 1 // HGF 0.437 <0.001
PAI1//1IL 8 0.408 <0.001
PAI 1// SBP 0.303 <0.001
PAI 1 // Insulin 0.503 <0.001
PAI 1 //PCR 0.246  0.005
IL 6 // PCR 0.390 <0.001
IL 6 // TNF- a 0.181 0.035
IL 6 // Leptin 0.293  0.001
TNF-a//IL 8 0.427 <0.001
TNF- a // Resistin  0.188  0.028
TNF-a// PAI 1 0.327 <0.001
TNF-a//Leptin  0.261  0.002
TNF- a // HGF 0.416 <0.001
Leptin / SBP 0.463 <0.001
Leptin // Insulin ~ 0.570 <0.001
Leptin // PCR 0.364 <0.001

577

578  BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.
579  HGF: Hepatocyte Growth Gactor; IL-6: Interleukin-6; IL-8: Interleukin-8; MCP-1:
580  Macrophage Chemoattractant Factor; PAI 1: Plasminogen Activator Inhibitor-1; PCR:
581  Protein C-Reactive; TNF-a: Tumor Necrosis Factor Alpha.

582  r: Rho Spearman’s correlation coefficient. P: probability.

583
584
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Resumen

Antecedentes: Los niveles adecuados de vitamina D y
calcio en la infancia determinan el desarrollo adecuado
de la masa ésea. En la actualidad se ha detectado déficit
de vitamina D en determinadas poblaciones infantojuve-
niles, como en lactantes y adolescentes pero existe infor-
macion insuficiente respecto al estado de la vitamina D en
niios de otras edades.

Objetivo: Determinar los niveles séricos de vitamina D
en nifias prepuberales sanas de una ciudad del sur de
Europa y estudiar el efecto de la exposicion solar, la acti-
vidad fisica y la ingesta.

Métodos: Se estudiaron 56 nifias caucasianas, sanas y
prepiberes entre 7-10 afios. Se recogieron datos sobre
ingesta nutricional y actividad fisica. Las muestras de
sangre se obtuvieron en diciembre.

Resultados: La ingesta de vitamina D fue significativa-
mente menor a las recomendaciones internacionales. Los
niveles medios de calcidiol fueron de 40,07 + 10,49 ng/ ml.
Ninguna nifia present6 un nivel inferior a 20 ng/ml; un
259% (14 nifas) tenian unos niveles entre 20-30 ng/ml, y un
75 % superiores a 30 ng/ml. No hemos encontrado dife-
rencias en los niveles de vitamina D entre las nifias que
realizaban actividad fisica, y las sedentarias.

Conclusion: Los niveles de vitamina D en nifias prepu-
beres que viven al sur de Espaiia al inicio del invierno son
adecuados. No obstante, se debe asegurar una ingesta
adecuada de vitamina D, asi como una exposicion solar
suficiente y realizar seguimiento en estas edades para evi-
tar deficiencias.
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EVALUATION OF SOLAR EXPOSURE, INTAKE
AND PHYSICAL ACTIVITY INRELATION WITH
VITAMIN D SERUM STATUS IN SPANISH
PREPUBERTAL GIRLS

Abstract

Background: Vitamin D and calcium play an impor-
tant role in peak bone mass acquisition. Recent studies
have suggested that vitamin D deficiency in children is
widespread, mainly during infancy and adolescent years.
However, the vitamin D status at others ages is unsuffi-
ciently investigated.

Objectives: To determine the vitamin D status in pre-
pubertal, healthy South European girls, and to examine
the relationship between serum vitamin D concentra-
tions, sun exposure, physical activity and dietary intake.

Methods: A cross-sectional observational study was
conducted on 56 Caucasian; healthy and pre-pubertal
girls aged 7-10 years. Dietary information, amount of
sunlight exposure and activity were estimated. Blood
samples were extracted in the first week of December.

Results: Vitamin D intake was below the international
recommended references. Mean serum vitamin D was
40.07 + 10.49 ng/ml. No girl presented a level lower than
20 ng/ml; 25% had levels between 20-30 ng/ml and 75 %
above 30 ng/ml. We have not found differences in vitamin
D levels from the girls who did sport and those who were
sedentary.

Conclusions: Vitamin D status is suitable for pre-
pubertal girls living in the South of Spain at the beginning
of winter. However, it is necessary to follow-up girls and
check and adequate vitamin D intake, as well as sufficient
sun exposure.

(Nutr Hosp. 2012;27:1993-1998)
DOI1:10.3305/nh.2012.27.6.6065

Key words: Vitamin D. Prepubertal. Physical activity.
Nutrition.
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Introduccion

Los niveles adecuados de vitamina D y calcio en la
infancia determinan el desarrollo adecuado de la masa
6sea y la prevencion de enfermedades como la osteo-
porosis en etapas adultas. Estos niveles, entre otros fac-
tores, pueden estar condicionados por la ingesta del
calcio y la vitamina D' pero también por la influencia
de factores como la genética o la edad de la menarquia
en las mujeres?. Por otra parte, los habitos sociales y
culturales actuales favorecen la vida sedentaria limi-
tando la exposicion al sol de los nifios y la practica de
actividad fisica, pudiendo condicionar deficiencia de
vitamina D y afectar la formacién de la masa 6sea’. De
hecho, durante los periodos de crecimiento, este déficit
puede tener una influencia negativa en el desarrollo
dseo, causando no sélo raquitismo, que es el resultado
final de la deficiencia severa de vitamina D, sino en la
talla establecida genéticamente y en la masa dsea final*.

Las mujeres son la poblacién més afectada por enfer-
medad dsea, favorecida ademas, por los cambios hor-
monales propios de la menopausia’. Hasta el 90% de la
masa 6sea maxima se adquiere antes de los 18 afios en las
nifias, por lo que se considera la infancia un momento
critico para promover conductas que mejoren la salud
dsea'®.

En la actualidad se ha detectado deficiencia o insufi-
ciencia en los niveles de vitamina D en determinadas
poblaciones infantojuveniles como resultado de multi-
ples factores™. Ello ha condicionado nuevas investiga-
ciones en relacion con la accién de esta vitamina sobre la
mineralizacion 0sea. Ademas, el déficit de este nutri-
ente, se ha relacionado también con diversas patologias,
como diabetes, esclerosis multiple y cancer'*'.

Los estilos actuales de vida sedentarios junto a las
recomendaciones de proteccion solar para reducir la
incidencia de cancer de piel, pueden condicionar unos
niveles de vitamina D inadecuados. Igualmente, en la
mayoria de las encuestas alimentarias realizadas en
Espaiia y otros paises, la ingesta de vitamina D en la
infancia es menor a las recomendaciones interna-
cionales establecidas!>".

Actualmente no hay consenso sobre cudles deben ser
las recomendaciones diarias en la ingesta, o si debe
hacerse profilaxis con vitamina D, sobre todo en paises
en los que hay mayor exposicién a la radiacién solar.
La mayoria de los trabajos sobre la evaluacion del
estado de la vitamina D en la infancia incluyen las dos
etapas donde mds aumentan las necesidades; la etapa
de lactancia'*y la de la adolescencia'®. No obstante, atin
existe informacion insuficiente respecto al estado de la
vitamina D en nifios de otras edades, y la influencia de
determinados factores sobre sus niveles y funciones.
Por ello, el objetivo de este trabajo es determinar los
niveles séricos de vitamina D en nifias prepuberales
sanas de una ciudad del sur de Europa (latitud 30°N), y
estudiar el efecto de factores influyentes como la expo-
sicidn solar, la actividad fisica, o la ingesta. Los resul-
tados de este trabajo pueden aportar informacién para

conocer las circunstancias que afectan el metabolismo
de la vitamina D en nifias en edad temprana y la utilidad
de disefiar proyectos dirigidos a la prevencién de defi-
ciencia de vitamina D antes de la etapa puberal y edad
adulta.

Material y métodos
Sujetos

Se estudiaron 56 nifias caucasianas prepuberes con
edades comprendidas entre 7-10 afios. Se eligio al azar
un colegio de Cérdoba, al sur de Espaiia (latitud: 37.8°
N), seleccionando a las 16 primeras nifias por orden de
lista de varias clases de educacion primaria. En el caso
de que algin padre denegara el consentimiento para
formar parte del estudio o la nifia no cumpliera los cri-
terios de inclusion, se le ofrecid a la siguiente de la
lista. Se incorporaron al estudio tras la aceptacion del
menor y la obtencion del consentimiento informado del
responsable legal. El estudio de investigacién se llevé a
cabo en la Unidad de Metabolismo e Investigacién
Pediatrica del Servicio de Pediatria del Hospital Uni-
versitario Reina Soffa de Cérdoba, y fue aprobado por
el Comité Local de Bioética e Investigacion Clinica.

Los criterios de inclusion fueron: nifias sanas de 7-
10 afios con medidas antropométricas y de tension arte-
rial en el p50 + 1DS, y en estadio puberal de Tanner I'°.
Se excluyeron las nifias que estuvieran en otro rango de
edad al establecido, en percentiles de medidas antropo-
métricas < P10 o > P90, con patologia crénica o con
signos clinicos o analiticos de desarrollo puberal.

Valoracion antropométrica, hemodindmica,
nutricional y de actividad fisica

Se realiz6 una historia clinica con una exploracién
fisica completa, valorando los antecedentes personales y
familiares, asi como la existencia de patologia previa o
tratamientos farmacoldgicos. Se determinaron parame-
tros antropométricos como la talla, el peso y el perimetro
de la cintura; posteriormente se calcul6 el indice de masa
corporal (IMC): peso (kg)/ talla?(m). Para la medida del
peso y talla se utiliz6 una bascula y tallimetro SECA
(SECA, Hamburg, Germany). El perimetro de cintura se
midié con una cinta métrica siguiendo un método estan-
darizado. Se realiz6 una exploracion fisica exhaustiva
para valorar la etapa de desarrollo puberal segin Tanner'.

La valoracion nutricional se realizé mediante una
encuesta de frecuencia de alimentos, analizando el
aporte nutricional estimado por dia para energia,
macronutrientes, calcio, fésforo, magnesio y vitamina
D, segtn la tabla de composicién de alimentos espa-
nola"” y el sistema equivalente de alimentos'®. La
ingesta media fue comparada con las de referencia
internacionales (Dietary Reference Intakes: DRIs) para
nifias de 7 a 10 afios".
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La actividad fisica practicada fuera del horario esco-
lar se evalué mediante cuestionarios disefiados de
acuerdo con la “Lista de Actividad Ayer”, validado
para la poblacién espafiola®. Se registraron datos de
horario y duracién, vestimenta utilizada, y lugar (inte-
rior o exterior) en el que se realizaba la actividad. Las
encuestas fueron realizadas a las propias nifias.

Toma de muestras y andlisis en sangre

Las extracciones se realizaron en situacion de reposo
tras 12 h de ayuno, durante la primera semana de diciem-
bre. Se realiz6 una hematimetria y un anélisis bioqui-
mico general. En el estudio hormonal basico se midie-
ron: FSH (Hormona foliculo estimulante) (mU/L), LH
(Hormona luteinizante) (mU/L), estradiol (mU/L) y tes-
tosterona (mU/L). Ademds se midi6 calcio y calcio
corregido con protefnas (mg/ dl), calcidiol (ng/ml) y cal-
citriol (pg/ml). Los niveles plasmaticos de vitamina D se
evaluaron mediante radioinmunoanélisis (RIA) con el
analizador contador gamma PACKARD Cobre II E
5005. Con este método se cuantifican los dos derivados
(D2 y D3) de la vitamina D. Para evaluar los niveles de
calcidiol se utilizaron los puntos de corte basados en
varios estudios*** que describen los valores adecuados
como aquellos superiores a 30 ng/ ml (> 75 nmol/L);
insuficientes entre 20-30 ng/ml (50-75 nmol/L), y defi-
cientes por debajo de 20 ng/ ml (< 50 nmol/L).

Andlisis estadistico

El andlisis estadistico se realizé con el programa
SPSS version 18.0 de software. Se realiz6 un andlisis
descriptivo para variables cuantitativas mediante el
célculo de media (m) y desviacién tipica o standard
(DS); y para las variables cualitativas mediante el cal-
culo de proporciones (%). La determinacién de la bon-
dad de ajuste a una distribucién normal (datos norma-
les) se hizo mediante la prueba de Shapiro-Wilk. Si las
muestras segufan una distribucién normal y las varian-
zas eran homogéneas se aplicaron test paramétricos, en
caso contrario se utilizaron test no paramétricos. La
comparacién de los valores medios de las variables
cuantitativas entre dos grupos (deporte si/no), se rea-
lizé mediante pruebas t de Student para grupos inde-
pendientes (prueba paramétrica); o pruebas U de
Mann-Whitney (prueba no paramétrica).

Resultados

Todas las nifias del estudio presentaron una talla,
peso e IMC asi como valores de tension arterial, en per-
centiles adecuados para su sexo y edad (tablaI).

Respecto a la valoracién de nutrientes, se observé
que la media de ingesta de calorias/dia fue menor a la
establecida en las DRIs" aunque la ingesta de macro-

Tabla I
Caracteristicas demogrdficas y antropométricas
del grupo de 56 nifias prepiiberes

Variable Media DE
Edad (afios) 8.8 0,9
Peso (kg) 36,8 9,2
Talla (cm) 138,6 6,2
IMC (kg/m?) 19 3,7
PC (mm) 63,8 8,6
TAS (mmHg) 115,3 13,2
TAD (mmHg) 63,8 10

IMC: Indice de masa corporal; PC: Perimetro de cintura; TAS: Ten-
sion arterial sistolica; TAD: Tension arterial diastdlica. Los datos se
expresan como media + DE.

Tabla I1
Valores medios de ingesta alimentaria vs DRI en nifias
prepiiberes de 7 a 10 arios de edad

Media ingesta/dia DRIs P
Energfa (kcal) 1.749,43 £572,15 2.000 <0,002
Proteinas (g) 107,78 £44,33 34 <0,001
Grasas (g) 55,29+17,11 35 ns
Carbohidratos (g) 243,74 £92,97 100 <0,001
Calcio (mg) 1.211,69 £ 346,82 1.300 0,062
Féstoro (mg) 1.922,43 +651,15 1.250 ns
Vitamina D (UI) 161,39 + 64,70 200 <0,001

DRIs: Dietary Reference Intakes'. Los datos se expresan como
media = DE. Significacién: P < 0,05; ns: no significativo.

Tabla III
Niveles séricos de calcio y vitamina D vs valores
de referencia del laboratorio en 56 nifias prepiiberes
de 7 a 10 aiios de edad, y niveles de calcidiol por grupos
de prdctica de actividad fisica

Variable Media Valor referencia
Calcio (mg/ dl) (N =56) 10,2+0,3 8,4+10,2
Calcio corregido (mg/dl) (N =56) 10£0,3 8,5+10,5
Calcitriol (pg/ml) (N =56) 70,89 + 14,34 18-71
Calcidiol (ng/ml) (N =56) 40,07 £ 10,49 20-100

Prictica deporte (N =29)
No préctica deporte (N =26)

41,48 10,11
378114

Los datos se expresan como media + DE. P = 0,098 al comparar los niveles séri-
cos de calcidiol entre nifias con practica deportiva o sin practica de deporte.

nutrientes fue mucho mayor (tabla II). En relacién con
la ingesta diaria de calcio no hubo diferencias signifi-
cativas respecto a las recomendaciones pero la ingesta
de vitamina D fue inferior.

En la tabla III se muestran los niveles medios de cal-
cio sérico, calcio corregido con las proteinas totales y
los de calcidiol y calcitriol, que se encontraron dentro
del rango establecido como normal por el laboratorio.

Vitamina D en nifias preptberes
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Fig. 1.—Porcentaje de nifias con diferentes niveles séricos de
vitamina D.

En relacién a los puntos de corte establecidos en la lite-
ratura para los niveles de vitamina D7!5?'?* ninguna
nifia presentd un nivel menor de 20 ng/ml (50 nmol/L),
un 25% tenian unos niveles entre 20-30 ng/ml que se
consideran como insuficientes y el 75 % restante supe-
riores a 30 ng/ml que son niveles 6ptimos (fig. 1). Si se
hubiera considerado el rango referido para adultos en
32 ng/ml** como insuficiente un 28 % estaria dentro de
estos limites.

La practica de actividad fisica fuera del horario esco-
lar se evalud en 55 nifias, de las cuales el 52,7% (n =
29) si realizaba deporte fuera del horario escolar, y el
47,3% (n = 26) tan sélo realizaba las 2 horas de deporte
escolar obligatorio. La actividad deportiva extraescolar
fue generalmente baloncesto, al aire libre durante 3
horas semanales, en horario de tarde. La actividad
fisica escolar obligatoria fue de 2 horas a la semana en
horario de mafiana. Ambas se realizaban, si no llovia,
al aire libre, utilizando normalmente una camiseta de
manga corta y un pantalén corto. Entre ambos grupos,
no existieron diferencias significativas de niveles de la
vitamina D séricos (tabla III).

Discusion

Los resultados de este estudio indican que las nifias
espafiolas prepuberes que viven en el sur no presentan
deficiencia de vitamina D al inicio del invierno aunque
la ingesta de este micronutriente fuera menor a la
recomendada, sin encontrar tampoco diferencias en
relacion con la préctica deportiva.

En los ultimos afios se ha detectado un aumento en la
prevalencia del déficit de vitamina D durante dife-
rentes etapas de la infancia y adolescencia, surgiendo
nuevos estudios que intentan clarificar la necesidad de
uso de suplementos como profilaxis o tratamiento®.
Durante los primeros afios de vida es fundamental
mantener unos niveles adecuados de vitamina D para
conseguir un pico de masa dsea correcto, existiendo
dos periodos criticos para la obtencién de este pico,
durante los tres primeros afios de vida, y en la pubertad.
Por eso, la mayoria de los articulos pedidtricos se cen-

tran en estudiar el metabolismo éseo y de la vitamina
D, y los factores que los condicionan en ambas eta-
pas'*?¥. No obstante, es plausible pensar que las defi-
ciencias que se detectan en la adolescencia procedan de
etapas previas. Por ello, en este trabajo se ha abordado
la etapa prepuberal, previa al inicio de un crecimiento
acelerado, en la que atin existen escasos datos sobre el
estado sérico de la vitamina D en nifias sanas.

Los niveles de vitamina D estdn influidos por
numerosos factores entre los que destacan la ingesta,
edad, sexo, tipo de piel, exposicidn solar, vestimenta,
actividad fisica, y principalmente, la latitud y la estacién
del afio®. En algunos estudios realizados se plantea una
interpretacion dificil al coexistir estos elementos de con-
fusion u otros como la obesidad, la suplementacion far-
macoldgica, o la practica de actividad fisica al aire libre
o en ambientes cerrados?. Para tratar de limitar la inter-
accion de estos factores, en este trabajo se ha estudiado
una muestra homogénea seleccionando sélo nifias y en
estado prepuber. Ademds, el sexo femenino tiene niveles
mas bajos de vitamina D*y estos valores, sobre todo en
las deficiencias, condicionan la edad de la menarquia®,
siendo el sexo mds afectado por la osteoporosis del
adulto’. Por otra parte, todas ellas eran sanas con IMC
normal, excluyendo a aquéllas con fallo de medro,
desnutricién u obesidad, ya que en la mayoria de los
estudios se ha establecido una relacion inversa entre la
adiposidad y los niveles de vitamina D*. Para que el
efecto estacional estuviera controlado, todas las mues-
tras se extrajeron durante la misma semana.

La comparacién de los resultados entre los articulos
se dificulta ademads por las diferencias metodolégicas
en las técnicas de medicién de la vitamina D y en la
falta de consenso para definir el punto de corte entre
deficiencia y normalidad vitaminica en relacién con la
edad y el sexo”'>?'*, Las diferentes pruebas de labora-
torio difieren por su grado de precisién, siendo impor-
tante que se cuantifiquen los dos metabolitos de la vita-
mina D (D2 y D3), ya que se puede llegar a un
diagnéstico incorrecto de deficiencia al despreciar los
niveles de vitamina D2%. Aunque la espectroscopia en
tdndem de masas es considerada la prueba oro para la
medicién de vitamina D, los resultados obtenidos por
RIA son satisfactoriamente comparables. Para la evalu-
acion de los niveles séricos de vitamina D, se recomienda
medir los niveles de 25-(OH)D 6 calcidiol, metabolito
que presenta una vida media de 30 dias y que posterior-
mente se convierte a la forma activa 1,25 dihidroxi-cole-
calciferol, habiéndose demostrado ademas su correlacion
con el grado de mineralizacion 6sea’.

Por otra parte, existen diferencias para establecer el
rango de normalidad sérico de la vitamina D. En nifios se
siguen considerando como suficientes unos niveles por
encima de 20 ng/ml*. No obstante, en los ltimos afios
también se ha destacado en los adultos que cuando exis-
ten valores de vitamina D por debajo de 32 ng/ml, se
altera la absorcion del calcio y la densidad mineral 6sea
baja por lo que se estd considerando este valor como
punto limite de la normalidad incluso en la infancia®-2.
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Considerando lo anteriormente expuesto, y tomando
como rango de referencia el del laboratorio utilizado,
no se ha detectado deficiencia de vitamina D3 en esta
muestra de nifias prepuberes, aunque un 25% de ellas
podrian presentar unos niveles insuficientes de vita-
mina D. No obstante estos resultados varian respecto a
los de otros trabajos publicados en poblaciones simila-
res. En un estudio realizado en Madrid (Espafia)
durante 1 afio encontraron que un 51% de los nifios pre-
sentaron niveles por debajo de 20 ng/ml en relacién a
un bajo consumo de vitamina D*. En el trabajo de
Mansbach y cols.’, realizado durante 5 afios en USA
observaron que en nifias entre los 6-11 afos, hasta un
75% tenian niveles de vitamina D menores a 30 ng/ml.
Otro estudio realizado en Reino Unido* con 7.500
nifios con una edad media de 9,9 afios, un 29% presen-
taban niveles de vitamina D3 menores a 20 ng/ml. Las
diferencias en los niveles de vitamina D en todos estos
estudios, pueden explicarse en relacion a las razones
expuestas anteriormente: poblaciones con rangos de
edad, grupos étnicos, habitos culturales, de ingesta, o
de actividad fisica diferentes, o toma de muestras y
evaluaciones durante distintas estaciones del afio, y con
diferencias en la exposicion solar. Por ello, probable-
mente no se pueden establecer recomendaciones gene-
rales para la deteccion de deficiencias o para el uso de
suplementos, sino que deberd hacerse una evaluacién
individual buscando aquéllos grupos de riesgo.

Al medir los niveles en sangre de calcidiol se evalia
no sélo la cantidad de vitamina D procedente de la dieta
sino también la de la sintesis cutdnea®'. Esta ultima
podria condicionar que existieran unos niveles séricos
de vitamina D adecuados, a pesar de que la ingesta de
esta vitamina fuera inferior a la recomendada. La sinte-
sis cutdnea depende de multiples factores: exposicion
al sol, ubicacién geografica y época del afio. La longi-
tud de onda de los rayos ultravioletas B no esta presente
en la luz solar durante los meses de invierno. En multi-
ples estudios relacionan los niveles de vitamina D con
la estacion del afio®* presentando niveles mas elevados
en las muestras tomadas en los meses de Junio a
Noviembre. Es importante recordar que las recomen-
daciones de ingesta de vitamina D de 600 Ul al dia para
nifios de 6 a 10 afios se realizan asumiendo una minima
exposicion solar®. Sin embargo, en zonas como la refe-
rida en este estudio, en el Sur de Espafia, que estd a una
latitud de 37° N y con veranos calurosos donde las
actividades al aire libre y la exposicion solar son fre-
cuentes, probablemente esta recomendacion de ingesta
estaria sobreestimada. En el trabajo de Rodriguez y
cols.®, indican que consumiendo un 67% de las DRI",
se consiguen unos niveles adecuados en sangre de vita-
mina D en nifios escolares.

En relacién con la practica de actividad fisica, no se
han observado diferencias significativas en los niveles
de vitamina D. Este resultado podria indicar por un
lado, que la exposicién por un tiempo més prolongado
al aire libre no parece tener una gran influencia en que
haya niveles mas elevados de vitamina D, a diferencia

de lo descrito en otras publicaciones®* donde realizar
una actividad al aire libre durante mds de 1/2 hora es un
factor protector de la deficiencia de vitamina D. Quizas
la situacion geografica es la que dar explicacion a estas
diferencias. Asi, en nuestra localizacién estarian justi-
ficadas las recomendaciones de una exposicién mode-
rada (en cara y extremidades) de 5-10 minutos, 2 6 3
veces a la semana para mantener unos niveles adecua-
dos de vitamina D*' (y que cumplieron los dos grupos
de nifias). Por otra parte, en este trabajo no se asocia la
préctica de actividad fisica per se con mayores niveles
de vitamina D, como se ha observado en estudios en
adultos y adolescentes??. No obstante, no se ha moni-
torizado la intensidad del deporte y ello podria consti-
tuir una limitacién a encontrar asociacion.

Tras los resultados del presente estudio, se puede
concluir que los niveles de vitamina D en nifias prepu-
beres que viven al sur de Espafia al inicio del invierno
son adecuados. No obstante, existe un grupo de riesgo
en el que se deberia realizar un seguimiento y asegurar
una ingesta adecuada de vitamina D, asi como una
exposicion solar suficiente. Probablemente en estos
grupos en los que se puede asegurar la accién de facto-
res protectores, no habria que plantear la administra-
cién de vitamina D en forma de suplemento. Atn asf,
sigue siendo necesario realizar mas estudios en dife-
rentes poblaciones para indicar cudles son los niveles
adecuados de vitamina D y seleccionar los grupos de
riesgo que se beneficiarian de los suplementos de vita-
mina D sin intentar generalizar esta prictica a toda la
poblacién, ya que unos niveles elevados no estarian
exentos de problemas de salud.
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Conclusiones | 2013

Conclusion General:

Adquirir una adecuada condicion fisica y realizar practica de actividad fisica en la etapa

prepuberal promueven un mejor estado metabdlico, y una mayor proteccion ante

procesos de oxidaciéon e inflamacion, disminuyendo las posibilidades de desarrollar

patologias asociadas en la adolescencia y la edad adulta.

Conclusiones Especificas:

II.

I1I.

El perfil de salud metabdlica en los nifios prepuberes que presentan altos
niveles de condicién fisica se caracteriza por niveles bajos de triglicéridos,
HOMA-IR, 4cido trico y proteina C-reactiva, y mayores niveles de HDL-
colesterol y apolipoproteinas Al, en comparacidon con los nifios con baja

condicion fisica.

El género, en relacion a la condicion fisica y la actividad fisica parece
condicionar el estado metabolico afectando principalmente el perfil de
lipidos en las nifias. Estos cambios se asocian con baja condicioén fisica y una

actividad fisica deficiente.

El glutatién total, el glutatién oxidado y la ratio GSH/GSSG parecen ser
marcadores fiables de estrés oxidativo en nifios prepuiberes sanos con baja
condicion fisica o hébitos sedentarios, en relacion a nifios con mejor
condicion fisica o que practican ejercicio. Las correlaciones encontradas
podrian indicar que el sistema enzimadtico actuaria para compensar el estrés
oxidativo y evitar un aumento de oxidantes, aunque son necesarios estudios

posteriores en nifios.
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IV.

VL

Las nifias prepuberes presentan un mayor estrés oxidativo que los nifios,
aunque esta situacion parece ser compensada con mayores niveles de
superoxido dismutasa, independientemente de la edad, el indice de masa

corporal, la condicion fisica y la actividad fisica.

No parece haber grandes cambios en las adipocitoquinas y otros factores
inflamatorios, relacionados con la condicién fisica o el ejercicio en nifios
prepuberes sanos, aunque se han observado algunas diferencias que deberian

confirmarse en futuros estudios.

Los niveles de vitamina D en nifias prepuberes que viven al sur de Espafia al
inicio del invierno son adecuados. No obstante, existe un grupo de riesgo en
el que se deberia realizar un seguimiento y asegurar una ingesta adecuada de
vitamina D, asi como una exposicion solar suficiente y practica de actividad
fisica. Probablemente no habria que plantear la administracién de vitamina D

en forma de suplemento.
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General:

To acquire an adequate fitness and practice physical activity at prepubertal age
promotes a metabolic health status, a greater protection from oxidation and
inflammation, and reduce the development of associated diseases in adolescence and

adulthood.

Specifics:

L. The metabolic health profile of prepubertal children displaying high levels of
cardiorespiratory fitness is characterized by low triglycerides, HOMA-IR,
uric acid and C-Reactive Protein levels, and higher levels of HDL-
cholesterol and apolipoproteins apo-Al, compared with children with low

cardiorespiratory fitness.

II. Gender in relation to cardiorespiratory fitness and physical activity seems to
condition the metabolic status mainly affecting the lipid profile in girls.
These changes are associated with low cardiorespiratory fitness and poor

physical activity.

I11. Total glutathione, oxidized glutathione and GSH/GSSG ratio seem to be
reliable markers of oxidative stress in healthy prepubertal children with low
cardiorespiratory fitness or sedentary habits compared with children with
higher fitness or those that practice physical activity. The correlations found
could indicate that the enzymatic system would act to compensate for
oxidative stress to avoid an increase in oxidants, although further studies in

children are necessary.
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IV.

VL

Prepubertal girls presented higher oxidative stress than boys, a situation that
was compensated with elevated levels of superoxide dismutase,
independently of age, body max index, fitness and physical activity.

There seems no to be major changes in plasma adipocytokines and
inflammatory factors related to physical fitness or exercise in healthy
prepubertal children. However, there have been some differences that should

be confirmed in future studies.

Vitamin D levels in prepubertal girls living in southern Spain at the
beginning of winter are adequate. However, there is a risk group which
should monitor and ensure an adequate intake of vitamin D and enough sun
exposure and physical activity practice. Probably, in these groups we should

not advise the administration of vitamin D in supplement form.

168



BIBLIOGRAFIA






Bibliografia | 2013

A

Antoncic-Svetina M, Sentija D, Cipak A, Milicic D, Meinitzer A, Tatzber F, Andrisic L,
Zelzer S, Zarkovic N. Ergometry induces systemic oxidative stress in healthy human

subjects. Tohoku J Exp Med. 2010; 221: 43-8.

B

Barbeau P, Litaker MS, Woods KF, Lemmon CR, Humphries MC, Owens S, Gutin B.
Hemostatic and inflammatory markers in obese youths: effects of exercise and

adiposity. J Pediatr. 2002; 141: 415-20.

Barbeau P, Gutin B, Litaker MS, Ramsey LT, Cannady WE, Allison J, Lemmon CR,
Owens S. Influence of physical training on plasma leptin in obese youths. Can J Appl

Physiol. 2003; 28: 382-96.

Benitez-Sillero JD, Perez-Navero JL, Tasset I, Guillen-Del Castillo M, Gil-Campos M,
Tunez 1. Cardiorespiratory fitness and oxidative stress: effect of acute maximal aerobic

exercise in children and adolescents. J. Sports Med. Phys. Fitness. 2011; 51:204-210.

Bloomer RJ, Smith WA. Oxidative stress in response to aerobic and anaerobic power
testing: influence of exercise training and carnitine supplementation. Res Sports Med.

2009; 17: 1-16.

Bouglé D, Zunquin G, Sesboué¢ B, Sabatier JP.Relationships of cardiorespiratory fitness
with metabolic risk factors, inflammation, and liver transaminases in overweight youths.

Int J Pediatr. 2010; 2010: 580897.

Bueno G, Bueno O, Moreno LA, Garcia R, Tresaco B, Garagorri JM, Bueno M.
Diversity of metabolic syndrome risk factors in obese children and adolescents. J

Physiol Biochem. 2006; 62: 125-33.

C

Casado A, de la Torre R, Lopez-Fernandez ME. Copper/zinc superoxide dismutase

activity in newborns & young people in Spain. Indian J Med Res. 2007; 125: 655-60.

171



2013 | Llorente-Cantarero, I..J.

Cavas L, Tarhan L. Effects of vitamin-mineral supplementation on cardiac marker and
radical scavenging enzymes, and MDA levels in young swimmers. Int J Sport Nutr

Exerc Metab. 2004; 14: 133-46.

Chevion S, Moran DS, Heled Y, Shani Y, Regev G, Abbou B, Berenshtein E, Stadtman
ER, Epstein Y. Plasma antioxidant status and cell injury after severe physical exercise.

Proc Natl Acad Sci U S A. 2003; 100: 5119-23.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for
child overweight and obesity worldwide: international survey. BMJ. 2000; 320: 1240-3.

Committee of Experts on Sports Research EUROFIT (1993). Handbook for the
EUROFIT Tests of Physical Fitness. Strasburg: Council of Europe.

Cook DG, Mendall MA, Whincup PH, Carey IM, Ballam L, Morris JE, Miller GJ,
Strachan DP. C-reactive protein concentration in children: relationship to adiposity and

other cardiovascular risk factors. Atherosclerosis. 2000; 149: 139-50.

D

Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insulin
resistance, obesity and diabetes. Trends Immunol. 2004; 25:4-7.

Devaraj S, Rosenson RS, Jialal I. Metabolic syndrome: an appraisal of the pro-
inflammatory and procoagulant status. Endocrinol Metab Clin North Am. 2004; 33:
431-53.

E

Erdelmeier I, Gérard-Monnier D, Yadan JC, Chaudi¢re J. Reactions of N-methyl-2-
phenylindole with malondialdehyde and 4-hydroxyalkenals. Mechanistic aspects of the
colorimetric assay of lipid peroxidation. Chem Res Toxicol. 1998; 11: 1184-94.

F

172



Bibliografia | 2013

Fisher-Wellman K, Bloomer RJ. Acute exercise and oxidative stress: a 30 year history.

Dyn Med. 2009; 8: 1.

Flohé L, Guinzler WA. Assays of glutathione peroxidase. Methods Enzymol. 1984; 105:
114-21.

G

Garcia-Artero E, Ortega FB, Ruiz JR, Mesa JL, Delgado M, Gonzéalez-Gross M, Garcia-
Fuentes M, Vicente-Rodriguez G, Gutiérrez A, Castillo MJ. Lipid and metabolic
profiles in adolescents are affected more by physical fitness than physical activity

(AVENA study). Rev Esp Cardiol. 2007; 60: 581-8.

Gil-Campos M, Aguilera CM, Caiiete R, Gil A. Uric acid is associated with features of
insulin resistance syndrome in obese children at prepubertal stage. Nutr Hosp. 2009; 24:

607-13.

Gil-Campos M, Ramirez-Tortosa MC, Aguilera CM, Cafete R, Gil A. Fasting and
postprandial adiponectin alterations anticipate NEFA and TNF-a changes in prepubertal
obese children. Nutr Metab Cardiovasc Dis. 2011; 21: 62-68.

Gonenc S, Acikgoz O, Semin I, Ozgonul H. The effect of moderate swimming exercise
on antioxidant enzymes and lipid peroxidation levels in children. Indian J Physiol

Pharmacol. 2000; 44: 340-4.

Gonzalez-Gross M, Castillo MJ, Moreno L, Nova E, Gonzalez-Lamufio D, Pérez-
Llamas F, Gutiérrez A, Garaulet M, Joyanes M, Leiva A, Marcos A. Feeding and
assessment of nutritional status of spanish adolescents (AVENA study). Evaluation of

risks and interventional proposal. .Methodology. Nutr Hosp. 2003; 18: 15-28.

Gougoura S, Nikolaidis MG, Kostaropoulos IA, Jamurtas AZ, Koukoulis G, Kouretas
D. Increased oxidative stress indices in the blood of child swimmers. Eur J Appl

Physiol. 2007; 100: 235-9.

173



2013 | Llorente-Cantarero, I..J.

Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of moderate and vigorous

physical activity to fitness and fatness in adolescents. Am J Clin Nutr. 2005; 81: 746-50.

Guillen del Castillo M, Benitez-Sillero JD, Morente Montero A, Rabadan de Cos I.
Beteria EUROFIT. Segovia J, Lopez-Silvarrey FJ, Cesar Legido J. Coord. Manual de
Valoracion Funcional. Elsevier. 2007. 307 — 318.

I
Imperatore G, Cheng YJ, Williams DE, Fulton J, Gregg EW. Physical activity,

cardiovascular fitness, and insulin sensitivity among U.S. adolescents: the National
Health and Nutrition Examination Survey, 1999-2002. Diabetes Care. 2006; 29: 1567-
72.

Isik A, Koca SS, Ustundag B, Selek S. Decreased total antioxidant response and
increased oxidative stress in Behcet's disease. Tohoku J Exp Med. 2007; 212: 133-41.

J

Ji LL, Radak Z, Goto S. Hormesis and exercise: how the cell copes with oxidative

stress. Am. J. Pharmacol. Toxicol. 2008; 3: 44-58.

K

Kelishadi R, Cook SR, Amra B, Adibi A. Factors associated with insulin resistance and

non-alcoholic fatty liver disease among youths. Atherosclerosis. 2009; 204: 538-43.

Kellar KL, Douglass JP. Multiplexed microsphere-based flow cytometric
immunoassays for human cytokines. J Immunol Methods. 2003; 279: 277-85.

Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R. Emotions, morbidity, and
mortality: new perspectives from psychoneuroimmunology. Annu Rev Psychol. 2002;

53: 83-107.

174



Bibliografia | 2013

Koerner A, Kratzsch J, Kiess W. Adipocytokines: leptin--the classical, resistin--the

controversical, adiponectin--the promising, and more to come. Best Pract Res Clin

Endocrinol Metab. 2005; 19: 525-46.

Konig D, Wagner KH, Elmadfa I, Berg A. Exercise and oxidative stress: significance of
antioxidants with reference to inflammatory, muscular, and systemic stress. Exerc

Immunol Rev. 2001; 7: 108-33.

Korner A, Kratzsch J, Gausche R, Schaab M, Erbs S, Kiess W. New predictors of the
metabolic syndrome in children--role of adipocytokines. Pediatr Res. 2007; 61: 640-5.

L

Léger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test
for aerobic fitness. J Sports Sci. 1988; 6: 93-101.

Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz AG, Ahn BW, Shaltiel S,
Stadtman ER. Determination of carbonyl content in oxidatively modified proteins.

Methods Enzymol. 1990; 186: 464-78.

Luo S, Levine RL. Methionine in proteins defends against oxidative stress. FASEB J.
2009; 23: 464-72.

M

Mamiya T, Katsuoka F, Hirayama A, Nakajima O, Kobayashi A, Maher JM, Matsui H,
Hyodo I, Yamamoto M, Hosoya T. Hepatocyte-specific deletion of heme oxygenase-1
disrupts redox homeostasis in basal and oxidative environments. Tohoku J Exp Med.

2008; 216: 331-9.

Martinez-Gomez D, Ortega FB, Ruiz JR, Vicente-Rodriguez G, Veiga OL, Widhalm K,
Manios Y, Béghin L, Valtueiia J, Kafatos A, Molnar D, Moreno LA, Marcos A, Castillo
MIJ, Sjostrom M; HELENA study group. Excessive sedentary time and low
cardiorespiratory fitness in European adolescents: the HELENA study. Arch Dis Child.
2011; 96: 240-6.

175



2018 | Llorente-Cantarero, F..J.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting

plasma glucose and insulin concentrations in man. Diabetologia. 1985; 28: 412-9.

Mauras N, Delgiorno C, Kollman C, Bird K, Morgan M, Sweeten S, Balagopal P,
Damaso L. Obesity without established comorbidities of the metabolic syndrome is

associated with a proinflammatory and prothrombotic state, even before the onset of

puberty in children. J Clin Endocrinol Metab. 2010; 95: 1060-8.

McGavock JM, Torrance BD, McGuire KA, Wozny PD, Lewanczuk RZ.
Cardiorespiratory fitness and the risk of overweight in youth: the Healthy Hearts
Longitudinal Study of Cardiometabolic Health. Obesity (Silver Spring). 2009; 17: 1802-
7.

McMurray RG, Zaldivar F, Galassetti P, Larson J, Eliakim A, Nemet D, Cooper DM.
Cellular immunity and inflammatory mediator responses to intense exercise in

overweight children and adolescents. J Investig Med. 2007; 55: 120-9.

Mesa JL, Ruiz JR, Ortega FB, Warnberg J, Gonzélez-Lamufio D, Moreno LA, Gutiérrez
A, Castillo MJ. Aerobic physical fitness in relation to blood lipids and fasting glycaemia
in adolescents: influence of weight status. Nutr Metab Cardiovasc Dis. 2006; 16: 285-
93.

Moliner-Urdiales D, Ruiz JR, Ortega FB, Jiménez-Pavon D, Vicente-Rodriguez G, Rey-
Lopez JP, Martinez-Goémez D, Casajus JA, Mesana MI, Marcos A, Noriega-Borge MJ,
Sjostrom M, Castillo MJ, Moreno LA; AVENA and HELENA Study Groups. Secular
trends in health-related physical fitness in Spanish adolescents: the AVENA and
HELENA studies. J Sci Med Sport. 2010; 13: 584-8.

Moreno LA, Pineda I, Rodriguez G, Fleta J, Sarria A, Bueno M. Waist circumference
for the screening of the metabolic syndrome in children. Acta Paediatr. 2002; 91: 1307-
12.

176



Bibliografia | 2013

N

Naylor PJ, McKay HA. Prevention in the first place: schools a setting for action on

physical inactivity. Br J Sports Med. 2009; 43: 10-3.

Q)

Olds T, Tomkinson G, Léger L, Cazorla G. Worldwide variation in the performance of
children and adolescents: an analysis of 109 studies of the 20-m shuttle run test in 37

countries. J Sports Sci. 2006; 24: 1025-38.

Ortega FB, Artero EG, Ruiz JR, Espafia-Romero V, Jiménez-Pavon D, Vicente-
Rodriguez G, Moreno LA, Manios Y, Béghin L, Ottevaere C, Ciarapica D, Sarri K,
Dietrich S, Blair SN, Kersting M, Molnar D, Gonzélez-Gross M, Gutiérrez A, Sjostrom
M, Castillo MJ; HELENA study. Physical fitness levels among European adolescents:
the HELENA study. Br J Sports Med. 2011; 45: 20-9.

Ortega FB, Tresaco B, Ruiz JR, Moreno LA, Martin-Matillas M, Mesa JL, Warnberg J,
Bueno M, Tercedor P, Gutiérrez A, Castillo MJ; AVENA Study Group.
Cardiorespiratory fitness and sedentary activities are associated with adiposity in

adolescents. Obesity (Silver Spring). 2007; 15: 1589-99.

Ortega FB, Ruiz JR, Castillo MJ, Moreno LA, Gonzéilez-Gross M, Wirnberg J,
Gutiérrez A; Grupo AVENA. Low level of physical fitness in Spanish adolescents.
Relevance for future cardiovascular health (AVENA study). Rev Esp Cardiol. 2005; 58:
898-909.

P

Pate RR, O'Neill JR. After-school interventions to increase physical activity among

youth. Br J Sports Med. 2009; 43: 14-8.

Platat C, Wagner A, Klumpp T, Schweitzer B, Simon C. Relationships of physical
activity with metabolic syndrome features and low-grade inflammation in adolescents.

Diabetologia. 2006; 49: 2078-85.

177



2018 | Llorente-Cantarero, F..J.

Pianta RC; NICHD. Developmental science and education: the NICHD study of early

child care and youth development findings from elementary school. Adv Child Dev
Behav. 2007; 35: 253-96.

Price JA, Sanny CG, Shevlin D. Application of manual assessment of oxygen radical
absorbent capacity (ORAC) for use in high throughput assay of "total" antioxidant
activity of drugs and natural products. J Pharmacol Toxicol Methods. 2006; 54: 56-61.

R

Raison CL, Capuron L, Miller AH. Cytokines sing the blues: inflammation and the
pathogenesis of depression. Trends Immunol. 2006; 27: 24-31.

Rahman I, Kode A, Biswas SK. Assay for quantitative determination of glutathione and
glutathione disulfide levels using enzymatic recycling method. Nat Protoc. 2006; 1:

3159-65.

Ricart-Jané D, Llobera M, Ldopez-Tejero MD. Anticoagulants and other preanalytical
factors interfere in plasma nitrate/nitrite quantification by the Griess method. Nitric

Oxide. 2002; 6: 178-85.

Rietjens SJ, Beelen M, Koopman R, VAN Loon LJ, Bast A, Haenen GR. A single
session of resistance exercise induces oxidative damage in untrained men. Med Sci

Sports Exerc. 2007; 39: 2145-51.

Roberts CK, Chen AK, Barnard RJ. Effect of a short-term diet and exercise intervention

in youth on atherosclerotic risk factors. Atherosclerosis. 2007; 191: 98-106.

Rubin DA, McMurray RG, Harrell JS, Hackney AC, Thorpe DE, Haqq AM. The
association between insulin resistance and cytokines in adolescents: the role of weight

status and exercise. Metabolism. 2008; 57: 683-90.

Ruiz JR, Ortega FB, Meusel D, Harro M, Oja P, Sjostrom M. Cardiorespiratory fitness

is associated with features of metabolic risk factors in children. Should

178



Bibliografia | 2013

cardiorespiratory fitness be assessed in a European health monitoring system? The

European Youth Heart Study. J Public Health. 2006; 14: 94-102.

S

Sacheck J. Pediatric obesity: an inflammatory condition? JPEN J Parenter Enteral
Nutr. 2008; 32: 633-7.

Sellers EA, Singh GR, Sayers SM. Apo-B/Al ratio identifies cardiovascular risk in
childhood: the Australian Aboriginal Birth Cohort study. Diab Vasc Dis Res. 2009; 6:
94-9.

Steele RM, Brage S, Corder K, Wareham NJ, Ekelund U. Physical activity,
cardiorespiratory fitness, and the metabolic syndrome in youth. J Appl Physiol. 2008;
105: 342-51.

Sobradillo B, Aguirre A, Aresti U et al. (2004) Curvas y tablas de crecimiento (estudios

longitudinal y transversal). Madrid: Fundacion Faustino Orbegozo Eizaguirre.

T

Tailor AM, Peeters PH, Norat T, Vineis P, Romaguera D. An update on the prevalence
of the metabolic syndrome in children and adolescents. Int J Pediatr Obes. 2010, 5:
202-13.

Tanner JM. Growth at adolescente. Oxford: Blackwell; 1962.
Tirakitsoontorn P, Nussbaum E, Moser C, Hill M, Cooper DM. Fitness, acute exercise,
and anabolic and catabolic mediators in cystic fibrosis. Am J Respir Crit Care Med.

2001; 164: 1432-7.

Tsukahara H. Biomarkers for oxidative stress: clinical application in pediatric medicine.

Curr Med Chem. 2007; 14: 339-51.

179



2018 | Llorente-Cantarero, F..J.

Twisk JW, Kemper HC, van Mechelen W. The relationship between physical fitness
and physical activity during adolescence and cardiovascular disease risk factors at adult
age. The Amsterdam Growth and Health Longitudinal Study. Int J Sports Med. 2002;
23 Suppl 1:S8-14.

U

Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant supplementation.

Toxicology. 2003; 189: 41-54.

\%

Valle M, Martos R, Gascon F, Cafiete R, Zafra MA, Morales R. Low-grade systemic
inflammation, hypoadiponectinemia and a high concentration of leptin are present in
very young obese children, and correlate with metabolic syndrome. Diabetes Metab.

2005; 31: 55-62.

W

Wiérnberg J, Moreno LA, Mesana MI, Marcos A; AVENA group. Inflammatory
mediators in overweight and obese Spanish adolescents. The AVENA Study. Int J Obes
Relat Metab Disord. 2004; 28 Suppl 3:S59-63.

Weiss R. Metabolic syndrome in childhood - causes and effects. Endocr Dev. 2010; 19:
62-72.

Z

Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G, Bennett
P, Shaw J, Caprio S; IDF Consensus Group. The metabolic syndrome in children and
adolescents - an IDF consensus report. Pediatr Diabetes. 2007; 8: 299-306.

180



