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RESUMEN

La inactividad fisica y el establecimiento de hébitos alimentarios saludables son los
principales factores modificables determinantes de enfermedad crénica. Un aumento de
la capacidad aerébica y el seguimiento de las pautas nutricionales relacionadas con la
dieta mediterranea estan inversamente relacionados con distintos pardmetros de salud en
jovenes. Por este motivo, es importante el desarrollo de programas especificos que
mejoren la capacidad aerdbica y la nutricion de los jovenes, siendo la escuela el lugar de
origen y nucleo de potenciales iniciativas encaminadas al impulso de habitos saludables.
De la misma forma, es importante involucrar a los padres en dichos programas, ya que
ha sido demostrado que la influencia que estos ejercen sobre los hébitos de vida

saludables de sus hijos es muy alta.

El objetivo general de la Tesis Doctoral es estudiar la relacion entre la actividad fisica y
la nutricidn con los diversos parametros relacionados con la salud en jovenes, asi como

estudiar el efecto combinado de esta intervencidn en sujetos con sindrome metabolico.

Los resultados de la presente memoria de Tesis ponen de manifiesto la importancia y
utilidad de las intervenciones combinadas de actividad fisica y nutricion como
determinantes de salud. La metodologia utilizada en estas intervenciones puede ser
utilizada como estrategia educativa y sanitaria para la prevencion de diversas

enfermedades, asi como para la reduccion de las mismas.
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SUMMARY

Physical inactivity and unhealthy eating habits are two mayor modifiable determinants
of chronic diseases. Increases in aerobic capacity and development of nutritional
patterns related with the traditional Mediterranean diet are related with positive
improvements to specific health parameters in youth. For this reason, it is important to
develop programs for young people which specifically target improvements aerobic
capacity and nutrition. The school is a potential setting for such interventions making it
well-placed to improve the health habits of its pupils. In addition, it is important to
involve parents in healthy interventions, as parents have a strong influence on the health

habits of their children.

Studies have begun to demonstrate improvements in some physiological risk factors
using vigorous physical training programs with obese children and adolescents during
after-school hours. In recognition, the American Heart Association (AHA) now

recognizes the importance of prevention and treatment.

The overall objective of this thesis was to study the relationship between physical
activity and nutrition on different parameters related with health in the young
population. In addition the thesis examines the effects of combined interventions in

subjects with metabolic syndrome.

The results of the present work highlight the importance and usefulness of interventions
combining physical activity and nutrition with regards to health determinants. The
methodology used in these interventions can be used as part of an education and health

strategy for the reduction and/or prevention of illness and diseases.
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ABREVIATURAS [Abbreviations]
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INTRODUCCION

En la actualidad, el elevado consumo de alimentos de alta densidad energética, ricos en
grasas saturadas, azucar y sal, la falta de actividad fisica y el incremento de actividades
sedentarias, representan los estilos de vida de gran parte de la poblacion infantil'. Esta
es la causa principal que ha hecho que la obesidad en la infancia y la adolescencia se
haya incrementado de manera alarmante en los ultimos afios™. La obesidad esta
relacionada con el aumento del riesgo de una serie de enfermedades como por ejemplo
el desarrollo de diabetes mellitus, hipertension, dislipemias, osteoporosis, enfermedades
cardiovasculares y algunos tipos de cancer’. Aunque recientes estudios demuestran que
el componente genético es un importante factor a la hora de explicar y comprender la
obesidad, parece no ser la principal causa del rapido aumento en el numero de obesos,
dentro de una poblacion relativamente estable’. Resultados obtenidos en
investigaciones internacionales muestran que la dieta, la actividad fisica y los
comportamientos sedentarios son los factores mas importantes de riesgo para los

<y 6
jovenes con SObI‘CpCSO .

Actualmente la inactividad fisica es considerada por diversos autores como uno de los
principales problemas de salud publica del siglo XXI'. La prevalencia de un patron
insuficiente de actividad fisica oscila entre el 37% y el 40% en la poblacién escolar
espafiola, en funcién de su sexo (nifios y nifias, respectivamente)®. Existen evidencias
cientificas abrumadoras que relacionan la actividad fisica y la salud fisica y mental. La
actividad fisica se asocia negativamente con el sobrepeso y la obesidad’, 'y
positivamente con la salud cardiovascular en personas jovenes”'’. Un aumento de la
capacidad aerdbica estéd relacionado inversamente con distintos parametros de salud en

jovenes, como el perfil lipidico'""', la resistencia a la insulina'*'¥, la masa grasa'>'® y

, . ’ r1: .. 17,18
parametros relacionados con el sindrome metabélico'”'® .

La nutricion ha sido catalogada como uno de los principales factores modificables
determinantes de enfermedades cronicas'’. El establecimiento de habitos alimentarios
saludables durante la infancia y la adolescencia es importante, ya que se ha demostrado
que las preferencias alimenticias y los hdbitos alimentarios se establecen durante la
infancia temprana® y pueden perdurar hasta la edad adulta®'. Se ha demostrado que una

adecuada ingesta de frutas y verduras tienen efecto protector sobre la salud tanto a corto
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como largo plazo®. La dieta mediterranea es de interés para la salud publica ya que un
elevado numero de investigaciones han demostrado el efecto beneficioso de los
componentes especificos de la dieta mediterranea sobre la pérdida de peso®*, obesidad

abdominal®, resistencia a la insulina®®?’, riesgo de sufrir diabetes mellitus®* y

. 1
enfermedades cardiovasculares’®

. Esta dieta se caracteriza por un alto consumo de
cereales integrales, aceite de oliva, legumbres, verduras, frutas y cereales, de moderado
a alto consumo de pescado y de moderado a bajo consumo de carne y productos
carnicos, leche y productos lacteos, ademas de un consumo moderado de alcohol en
forma de vino en las comidas. Los posibles mecanismos por los que la dieta
mediterranea puede influir en estas enfermedades son debidos al elevado contenido en
fibra que puede influir en la sensacidn de saciedad, el alto contenido en antioxidantes en
la B-disfuncion de las células, efecto antiinflamatorio de vitaminas, minerales,
antioxidantes y grasa insaturada (sobre todo aceite de oliva) presentes en altos niveles

en la dieta mediterranea®>*>.

La American Heart Association (AHA) se ha pronunciado de forma oficial, basandose
en evidencias cientificas, y propone la escuela como el lugar de origen y nucleo de
potenciales iniciativas encaminadas a la promocioén y el impulso de comportamientos
saludables®. De igual importancia es la involucracién de los padres en intervenciones
saludables, ya que la influencia que ejercen los padres sobre los habitos alimenticios de

los jovenes y adolescentes es elevada®.



INTRODUCTION

Nowadays, the lifestyle of the majority of child population is characterized by a high
intake of food which is energy-dense, high in saturated fats, and high in sugar and salt.
This is often compounded by low levels of physical activity and high levels of
sedentary behavior'. This is the main contributor to the alarming rise in childhood and
adolescent obesity in recent years™. Obesity is associated with an increased risk of a
number of illnesses such as; the development of diabetes mellitus, hypertension,
dyslipidemia, osteoporosis, cardiovascular disease and certain types of cancer®.
Although recent studies show that genetic components are important factors in
explaining and understanding obesity, it is unlikely to be the main cause of the rapid
rise in the number of cases of obesity, within a relatively stable population®. Results
gathered in international research show that diet, physical activity and sedentary

behaviour are the most important risk factors for excessive weight in youth®.

Physical inactivity is considered to be one of the main threats to public health in the
21st century’. Estimated prevalence's of physical inactivity froma Spanish scholar
population (boys and girls, respectively) range from 37% to 40%". There is scientific
evidence which links physical activity with both physical and mental health. Physical
activity is negatively associated with overweight and obesity’, and positively associated
with cardiovascular health in young people’'’. Increases in aerobic capacity are related
with improvements to specific health parameters in youth including: the lipid

11,12 13,14 15,16

profile’ >'~, insulin resistance ', fat mass and parameters associated with

: 17,1
metabolic symdrome'”'®,

Nutrition has been labeled as one of the main modifiable determinants of chronic
diseases'. Establishing healthy eating habits during childhood and adolescence is
important, since it has been shown that food preferences and eating habits are
established in early childhood®® and can persist into adulthood'. Researchers have been
shown that adequate intake of fruits and vegetables have a protective effect on both shirt
and long-term health”. Research surrounding the Mediterranean diet is of interest for
public health as a large number of studies have now demonstrated the beneficial effects

of specific components of the Mediterranean diet on weight loss™**

obesityzs, insulin resistance®®?’, risk of diabetes mellitus

, abdominal

2829 and cardiovascular
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3031 This dietary pattern is characterized by a high consumption of whole-grain

diseases
cereals, olive oil and, plant foods (i.e. vegetables, fruits, and legumes), a moderate-to-
high intake of fish, and a low-to-moderate intake of meat. There is also a moderate
intake of alcohol in the form of wine consumed with meals. The possible mechanisms
through which the Mediterranean diet may influence these diseases are via its high fibre
content which can influence satiety, influence of high antioxidant content on B-cell
dysfunction, and the inflammatory effects of the high levels of vitamins, minerals,

antioxidants and unsaturated fats (especially olive oil)****.

Previous studies which obese children and adolescents have demonstrated
improvements in some physiological risk factors' using vigorous physical training
programs during after-school hours. The American Heart Association (AHA) now
recognizes the importance of prevention and treatment. In addition, it is important to
involve parents in healthy interventions, as parents have a strong influence on the eating

habits of young people and adolescents'®.



OBJETIVOS

General

El objetivo general de la Tesis Doctoral es estudiar la relacion entre la actividad fisica y

la nutricion con los diversos parametros relacionados con la salud en jévenes, asi como

estudiar el efecto combinado de esta intervencion en sujetos con sindrome metabdlico.

Especificos

VI.

Describir el grado de actividad fisica, estado nutricional y prevalencia de

sobrepeso/obesidad en nifios y jovenes escolarizados en Granada.

Analizar la influencia de una intervencion, de corta duracidén, combinada de
actividad fisica y educacidén nutricional sobre pardmetros relacionados con la

salud en escolares.

Determinar el efecto de una intervencion combinando actividad fisica, educacion
nutricional y consumo de aceite de oliva virgen extra, de manera combinada y

aislada, sobre parametros relacionados con la salud en escolares.

Estudiar los efectos de un programa de actividad fisica moderada-vigorosa de
seis meses de duracidn y del consumo diario de un aceite de oliva virgen extra

rico en polifenoles sobre la actividad de la enzima catalasa en nifios sanos.

Examinar el efecto de un programa de entrenamiento aerobico de alta intensidad
desarrollado durante las clases de educacidn fisica sobre la capacidad aerdbica

de adolescentes.

Identificar la relacion existente entre realizar actividad fisica y una nutricion
adecuada y la posibilidad de sufrir infarto de miocardio en sujetos con sindrome

metabdlico.
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AIMS

General

The overall objective of this thesis was to study the relationship between physical

activity and nutrition on the different parameters related with health in a young

population. This thesis also examines the effects of combined interventions in subjects

with metabolic syndrome.

Specific

VI.

To describe the physical activity habits, nutritional status, and prevalence of

overweigh/obesity in school children and youth in Granada.

To analyze the effects of a short-term intervention combining, nutritional
education with physical activity on the improvement of health-related

parameters in children at primary school.

To determine the effects of nutritional education, vigorous extra-curricular
physical activity and extra virgin olive oil, both individually and in combination

on health related parameters in children in primary education.

To study the effects of a 6 months intervention incorporating moderate-vigorous
physical activity and daily extra virgin olive oil consumption rich in polyphenols

on catalase activity in healthy children.

To examine the effect of high intensity aerobic training delivered during

physical education classes on the aerobic capacity of adolescents.

To identify the relationship between physical activity and proper nutrition on the
probability of suffering from myocardial infarction in subjects with metabolic

syndrome.

31






REFERENCIAS [References]

Moreno LA, Rodriguez G, Fleta J, Bueno-Lozano M, Lazaro A, Bueno G. Trends
of dietary habits in adolescents. Crit Rev Food Sci Nutr. 2010; 50(2):106-12.

Janssen I, Katzmarzyk PT, Obice WF, Vereecken C, Mulvihill C, Roberts C, et al.
Comparison of overweight and obesity prevalence in school-aged youth from 34

countries and their relationships with physical activity and dietary patterns. Obes
Rev. 2005; 6(2):123-32.

Moreno LA, Mesana MI, Fleta J, Ruiz JR, Gonzalez-Gross M, Sarria A, et al.
Overweight, obesity and body fat composition in Spanish adolescents. The

AVENA study. Ann Nutr Metab. 2005; 49:71-6.

Haidar YM, Cosman BC. Obesity epidemiology. Clin Colon Rectal Surg. 2011;
24(4):205-10.

Lobstein T, Baur L, Uauy R. Obesity in children and young people: a crisis in
public health. Obes Rev. 2004; 5(1):4-104.

Gaskin PS, Lai P, Guy D, Knight J, Jackson M, Nielsen AL. Diet, Physical Activity,
Weight Status, and Culture in a Sample of Children from the Developing World. J
Nutr Metab. 2012 [Epub ahead of print].

Blair SN. Physical inactivity: the biggest public health problem of the 21st century.
Br J Sports Med. 2009; 43:1-2.

Roman B, Serra-Majem L, Ribas-Barba L, Pérez-Rodrigo C, Aranceta J. How
many children and adolescents in Spain comply with the recommendations on

physical activity? J Sports MedPhys Fitness. 2008; 48(3):380-7.

33



34

9.

T. Olds, K. Ferrar, N. Schranz, C. Maher. Obese adolescents are less active than
their normal-weight peers, but wherein lies the difference? J Adolesc Health.
2011; 48(2):189-95.

10. Andersen LB, Bugge A, Dencker M, Eiberg S, El-Naaman B. The association

between physical activity, physical fitness and development of metabolic

disorders. Int J Pediatr Obes. 2011; 6(1):29-34.

11. Evans RK, Franco RL, Stern M, Wickham EP, Bryan DL, Herrick JE et al.

12.

13.

14.

15.

Evaluation of a 6-month multi-disciplinary healthy weight management program
targeting urban, overweight adolescents: Effects on physical fitness, physical

activity, and blood lipid profiles. IJPO. 2009, 4(3):130-3.

Llorente-Cantarero FJ, Pérez-Navero JL, Benitez-Sillero J de D, Mufioz-Villanueva
MC, Gil-Campos M. Evaluation of metabolic risk in prepubertal girls versus boys
in relation to fitness and physical activity. Gend Med. 2012, 9(6):436-44.

Berman LJ, Weigensberg MJ, Spruijt-Metz D. Physical activity is related to insulin
sensitivity in children and adolescents, independent of adiposity: a review of the

literature. Diabetes Metab Res Rev. 2012, 28(5):395-408.

Carlone A, Venditti C, Cipolloni L, Zampetti S, Spoletini M, Capizzi M, et al.
Childhhood obesity, insulin resistance and increased cardiovascular risk. Recenti

Prog Med. 2012, 103(10):369-72.

Breithaupt PG, Colley RC, Adamo KB. Using the oxygen uptake efficiency slope
as an indicator of cardiorespiratory fitness in the obese pediatric population.

Pediatr Exerc Sci. 2012, 24(3):357-68.



16.

17.

18.

19.

20.

21.

22.

23.

Pahkala K, Hernelahti M, Heinonen OJ, Raittinen P, Hakanen M, Lagstrom H, et al.
Body mass index, fitness and physical activity from childhood through
adolescence. Br J Sports Med. 2013, 47:71-77.

Christodoulos AD, Douda HT,Tokmakidis SP. Cardiorespiratory Fitness, Metabolic
Risk, and Inflammation in Children. Int J Pediatr. 2012 Jun 24 [Epub ahead of
print].

Bouglé D, Zunquin G, Sesboué& B, Sabatier JP.. Int J Pediatr. 2012 Jun 28 [Epub
ahead of print].

World Health Organisation. Diet, Nutrition and the Prevention of Chronic Diseases:
Report of a Joint WHO/FAO Expert Consultation. WHO Technical Report Series
no. 916. Geneva: WHO. 2003.

Brug J, Tak NI, te Velde SJ, Bere E, de Bourdeaudhuij I. Taste preferences, liking
and other factors related to fruit and vegetable intakes among schoolchildren:

Results from observational studies. Br J Nutr. 2008; 99(1):7-14.

Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC: Tracking of obesity-
related behaviours from childhood to adulthood: a systematic review. Maturitas.

2011, 70(3):266-284.

Maynard M, Gunnel D, Emmett P, Frankel S, Davey S. Fruit, vegetables and
antioxidants in childhood and risk of adult cancer: the Boyd Orr cohort. J
Epidemiol Commun Health. 2003; 57:218-25.

Bonnacio M, Bonanni AE, Di Castelnovo A, De Lucia F, Donati MB, De Gaectano
G, et al. Low income is associated with poor adherence to a Mediterranean diet

and higher prevalence of obesity: cross-sectional results from the Moli-sani study.

BMJ. 2012; 2:e001685.

35



36

24.

25.

26.

27.

28.

Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, Salas-Salvadé J, Buil-
Cosiales P, Corella D. A 14-Item Mediterranean Diet Assessment Tool and
Obesity Indexes among High-Risk Subjects: The PREDIMED Trial. PLoS ONE.
2012; 7(8): e43134.

Bédard A, Dodin S, Corneau L, Lemieux S. The impact of abdominal obesity status
on cardiovascular response to the mediterranean diet. J Obes. 2012 Oct 21 [Epub

ahead of print].

Bos MB, de Vries JH, Feskens EJ, van Dijk SJ, Hoelen DW, Siebelink E, et al.
Effect of a high monounsaturated fatty acids diet and a Mediterranean diet on
serum lipids and insulin sensitivity in adults with mild abdominal obesity. Nutr

Metab Cardiovasc Dis. 2010; 20(8):591-8.

Tzima N, Pitsavos C, Panagiotakos DB, Skoumas J, Zampelas A, Chrysohoou C, et

al. Mediterranean diet and insulin sensitivity, lipid profile and blood pressure
levels, in overweight and obese people; the Attica study. Lipids Health Dis. 2007,
19:6-22.

Ortega-Azorin C, Sorli JV, Asensio EM, Coltell O, Martinez-Gonzalez MA, Salas-
Salvado J, et al. Associations of the FTO rs9939609 and the MC4R rs17782313
polymorphisms with type 2 diabetes are modulated by diet, being higher when
adherence to the Mediterranean diet pattern is low. Cardiovasc Diabetol. 2012;
11:137.

29. de Lorgeril M. PREDIMED trial: Mediterranean diet may reduce the risk of type 2

diabetes. Evid Based Med. 2011; 16(5):152-3.



30.

31.

32.

33.

34.

35.

Dominguez LJ, Bes-Rastrollo M, de la Fuente-Arrillaga C, Toledo E, Beunza JJ,
Barbagallo M, et al. Similar prediction of decreased total mortality, diabetes
incidence or cardiovascular events using relative- and absolute-component
Mediterranean diet score: The SUN cohort. Nutr Metab Cardiovasc Dis. 2012 Mar
6 [Epub ahead of print].

Havranek EP. Review: A Mediterranean diet reduces cardiovascular risk factors in
overweight patients compared with a low-fat diet. Ann Intern Med. 2011;
155(12):JC6-3.

Maillot, M, Issa, C, Vieux, F, Lairon D, Darmon N. The shortest way to reach
nutritional goals is to adopt Mediterranean food choices: evidence from computer-

generated personalized diets. Am J Clin Nutr. 2011; 94(4), 1127-37.

Kastorini CM, Panagiotakos, DB. Mediterranean diet and diabetes prevention: myth

or fact? World J Diabetes. 2010; 1(3), 65-7.

Pate RR, O’Neill JR. Summary of the American Heart Association scientific
statement: promoting physical activity in children and youth: a leadership role for

schools. J Cardiovasc Nurs. 2008; 23:44-9.

Pearson N, Biddle SJH, Gorely T. Family correlates of fruit and vegetable
consumption in children and adolescents: a systematic review. Public Health Nutr.

2008; 12:267-83.

37






MATERIAL, METODOS, RESULTADOS Y DISCUSION

El material, métodos, resultados y discusion se presentan a continuacidon en cada uno de
los capitulos que componen la memoria de la presente Tesis Doctoral.
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MATERIALS, METHODS, RESULTS AND DISCUSSION

Materials, methods, results and discussion are presented below for each chapter which
constitutes the mayor research of the thesis.
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Resumen

El objetivo de este estudio ha sido analizar el indice
de masa corporal (IMC), el grado de actividad fisica y
valorar el estado nutricional de nifos y jovenes escola-
rizados en Granada. Para ello se realizd un estudio nu-
tricional en una muestra formada por 77 sujetos, 37 ni-
fos (16 varones y 21 mujeres) con una media de edad
de 11.46 = 0.55 afios y 40 jovenes (20 varones y 20
mujeres) con una media de edad de 15.8 + 0.75 afios,
mediante un registro dietético de 3 dias. Ademas se
evalud el IMC y el grado de actividad o sedentarismo
realizando encuestas personales. Los resultados nos
muestran como el aporte caldrico de los macronutrien-
tes fue desequilibrado: alto de lipidos (36.11%) y pré-
tidos (16.78%) y bajo de hidratos de carbono
(47.09%). Con respecto a los micronutrientes, las die-
tas evaluadas fueron, en general, adecuadas, excepto
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en el caso de la vitamina E, acido fdlico, potasio y cal-
cio para todos los grupos; magnesio para todos los gru-
pos a excepcion del grupo de nifios género femenino;
y hierro para el grupo de jovenes género femenino,
donde se observan deficiencias. EI IMC medio esta
dentro de los valores de normopeso, sin embargo un
alto porcentaje de los sujetos estudiados tienen unos
IMC superiores a los establecidos como normopeso. El
nimero de sujetos activos va disminuyendo con la
edad, independientemente del género. Analizando los
resultados parece conveniente realizar algun tipo de in-
tervencion nutricional y de actividad fisica para preve-
nir posibles trastornos como es el caso de la obesidad.

Palabras clave

Estado nutricional, obesidad, IMC, actividad fisica,
jovenes.

Abstract

The objective of this study was to analyze the Body
Mass Index (BMI), physical activity, and to assess the
nutritional state of children and adolescent students of
Granada. The nutritional assessment was developed in
a sample of 77 subjects, 37 children (16 boys and 21
girls) aged 11.46 £ 0.55 years and 40 adolescents (20
boys and y 20 girls) aged 15.8 £+ 0.75 years, by means
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of a 3 day dietetic recording. BMI has been also stu-
died, as well as the grade of physical activity or seden-
tary pattern by means of personal interviews. The re-
sults show calorie support of macronutrients was
misbalanced, high in lipids (36.11%) and proteins
(16.78%), and low in carbohydrates (47.09%). In res-
pect to micronutrients, evaluated diets were, in gene-
ral, adequate, except in the case of E vitamin, Folic
Acid, Potassium, and Calcium for all the groups; Magne-
sium for all the groups except children girls; and Iron
for the adolescent girls. Mean BMI is within the values
of normal weight, although a high percentage of the
studied subjects sows higher values of BMI than the
considered as normal. The number of subjects physi-
cally active is decreasing with age independently of
gender. Should be important to carry out an interven-
tion in nutritional pattern as well as in physical activity
to prevent disorders as obesity.

Key words

Nutritional state, obesity, BMI, physical activity,
young people.

Abreviaturas:

RDA: Recommended Daily Allowances.
IMC: indice de Masa Corporal.

WHO: World Healt Organization.

ESO: Educacion Secundaria Obligatoria.
IR: Ingesta Recomendada.

Introduccion

En las Ultimas décadas se han acumulado evidencias
sobre la importancia de una buena alimentacion, espe-
cialmente en las etapas de desarrollo. Durante la nifez
y la adolescencia, una adecuada nutriciéon es fundamen-
tal para alcanzar el maximo desarrollo tanto fisico como
intelectual. Es durante este periodo del desarrollo don-
de se establecen patrones de consumo que pueden
contribuir, en la edad adulta, a la aparicion de diversas
enfermedades!2. La valoracion del estado nutricional
como un indicador del estado de salud, es un aspecto
importante en la localizacion de grupos de riesgo con
deficiencias y excesos dietéticos que pueden ser facto-
res de riesgo en muchas de las enfermedades cronicas
mas prevalentes en la actualidad3. Mltiples estudios
epidemioldgicos y clinicos demuestran que los cambios
en la dieta producidos en los Ultimos afios en los paises
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mas desarrollados han provocado un alarmante aumen-
to del nimero de espanoles con problemas de sobrepe-
so y obesidad, un incremento en las cifras de colesterol
hasta concentraciones similares a las de los paises del
norte de Europa, asi como un aumento en las cifras de
presion arterial. Igualmente, el consumo de dietas con
alta densidad energética y baja densidad de nutrientes,
puede dar lugar a desnutriciones subclinicas que pue-
den afectar a nutrientes esenciales®.

La obesidad en la infancia y la adolescencia se ha in-
crementado de manera alarmante en los ultimos
afnos>®. Esta alta prevalencia de la obesidad en la edad
infantil debe tener progresivas y amenazadoras conse-
cuencias para la salud biopsicosocial, tanto durante la
nifiez y adolescencia como en la edad adulta’. En
Espafia, es muy evidente el aumento de la prevalencia
del sobrepeso y la obesidad en ninos, adolescentes y
jovenes adultos. Asi en el estudio enKid (1998-2000) se
demuestra que un 26,3% presentan sobrepeso y un
13,9% obesidad, utilizando como puntos de corte el
percentil 85 y 97 del estudio de la Fundacién Orbegozo
(1988)8. Los resultados en estudios longitudinales nos
indican que los nifios obesos tienden a ser adultos obe-
sos en el futuro®. Por todo ello, prevenir el exceso de
peso y la obesidad en la edad pediatrica y muy espe-
cialmente en el periodo de la adolescencia, e identificar
a nifos que tienen factores de riesgo de obesidad, se
convierte en una prioridad sanitaria, ya que es el méto-
do mas eficaz para alcanzar una media de peso y de in-
dice de masa corporal (IMC) 6ptima en la poblacion,
que coincide con la menor prevalencia de obesidad y la
menor tasa de morbimortalidad?.

El estilo de vida mas sedentario de los jovenes y ado-
lescentes debido a las nuevas tecnologias y a los cam-
bios sociales ha provocado que exista un alto porcenta-
je de espanoles con un estilo de vida sedentario, y
ademas con una tendencia al cambio infimall. Este es-
tilo de vida constituye el principal determinante de la
salud y ejerce un importante impacto en la morbimor-
talidad de las poblaciones!2. La actividad fisica practica-
da de forma regular, mejora la salud y reduce el riesgo
de mortalidad!3 y si se desarrolla de acuerdo a unos cri-
terios de tipo, duracion, intensidad, frecuencia y pro-
gresion!4, se adaptada a las posibilidades del individuo,
mejorando la salud del mismo y ayuda al tratamiento
de enfermedades, entre las que sobresalen por su im-
portancia las coronariopatias, la hipertension arterial, la
diabetes mellitas, la osteoporosis, cancer de colon y la
depresion, sin olvidar como afecta al desarrollo del so-
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brepeso!®>1’. El analisis de los beneficios de la practica
regular de actividad fisica y los riesgos derivados de un
estilo de vida sedentario nos muestran su importante
contribucion a la morbimortalidad. Como vienen reite-
rando numerosos estudios, una temprana intervencion
en estos aspectos y en edades tempranas no solo redu-
ciria estos riesgos sino que abarataria los costes deriva-
dos de estas patologias en un futuro. En EE.UU los gas-
tos atribuibles a la obesidad son de 78.5 billones de
ddlares 0 9,1% de todo el gasto médico en Estados
Unidos para 198818,

El objetivo de este trabajo ha sido analizar el grado
de actividad fisica, el IMC y valorar el estado nutricio-
nal de nifios y jovenes escolarizados en la provincia de
Granada.

Material y Método

La muestra esta formada por 77 sujetos, 37 nifios (16
varones y 21 mujeres) con una media de edad de 11.46
+ 0.55 afos y 40 jovenes (20 varones y 20 mujeres)
con una media de edad de 15.8 + 0.75 afios de centros
publicos de la capital de Granada (Andalucia, Espafia),
durante el curso 2007-08. Se ha realizado un muestreo
aleatorio simple, siendo la muestra representativa de
los cursos de 6° de Primaria y 4° de ESO a un nivel de
confianza del 90%. Antes de realizar las entrevistas con
los alumnos y las determinaciones antropométricas, se
ha contado con el consentimiento expreso por parte de
los padres.

Para evaluar el estado nutricional se realizd un regis-
tro dietético de 3 dias. Se valoré el aporte medio diario
de micronutrientes y macronutrientes mediante el pro-
grama Dietsource en su version 1.2. Los datos se ana-
lizaron en el paquete estadistico SPSS, en su version
15.0. Tras comprobar la normalidad de las variables, a
través de la prueba Shapiro-Wilk, se utilizd el test T de
Student para comparar los valores medios de la inges-
ta estimada para los distintos micronutrientes y macro-
nutrientes y las RDA (Recommended Daily Allowances).
Se considerd como significativo un nivel de P < 0,05.

Tabla 1. Distribucién de sobrepeso y obesidad segtin género y edad

Para evaluar el IMC se midieron y pesaron a todos los
sujetos, calculando su IMC posteriormente.

Para evaluar el grado de actividad o sedentarismo,
hemos observado la duracion e intensidad del ejercicio
(ligera, moderada y vigorosa) segun la clasificacion es-
tablecida por la Organizacion mundial de la Salud
(WHO) en 1985, encuestando a los sujetos sobre las si-
guientes preguntas:

¢Realizas actividad fisica fuera del horario escolar?
¢De qué tipo?
¢Durante cuantas horas a la semana?

Resultados

En la tabla 1 figuran los datos en cuanto a sobrepe-
so y obesidad de la muestra dividida por género y edad.
Como puntos de corte se han seleccionado los estable-
cidos por Cole et al., (2000)!°. EI IMC medio, tanto en
hombres como en mujeres, e independientemente de la
edad estaba dentro de los valores de normopeso esta-
blecidos por Cole et al. Sin embargo, un 43.75% de los
nifios de 6° de Primaria obtienen unos puntos de corte
superiores a los establecidos como normopeso, en el
caso del género femenino el 33.33% supera estos va-
lores. En jévenes de género masculino el 45% de los
sujetos tienen valores superiores a los considerados
como normopeso, mientras que en el caso del género
femenino el 20% supera estos valores. (Tabla 1)

La tabla 2 muestra el grado de actividad de los suje-
tos, quedando divididos en sujetos activos (realizan dos
0 mas horas de actividad fisica extraescolar de tipo mo-
derada o vigorosa) y sedentarios (no realizan actividad fi-

Tabla 2. Comparacion entre activos y sedentarios por curso y género

Curso

Género

% Activos

%Sedentarios

6° Primaria

Masc.

75

25

60 Primaria

Fem.

23.81

76.19

40 ESO

Masc.

60

40

40 ESO

Fem.

10

90

N Género Edad + DS

IMCx DS

%Sobrepeso

%0Obesidad

%Sobrepeso/Obesidad

16

Masc.

11.44 + 0.61

19.44 £ 3.5

37.5

6.25

43.75

21

Fem.

11.48 £ 0.5

20.29 + 3.68

23.81

12.5

33.33

20

Masc.

159 £ 0.7

23.3 £ 441

35

10

45

20

Fem.

15.7 £ 0.78

20.85 + 2.85

20

0

20
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sica extraescolar; realizan actividad fisica extraescolar
del tipo modera o vigorosa durante menos de dos horas
a la semana o realizan actividad fisica extraescolar de
tipo ligera). Podemos observar como el nimero de suje-
tos activos va disminuyendo con la edad, independiente-
mente del género, manifestando ser activos un 45.95%
en 6° de Primaria, frente a un 35% que manifiesta serlo
en 4° de Educacidon Secundaria Obligatoria (ESO).
Dividiendo la muestra por género observamos grandes
diferencias entre sujetos activos, siendo un 66.67% los
sujetos de género masculino que manifiestan ser activos,
frente a un 17.07% del género femenino. (Tabla 2)

Los resultados globales muestran como el aporte de
energia a través de proteinas y lipidos supera de mane-
ra estadisticamente significativa (P<0.05) las ingestas
diarias recomendadas, mientras que el de carbohidra-
tos presenta un valor estadisticamente significativo in-
ferior al de las ingestas diarias recomendadas
(P<0.05). En cuanto al tipo de lipidos ingeridos la in-
gesta es superior a la recomendada para acidos grasos
saturados, siendo estas diferencias estadisticamente
significativas (P<0.05), y para colesterol, siendo los re-
sultados proximos a la significatividad estadistica. La in-
gesta de acidos grasos monoinsaturados y poliinsatura-
dos es inferior a las recomendaciones, siendo estas
diferencias estadisticamente significativas (P<0.05).
Comparando los resultados con las recomendaciones
de la WHO (2002), podemos comprobar como la dieta
de los jovenes escolarizados estudiados tiene deficien-
cias en cuanto a carbohidratos, ya que tan solo el 47%
de la ingesta caldrica diaria obtenida proviene de este
macronutriente, mientras las recomendaciones nos in-
dican que deberia ser de entre un 50-60%. En cuanto
a las proteinas, el porcentaje de ingesta calorica diaria
es excesivo, ya que esta situado en un 17%, mientras
las recomendaciones lo sitian entre un 10-15%. En
cuanto a los lipidos también existe exceso de ingesta

Tabla 3. Consumo de macronutrientes por persona y dia

caldrica diaria, ya que el porcentaje estudiado se situa
en el 36%, mientras que las recomendaciones estan
entre el 30-35%. La tabla 3 compara la ingesta de ma-
cronutrientes entre géneros y divididos por curso.
(Tabla 3)

En cuanto a la ingesta de micronutrientes observa-
mos que existen deficiencias en vitamina E, acido fdli-
co, potasio y calcio para todos los grupos estudiados,
siendo estas diferencias estadisticamente significativas
para todos los casos (P<0.05). El grupo de ninos (gé-
nero masculino y femenino) y el de jovenes de género
masculino presenta deficiencias en vitamina D, no sien-
do estas diferencias estadisticamente significativas para
ninguno de los casos. Todos los grupos presentan defi-
ciencia de magnesio, con diferencias estadisticamente
significativas para todos los casos, a excepcion del gru-
po nifios de género femenino. El hierro presenta defi-
ciencias en el grupo de jovenes de género femenino,
siendo estas diferencias estadisticamente significativas.
La tabla 4 muestra la comparativa por género entre la
ingesta de micronutrientes y las RDA para los sujetos
de 6° de Primaria, la tabla 5 muestra la comparativa
por género entre la ingesta de micronutrientes y las
RDA para los sujetos de 4° de ESO. (Tabla 4) (Tabla 5)

Discusion

El porcentaje de nifios y jovenes con sobrepeso y
obesidad (segln los puntos de corte establecidos por
Cole et al., 2000) fue alto, tanto para alumnos de 6° de
Primaria (43.75% en varones y 36.31% en mujeres)
como para alumnos de 4° de ESO (45% en varones y
20% en mujeres). Estos resultados, aunque algo supe-
riores, coinciden con los descritos en otros estudios,
como los del estudio enKid, realizado en una muestra
representativa de la poblacion espafiola de entre 2 y 24
afos con una muestra de 3850 sujetos, donde pode-

6°H 6°M P valor 4°H 4°M P valor
Proteinas (g) 66.32+14.55 70.65+14.5 .145 66.96+17.89 74.36+£15.45 352
H.C (g) 190.36+50.38 191.76+57.09 463 199.49+48.55 198.55+52.12 471
Lipidos (g) 138.99+17.04 165.85+27.06 .02* 151.144+22.02 142.34+26.26 .256
AGS (g) 43.57+6.11 52.14+10.77 .044* 48.15+8.68 46.46+9.6 .369
AGM (g) 52.44+6.44 57.1+£9.4 .156 53.91+8.59 51.03+£10.21 291
AGP (g) 13.72£1.9 14.86+3.24 224 16.14+3.38 13.98+2.54 .098
Colesterol (mg) 367.47+109.88 399.7+£101.98 191 368.43+£158.65 347.06+147.83 .335

P<0,05%, P<0,01**, P<0,001***
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Tabla 4. Comparativa por género entre ingesta de macronutrientes y RDA alumnos 6° Primaria

Masculino RDA P Valor Femenino RDA P Valor
Vit. A (pg/d) 1060.4+365.76 600 .000** 1093.2+541.88 600 .000***
Vit. B2 (mg/d) 1.7+0.44 0.9 .000*** 1.8+0.47 0.9 .000***
Vit. B6 (mg/d) 1.740.36 1 000 1.740.58 1 000
Vit C (mg/d) 90.7+55.85 45 .003** 102.3+£34.28 45 .000***
Vit D (ng/g) 3.244.81 5 .089 3.845.66 5 .187
Vit. E (mg/d) 7.242.55 11 .000¥* 7.2+4.14 11 .000%**
Eq.Niacina(mg/d) 19.3+4.17 12 .000%*** 19.945.08 12 .000%**
Ac.Folico (p/d) 145.3+£39.23 300 .000* ¥ 136.4+40.18 300 .000***
Sodio (g/d) 2.4+0.7 1.5 .000%¥* 2.5+0.61 1.5 .000%¥*
Potasio (g/d) 2.2+0.36 4.5 .000*** 2.3+£0.6 4.5 .000***
Calcio (mg/d) 898.9+263.59 1300 .000*** 1085.6+282.32 1300 .001%*
Foésforo (mg/d) 1220.2+£239.51 1250 319 1305.1+£325.77 1250 .229
Magnesio (mg/d) 215.4+38.63 240 .013% 229+55.32 240 193
P<0,05*, P<0,01**, P<0,001***
Tabla 5. Comparativa por género entre ingesta de macronutrientes y RDA alumnos 4° ESO
Masculino RDA P Valor Femenino RDA P Valor
Vit. A (ug/d) 1385.3£712.28 900 .004%* 1453.9+£991.33 700 .002%*
Vit. B2 (mg/d) 1.4+0.43 1.3 .299 1.5+0.36 1 .000***
Vit. B6 (mg/d) 1.5+0.49 1.3 017* 1.5+0.41 1.2 .001%*
Vit C (mg/d) 104.7+49.29 75 .008%* 135.2+54.57 65 .000%**
Vit D (ug/9) 4+4.19 5 .155 5.84+3.93 5 .204
Vit. E (mg/d) 6.1+3.38 15 L0003 6.242.68 15 .000%*
Eq.Niacina(mg/d) 17.6+4.5 16 .089 19.2+4.51 14 000
Ac.Folico (p/d) 154.5+44.63 400 .000%** 171.7+43.71 400 .000%**
Sodio (g/d) 2.2+0.64 1.5 .000%** 2.6+0.88 1.5 .000***
Potasio (g/d) 2.2+0.51 4.7 .000%** 2+0.5 4.7 .000%**
Calcio (mg/d) 953.6+332.89 1300 .000*** 1018.2+277.41 1300 .000***
Fosforo (mg/d) 1168.8+253.84 1250 .09 1192.9+£342.35 1250 .238
Magnesio (mg/d) 212.6+37.07 410 L0003 216.8+38.25 360 .000%*
Hierro (mg/g) 11.2+2.39 11 383 11.774£2.37 15 000

P<0,05%, P<0,01**, P<0,001***

mos observar una prevalencia de sobrepeso/obesidad
en varones de 10-13 anos del 41.9%, en el caso de las
mujeres es del 20%. Para varones de 14-17 aios la
prevalencia se sitUa en un 26.2%, en el caso femenino
es del 17.1%%2°. Otros estudios realizados en escolares
de la Unién Europea hacen hincapié en el dramdtico in-
cremento de la obesidad y el sobrepeso en la infancia y
la adolescencia sobre todo en los ultimos 10 afios.
Estos estudios sitlian la prevalencia de sobrepeso/obe-
sidad de los escolares europeos en un 18%, situando-
se el incremento anual de casos entre el 0.55% vy

1.65%, lo que supone un incremento de 400.000 nue-
vos casos cada afio?l22, Resultados similares se han
encontrado en el estudio AVENA realizado en adoles-
centes espafioles con un 16% de las mujeres con so-
brepeso y un 2% con obesidad y un 19% de los varo-
nes con sobrepeso y un 6% con obesidad?3.

El alto grado de sedentarismo de los nifios y jovenes
estudiados (59.74%), coincide con los resultados des-
critos por otros investigadores. Un estudio realizado en
24 paises europeos muestra que los escolares espano-
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les (11-17 afios) son los mas sedentarios de Europa?*.
Otro estudio socioldgico muestra que el 43% de la po-
blacion comprendida entre 15 y 24 afios no practica de-
porte ninguno?®. En cuanto a la distincién por género
nuestro estudio muestra una mayor prevalencia de se-
dentarismo en el género femenino (82.93%) frente al
género masculino (33.33%), estos resultados muestran
relacion con los de un estudio trasversal llevado a cabo
sobre una muestra representativa de la poblacion de
Pamplona de 18 a 65 afios, que muestra como un
76,6% de las mujeres tienen un estilo de vida sedenta-
rio, mientras que en los varones este porcentaje se re-
duce hasta un 56,7%. El sedentarismo se incrementa
con la edad, existiendo hasta un 80,3% de varones se-
dentarios en el grupo de mayor edad, y un 86,3% en-
tre las mujeres, respectivamente.

El perfil caldrico de las dietas analizadas se aleja de las
recomendaciones, existiendo un aporte excesivo a través
de proteina (16.78%) v lipidos (36.11%) y una carencia
en el aporte a través de carbohidratos (47.09%) siendo
las recomendaciones del 10-15% para proteinas, 30-
35% para lipidos y 50-60% para carbohidratos, coinci-
diendo esto con otros estudios?+28. En cuanto al tipo de
lipidos existe exceso de acidos grasos saturados, frente
a una carencia en acidos grasos monoinsaturados y po-
linsaturados. Otros estudios, como el llevado a cabo en
Reus entre 1983 y 1993, sobre una muestra representa-
tiva de 941 sujetos de entre 10 y 69 afios pone de ma-
nifiesto como el tanto por ciento de energia a partir de
los lipidos y las grasas saturadas aumenta significativa-
mente durante la década de seguimiento, estando por
encima de las recomendaciones??. Los valores de coles-
terol superan las recomendaciones para todos los grupos
de seguimiento (>300 mg/dia). Estos resultados coinci-
den con otros estudios realizados en Espafia como el re-
alizado en Ledn por Capita y Alonso-Calleja en 1.000 per-
sonas entre 20 y 40 afios, en el que el consumo diario de
colesterol fue 440,8 mg (hombres) y 359,1 mg (muje-
res)30, Mas proximos a nuestros resultados son los en-
contrados en otro estudio realizado en Granada con una
muestra de 288 sujetos de entre 6 y 18 afios que mues-
tras que el 48.8% de la poblacion estudiada ingiere <300
mg/d frente a un 35.5% que supera los 400 mg/d3L.

Las deficiencias que percibimos en la muestra en
cuanto a micronutrientes coincide con las deficiencias
encontradas en otros estudios, como el realizado en
Canarias por Serra et al*2 en el que se cuantifico la in-
gesta de energia y nutrientes sobre una muestra de
1.747 participantes entre 6 y 75 afios. Un elevado por-

Nutr. clin. diet. hosp. 2009; 29(1):26-32

centaje de la poblacion estudiada presentd ingestas por
debajo de 2/3 de las ingestas recomendadas (IR) para
vitaminas D (92,5%), E(87,4%) y A (74%), acido fdlico
(44,7%), hierro (30,1%), magnesio (14,9%) y vitamina
C (5,4%). El estudio eVe sobre las vitaminas en la ali-
mentacion de los espafioles encontrd una ingesta me-
dia de folatos de 267 pg/dia en hombres y 252 ug/dia
en mujeres, ambos por debajo de las ingestas reco-
mendadas; el aporte medio de vitamina A represento el
67% de las IR en varones y el 83% en mujeres; vita-
mina E: 76% en hombres y 69% de las IR en mujeres.
Tampoco quedaron cubiertas las de vitamina D: 57,9%
y 48% de las IR en hombres y mujeres respectivamen-
te33. El estudio llevado a cabo por Arias-Rodriguez34 en
los comedores de colegios publicos de Tenerife sobre
una muestra de 8411 sujetos con edades comprendidas
entre 4 y 12 afos encuentra deficiencias en el aporte
de vitaminas B2, D, E y en los minerales yodo, hierro y
zinc, sobre todo para los nifios de mayor edad.

Conclusiones y recomendaciones

En funcion de los resultados obtenidos parece conve-
niente realizar algun tipo de intervencion nutricional
que sirva como mejora de habitos alimenticios en los
nifios y jovenes escolarizados en Granada. Esta mejora
de habitos ayudaria a paliar enfermedades derivadas de
estos desequilibrios nutricionales como es el caso de la
obesidad. Se deberia fomentar el incremento de la ac-
tividad fisica de tipo moderado o vigoroso entre esta
poblacién de forma que lo adoptaran como un habito y
pudiese compensar algunos desequilibrios dietéticos
observados, ademas de por sus beneficios directos so-
bre enfermedades como esta.
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1
RESULTS OF A 7-WEEK SCHOOL -BASED PHYSICAL ACTIVITY AND NUTRITION
PILOT PROGRAM ON HEALTH -RELATED PARAMETERS IN PRIMARY SCHOOL
CHILDREN IN SOURTHERN SPAIN.

ABSTRACT

The goal of this study was to determine the effect of nutrition education combined with sessions of
vigorous extracurricular physical activity (VEPA) on the improvement of health related parameters
in children in primary education. The sample group consisted of 54 children in the fifth year of
primary education divided into two groups: an intervention group (IG) of 25 students and a control
group (CG) of 29 students. The intervention lasted 7 weeks and consisted of 13 sessions of VEPA
combined with sessions of nutritional education that were attended by the students in the IG as well
as their parents. During the intervention the IG showed a decrease in the body fat percentage, total
cholesterol, cholesterol linked to low-density lipoproteins and blood pressure, together with an
increase in cholesterol linked to high-density lipoproteins, and an improvement in the maximum
oxygen uptake and dietary intake profile compared to the CG, which showed an increase in the
percentage of fats and no significant changes (P<0.05) in other parameters. The results of this study
provide evidence that a 7-week program of nutritional education and vigorous short-duration

physical activity can improve health related parameters in children.

KEY WORDS: Nutrition, physical activity, health, children.
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INTRODUCTION

Physical inactivity is considered to be one of the main problems of public health in the 21st
century (5). Engaging in regular physical activity is widely accepted as an effective preventative
measure for a variety of obesity related chronic diseases including diabetes, metabolic syndrome
and cardiovascular diseases. An increase in aerobic capacity is inversely related with certain health
parameters in youth, such as the lipid profile, insulin resistance, arterial resistance and fat mass
(21). Studies report that the greatest decreases in physical activity occur during early to late
adolescence, a critical period of child growth and development. This decrease is correlated with a
rapid increase in the prevalence of children who are overweight or obese.

In Spain, the association between saturated fatty acids and plasma cholesterol levels in
children has been found to be similar to that observed in adults. The consumption of saturated fatty
acids induces an increase in plasma LDL cholesterol levels and is associated with higher
cardiovascular risk (29). Diets with less saturated fat are associated with better food intake,
nutritional profile and plasma lipid profiles. Through research into the prevention and treatment of
adult diseases, it has become clear that many originate in childhood (16) and as illustrated in this
review such antecedents are largely a function of the nutrition, physical activity, and other habits of
developing children.

Results gathered in international research show that diet, physical activity and sedentary
behavior are “universal” factors contributing to the risk of excessive mass among the young (10).
Mainly because of technological advances and social change (4), there is a high percentage of
Spanish youth today that has a sedentary lifestyle and is resistant to change (34). These behavioral
alterations include changes in eating habits, with an increase in consumption of foods with high
calorie content and rich in saturated fats, and a lower consumption of unrefined carbohydrates.
Maintaining a balanced diet adapted to the different stages of life is important for the healthy
physical and psychological growth of the individual, in order to prevent illness and obtain an

optimum level of health (6).
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The typical paradigm used to view pediatric obesity is based on common knowledge derived
from the adult experience. This suggests that reducing energy intake and introducing physical
activity into the lifestyle will create an energy deficit resulting in mass loss. The results of a recent
study (15) illustrate the need for the problem of pediatric obesity prevention to be viewed in a
different light. It is noteworthy that this study found lower levels of percentage body fat to be
associated with higher amounts of vigorous physical activity, but not with moderate physical
activity. Other studies have also found that relatively active young people tend to consume more
energy and accumulate less fat than inactive youths (22).

The American Heart Association (AHA) has identified the importance of prevention and
treatment, based on studies of vigorous physical training in obese children and adolescents during
after-school hours that have demonstrated improvements in some physiological risk factors (25).
The American Academy of Pediatrics (2) recommends increasing the amount of daily physical
activity engaged in by students in US schools. Exercise has been shown to reduce systolic and
diastolic blood pressure over 8 months in children with hypertension.

The aim of our study was to determine the effect of nutritional education given to children
and their parents combined with sessions of vigorous extra-curricular physical activity (VEPA) on
the improvement of health-related parameters in primary education students. Our hypothesis was
that the intervention program would improve the fat profile, aerobic capacity, blood pressure, and

blood cholesterol, while nutritional habits would also improve.

MATERIAL AND METHODS
Participants

We chose two schools in a similar rural environment and with the same socio-economic
status. Students were aged between 10 and 11 years (M = 10.6+0.4). Within each school there were
two fifth-year classes made up of 25 pupils (classes A and B). The program consisted of one control

group (CG) and one intervention group (IG). The CG was made up of class A from each school and
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4
the IG group was made up of class B from each school, giving 50 pupils in each group. Class A and
B were homogenous but entirely independent within each school. The chance to participate was
offered to the parents of all the children regardless of BMI. Out of a total of 100 pupils, 64 decided
to participate (64%), these were divided into a CG and an IG containing 32 pupils each. In the CG,
three pupils failed to complete some or all of the post-test exercises and were eliminated from the
study, while in the I1G seven pupils failed to complete the process. This left 25 children (15 boys and
10 girls) in the IG and 29 children (10 boys and 19 girls) in the CG. A total of 27.59% and 36%
presented as overweight or obese in the CG and IG respectively. Overweight or obesity was defined
according to international criteria (7).

The Tanner and Whitehouse stage of sexual maturity was established by a trained researcher
of the same sex as the young person via brief observation of the mammary development in females
and genital development in males. All the participants in the study were found to be in stages 1 or 2
with no significant differences between the sexes for any of the studied parameters, thus this aspect
was not taken into account when forming the 1G and CG.

All children were healthy and were not undergoing any medical treatment. All the
participants took part voluntarily in accordance with the Declaration of Helsinki regarding ethical
research. The ethical committee of the University of Granada for human research approved the
study. Informed consent was also obtained from all of the children’s parents.

Intervention

This is a pilot study for a wider research project in which we shall examine the health
benefits of physical exercise and nutritional intervention both separately and in combination. The
intervention will be carried out over an extensive period in order to see whether changes occurring
to the parameters increase or remain steady over time.

The intervention consisted of thirteen 60-minutes sessions of physical activity held twice a week. In
addition nutritional education sessions lasting approximately 2 hours each were provided to both

students and their parents with parents completing 4 and the student completing 2. The study was
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carried out for 7 weeks between April and June 2010. The intervention consisted of thirteen 60-
minute sessions of VEPA [80% of the maximum heart rate (MHR) for 35-40 minutes, 60-70% of
the MHR for 10-15 minutes, and 50-60% for 5-10 minutes] twice a week (scheduled between 4:30
and 5:30 p.m.). Physical activity was controlled by means of heart rate monitoring (Polar RS800cx
pulsometer). The aim of the training sessions was to improve aerobic capacity, using physical
activity such as motor skills, games and sports, specifically targeted for health gains. Play was used
in all the activities to motivate the students and achieve the desired level of physical activity. All
games and tasks were designed and developed by a group of experts in education and sports science
and were directed by the same supervisor. The methodology has been put into practice in previous
studies and was adapted to the age of the participants for this study. Only students who attended
more than 75% of sessions were included in the intervention group; those not completing the
sessions were excluded from the study. Out of a total of 32 pupils, 26 completed over 75% of the
sessions (81.25%).

The nutritional education sessions informed participants about the benefits of healthy diets
and lifestyle. Nutritional education involved both parents and students. For parents, there were four
classes of nutritional education, each lasting approximately 2 hours (16:00 to 18:00). There was one
session per week for the first 4 weeks of physical intervention. Either one or both parents could
attend the sessions. For children, there were two nutritional education sessions during school hours
(tutorial hours), each lasting about 1 hour. One session was held per week for the first 2 weeks of
physical intervention. It was compulsory for pupils to attend both nutrition sessions held during
school time. All of the 32 initial participants attended these sessions (100%). Pupils were
considered fit to participate as participants for the IG if they participated in over 75% of the school
physical activity sessions, attended the two sessions on nutritional education, and had at least one
parent attend over 75% of the parental educational sessions. Out of a total of 32 pupils, 25 fulfilled

these conditions (78.1%).
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130 During the intervention period, the CG continued doing the same activities as they were
131 doing before the intervention (they did not receive intervention). They participated in pre and post-

132 test measures only to provide a comparison to the IG and identify any changes in parameters.

133 Measures

134 The following variables were measured in the pre-test as well as in the post-test:

135 Aerobic Capacity. The maximal oxygen uptake (VO,max) was estimated with 20 meter
136  Shuttle Run Test. This test is a 20 m incremental-maximum shuttle field test, employing the
137  equation proposed by Ruiz et al. (31) to estimate the VO,max. The "Shuttle Run Test" or "Course
138  Navette Test" involves running to and fro between two lines 20 m apart. Participants start at an
139  initial velocity of 8.5 kph, and increase their speed by 0.5 kph for every 20 m covered as indicated
140 by an audio recording played on a validated CD-ROM. The test concludes when the subject is
141  unable to reach the line on two consecutive occasions at the speed demanded by the audio
142 recording.

143 Anthropometric Data. Following all the considerations of the International Society for the
144  Advancement of Kinanthropometry (ISAK) (20), all anthropometric measurements were carried out
145 at the same place by an ISAK-certified level II anthropometrics researcher. The following
146  instruments were used: GPM Stadiometer (+1 mm accuracy); Tefal scale (+ 50 g accuracy); Holtain
147  skinfold compass (= 1 mm accuracy); Holtain caliper (1 mm accuracy); Holtain flexible metallic
148  metric belt (1 mm accuracy). The following measurements were taken: height, weight, skinfolds
149  (triceps, biceps, subscapular, suprailiac, supraspinal, abdominal, thigh, and calf), perimeters (waist,
150  hip, relaxed biceps, flexed and contracted biceps, thigh and calf), and diameters (bicondylar
151  humerus, bistiloid and bicondylar femur). The Body Mass Index (BMI) was calculated from height
152  and weight. Using the Slaughter equation, we compared the results gathered from the sum of the 6
153  skinfolds (triceps, subscapular, supraspinal, abdominal, thigh, and calf), 8 skinfolds (triceps, biceps,

154  subscapular, suprailiac, supraspinal, abdominal, thigh, and calf) and fat percentage.
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Blood Biochemistry. We used venous blood analysis to determine the health-related
biochemical components. The analysis was performed in the morning after a 12 hour fast. Ten
millilitres of whole blood samples were taken from each subject by venipuncture using vacutainers
and stored in containers with ice packs to maintain the temperature between 3 and 4°C. Blood was
centrifuged at 3,000 rpm for 15 minutes for plasma separation using a bench centrifuge and 1.5 ml
aliquots pipetted into plastic Eppendorf tubes. The aliquots were then stored at -80°C until further
analysis. The following parameters were measured: total cholesterol (TC) (mg/dl), HDL cholesterol
(cHDL) (mg/dl), LDL cholesterol (cLDL) and triglycerides (TG) (mg/dl). TC, cHDL and TG were
determined using commercially available enzymatic colorimetric assays (Sigma Diagnostics, St.
Louis, MO) on an automated ACE analyzer. cLDL was calculated by the Friedewald equation. (13).
Blood Pressure. Both systolic and diastolic blood pressure measurements were taken
using an OMROM M7® monitor (Omrom Health Care, Ukyo-ku, Kyoto, Japan) and a cuff on the
right arm, according to the recommendations of the European Hypertension Society (24), and with
the greatest care, following the method stipulated by international guidelines (19). Resting blood
pressure was determined in situ on the morning (casual blood pressure) of the pre and post tests
with measurements taken at the same time of day on each occasion. Participants were instructed to
sit quietly for 5 min with their right arm rested at heart level and their feet flat on the floor. Three
blood pressure readings were taken at 5, 7, and 9 min, and the cuff was then removed. An average
blood pressure measure was calculated.

Dietary Changes. All the pupils completed two dietary intake diaries, one before the
intervention and another after. Diaries were for 3 consecutive days and included at least one
weekend day. All children and their parents were instructed to fill out the forms using weights and
home measurements, noting all the food they consumed both at home and outside.

Healthy Habits Survey. Together with the dietary intake diaries, the pupils also completed a
questionnaire (Krece Plus) (32) on their dietary habits and lifestyle, with consideration of adequacy

of intake to the Mediterranean diet. The surveys were administered by trained personnel, with the

Human Kinetics, 1607 N Market St, Champaign, IL 61825



181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

Pediatric Exercise Science

8
aim of evaluating the physical, psychological, and nutritional status of the participants. The sum of
answers 7 and 8 gave an evaluation of physical activity on a scale of 0-10, while the sum of
questions 9 to 23 gave an evaluation of dietary habits on a similar scale. According to the scores
obtained, the children’s feeding was classified as having a very low nutritional level (< 3), medium
nutritional level (4-7), or high nutritional level (> 8). This test also classifies the lifestyle based on
the average time in hours the children spend watching television or playing videogames, and the
hours spent weekly in sporting activities outside school, with scores classified as being bad (0-3),
average (4-6), or good (> 7).

Data Analysis

For all measures the investigators were blinded to the grouping. Normality of the data was
analyzed using the Shapiro-Wilk test. A series of 2 (gender) x 2 (group: intervention vs. control)
ANOVAs assessed gender differences in the outcome variables at pre and post time points. There
was no significant main effect of gender on any of the tested outcome variables at pre- (p>.05) or at
post-intervention (p>.05). The interactions between group and gender were also not significant
(p>.05). Based on these results further analyses were not stratified by gender. We carried out the T
test or Wilcoxon test for two related samples comparing the variables of aerobic capacity, blood
composition, blood pressure, and dietary changes. We used the Chi-Squared parameter or the
McNemar test to evaluate the changes produced in the results of the Krece Plus test and to compare
two categorical variables. DietSource 3.0 was used to evaluate macronutrients. All analyses were
made using the SPSS 19.0 statistics package. The level of significance was established at 0.05. The
statistical power test was performed for all variables, and type II error probability associated with

this test of null hypothesis was 0.05.

RESULTS

Maximal Oxygen Uptake
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We found no significant differences between the IG and CG in the pre-test (43.45 £ 2.56
ml/kg/min VS. 42.95 + 2.99 ml/kg/min). For CG there were no significant differences between pre-
test and post-test (42.95 = 2.99 ml/kg/min VS. 43.25 + 3.29 ml/kg/min), however the IG showed
significant (p<0.01) improvement after treatment (43.45 + 2.56 ml/kg/min VS. 45.95 + 4.26
ml/kg/min). At post-test values were significantly higher in the 1G relative to the CG (45.95 + 4.26
ml/kg/min VS. 43.25 + 3.29 ml/kg/min).
Anthropometric Parameters

The results show a statistically significant increase in weight between the pre-test and post-
test values of both groups. However, BMI increased significantly only in the CG, remaining stable
in the IG (Table 1). The CG shows a statistically significant increase for the sum of the 6 skinfolds,
sum of the 8 skinfolds and fat percentage. Conversely, we observed a slight decrease in the sum of
the skinfolds and fat percentage in the IG. Comparison of post-test values between the CG and the
IG also show the IG to exhibit significantly lower fat percentage.
Blood Pressure and Blood Composition

As shown in table 1, students in the IG showed significant reductions in both systolic blood
pressure (SBP) and diastolic blood pressure (DBP) (p<0.05). In contrast the CG showed no such
changes. The IG achieved statistically significant reductions in TC and cLDL (p<0.01) between pre
and post test. In addition DBP, CT (p<0.05) and cLDL (p<0.01) measured at post-test were
significantly lower in the IG relative to the CG.
Dietary intake in 72-Hour Regimen

The calorie profile of the diets analyzed before intervention showed an excess of proteins
(15.4% CG and 15.2% 1G) and fats (40.2% CG and 36.3% IG), and a lack of carbohydrates (44.4%
for CG and 48.5% for IG). This is inadequate to recommendations for the Spanish population of;
10-15% proteins, 30-35% fats, and 50-60% carbohydrates (Table 3). Cholesterol levels were higher
than recommended (<300 mg/day) for both groups (CG: 439.9 mg/day, 1G: 466.6 mg/day).

Throughout the intervention, the IG experienced changes in calorie profile, adjusting to the Spanish
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recommended levels (Table 2). At post-test the IG showed significant reductions in cholesterol,
however levels remained higher than values stated by the recommendations (Table 2).

Krece Plus Test

At post-test the IG showed increased levels of physical activity relative to pre-test (Table 3).
In addition post-test values regarding the dietary variable were significantly better in the IG relative
to the CG. Following the intervention the IG showed a tendency towards improvement for all items
on the questionnaire. This reached significance for the following items (p<0.05): hours of daily
physical exercise, hours of television per day, cereal breakfasts and pasta or rice consumption less

than three times per week (Table 3).

DISCUSSION

The rising prevalence of childhood obesity represents a major public health crisis, because it
is associated with considerable risks to the child’s present and future health (12). Our study
demonstrates that a program combining physical activity and nutritional education and conducted
within the school environment can produce significant improvements in various health-related
variables. In this study, while the CG experienced significant deterioration in most measured
variables, the IG showed significant and consistent improvements.

Vigorous physical activity can reduce overall body fat while simultaneously increasing bone
and muscle mass. A child can therefore improve their body composition with no significant
reduction in weight or BMI (9). This may have occurred during the present study which detected no
significant change in BMI despite increases in weight. We therefore suggest that other body
composition indices may be more appropriate for use in future studies.

There are many papers describing intervention programs targeting obesity within pre-
pubertal children and adolescents. Such interventions are based on physical activity, sometimes in

combination with controlled diets or nutritional education for families. However, it is noteworthy

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Page 10 of 21

65



Page 11 of 21

66

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

Pediatric Exercise Science

11
that most of the studies are performed with an overweight or obese population whereas we focused
on prevention with a sample including normal weight children.

A recent study (8) successfully improved the plasma glucose, insulin, cLDL and
triglycerides of overweight pre-pubertal children by introducing a physical-activity program, a
parental dietary-modification program, or a combination of the two. There were no changes in DBP,
cHDL or TC. Similar results had been found in another study using obese pre-pubertal children
(12). This showed reductions in whole body and abdominal fat, TG, TC and cLDL and increases in
fat-free mass. Resaland et al. (26) found similar changes after a school-based physical activity
intervention.

Importantly, early reports have suggested that regular exercise may have beneficial effects
on cardiovascular risk factors particularly in obese children. In our study we observed changes in
health-related parameters in a school population of healthy pre-pubertal children. Hypertension is
considered to be an important cardiovascular disease risk factor, contributing to around 50% of
coronary heart disease. Multiple epidemiological studies have described an inverse relation between
level of habitual physical activity and blood pressure (33). The decrease in SBP for the IG observed
in our study corresponds with other studies using obese children (12, 8). To our knowledge, just one
recent paper (26) describes improvements in systolic and diastolic blood pressure in 9-year old
children after a physical activity intervention at school.

In our study, the levels of serum lipids obtained are similar to those obtained by Ruiz et al.
(30) in a representative sample of Spanish adolescents. Ben Ounis et al. (3) also combined physical
activity and dietary restriction over two months and similarly reduced the TC and cLDL of a group
of 24 obese adolescents between the ages of 12 and 14 years. In addition significant improvements
to cHDL and TG were observed.

Collins et al. (8) found important changes in biochemical parameters after a 6-month
intervention. Beneficial developments in blood pressure and the lipid profile have also been found

after a 2-year intervention (26). Most studies propose a daily physical activity program at school (2,
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11, 26) even for pre-school children (18). The program structures are usually very different,
however the majority last between 10 to 12 weeks and consist of three 30-60 min sessions a week
(11). The present study observed changes in health related parameters with an exercise program of
just 7 weeks. The physical activity program was performed twice a week, with sessions lasting 60
minutes.

In our study, a vigorous physical activity program was achieved. Other authors found that
interventions with obese children are more effective when the emphasis on vigorous physical
activity is increased (15). Previous studies have shown that aerobic fitness was inversely associated
with metabolic risk. However, aerobic fitness level is still not well recognized as a screening tool in
pediatric populations (1). As schools provide an opportunity to promote lifestyle change and health-
related fitness, school-based programs which assess aerobic fitness could play a pivotal role in
identifying high-risk children and supporting them to engage in physical activity.

It is notable that successful interventions often involve the whole family (14), as parents can
be important role models, particularly for younger children. This was apparent in our study, as both
the participating children and their parents committed to making lifestyle changes. Other authors
such as Collins et al., (8) have encouraged parental involvement, suggesting that future treatment
programs may need to target parents, especially when interventions include a dietary program.

In addition to increasing vigorous physical activity other methods exist which can reduce
negative habits. These methods relate to time spent sitting in front of a computer, consumption of
sugary beverages and excessive snacks, dietary composition and eating habits. Reviews of
interventions targeting childhood obesity indicate that a combination of a reduction in sedentary
behavior, exercise, and nutritional programs could drastically improve body fat loss (27). In the
present research, the students in the IG showed significant improvements in the hours spent
watching TV per day, physical exercise, and the number of points earned for their nutrition habits,

all of which may have resulted in significant fat loss.
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The dietary profile developed from the diets analyzed at pre-test is clearly unbalanced with a

high percentage of calories obtained from proteins and fats, and a low percentage of calories
obtained from carbohydrates. This situation is typical in Spain and other countries whose dietary
habits could be classified as Mediterranean (23). Some authors to have analyzed the diet of school-
aged children from Spain found significant differences for lipid levels depending on saturated fat
intake (28). In our study, the high ingestion of proteins coincides with other studies carried out in
Spain and agrees with the general tendency in the Spanish population to consume high amounts of
meat and meat products (17). Regarding carbohydrates, the daily intake was lower than

recommended which is similar to that found in other studies (27).

CONCLUSIONS
The results of this study provide evidence that a 7 week program incorporating vigorous
short-duration physical activity and a nutritional education component carried out at school can

improve health-related parameters in children.

LIMITATIONS AND FUTURE RECOMMENDATIONS

The results obtained in this study must be understood in the context of several limitations.
Firstly, we recognize that the sample size is small and therefore it is not representative of the
population of 10-11 years-old in southern Spain. However, this enabled us to have greater control
over delivery of the intervention so implementation could be consistent for all participants e.g. all
participants received the same instructor for all components thus receiving identical information.

Secondly, the heart rate monitors were used exclusively to control the intensity of physical
activity sessions. Future study could use accelerometry or heart rate monitoring continuously
throughout the day to provide more detailed information on total physical activity and enable closer

control of physical activity programs.
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Thirdly, groups were made up of pupils from within the same school and the occurrence of
contamination is not known. However, this method was chosen to make groups more homogenous
and reduce influences on the physical activity levels of children resulting from having different
physical education teachers. The classes were also independent making contamination less likely.
Finally, the results obtained do not show the cause and effect of health-related parameters. The
intervention consisted of numerous components; exercise, nutritional education and lifestyle

education. Independent effects of each component cannot therefore be determined.
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463 Table 1: Changes produced in the body and blood profile after a short-term nutritional and physical intervention.
CG I1G
Pre-test Post-test Pre-test Post-test Power

SBP (mmHg) + SD 98.7+17.0 96.8+13.2 100.8+8.2 97.0+7.1° .869
DBP (mmHg) + SD 60.8+£10.0 58.9+7.9 59.0+6.5 54.3+43%% 942
TC (mg/dl) + SD 161.8+19.1 155.9+19.4 156.1+23.4 140.5+15.8™* 997
cHDL (mg/dl) + SD 51.9+14.8 52.6+12.0 49.2+9.4 54.3+7.9 815
cLDL (mg/dl) + SD 93.9+23.4 93.3+11.6 93.5+21.0 73.3£13.47% 897
TG (mg/dl) + SD 67.3£21.7 64.1+£25.2 68.9+28.7 71.5+£26.0 857
Weight (kg) + SD 39.1£10.3 41.9+11.7" 45.2+11.7 46.0+11.8"™ 976
BMI (kg/m’) + SD 19.17+4.14 19.34+4.06" 21.20+3.88 21.22+3.86 821
Fat % (Slaughter) £ SD  17.3 £6.3 18.1+6.4" 15.0+5.7 14.7 £5.4* .806
6 Fold Sum+ SD 103.6 + 46.9 109.2 +49.8" 98.4 £39.7 95.8+37.2 915
8 Fold Sum+ SD 1333+60.9  140.9+63.97  1264+514  124.6+49.1 822

464 ek ek gionificant differences between Pre-test-Post-Test in both groups at the level of p<.03, p<.01, p<.001 respectively

465 +, ++: significant differences between Pre-test vs. Pre-test and Post-Test vs. Post-test at the level of p<.05, p<.01 respectively

466 CG: Control Group IG: Intervention Group; SBP: Systolic Blood Pressure; DBP Diastolic Blood Pressure; TC: Total Cholesterol; cHDL: cholesterol

22273 linked to High Density Lipoproteins; cLDL: cholesterol linked to Low Density Lipoproteins; TG: Triglycerides
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484 Table 2. Comparison of macronutrient ingestion and cholesterol for the CG and IG

CG 1G
Pre-test Post-test Pre-test Post-test Power
Energy (Kcal) + SD 2371+£608 23704546 23094554 22184498 957
Proteins (g) + SD 91.4+£18.6 90.5+17.7* 87.9£21.0 77.0+£12.4 .853
(%) (15.4%) (15.3%) (15.2%) (13.9%)
Carbs (g) + SD 263.0£79.8 262.8+£80.0 280.0£80.1 299.1+68.2 .836
(%) (44.4%) (46.3%) (48.5%) (53.9%)
Fats (g) + SD 105.9+£28.7 106.3+28.5" 93.0+19.6 79.3+18.3" 965
(%) (40.2%) (40.4%) (36.3%) (32.2%)
Cholesterol (mg) + SD 463.9£169.6  457.9+172.0" 466.8+182.2 322.6+90.0" 999
485 *_%; significant differences between Pre-test-Post-Test in both groups at the level of p<.05, p<.01 respectively
486 +, ++: significant differences between Pre-test vs. Pre-test and Post-Test vs. Post-test at the level of p<.05, p<.01 respectively

487 CG: Control Group IG: Intervention Group
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509 Table 3. Results obtained from the Krece Plus Test.
Group Pre-test Post-test p value
Physical CG 478+1.85 4.87+1.49 .619

Activity + SD (points) 1G 5.56 £1.29 6.95+1.03 .004°
p value 442 .002°
Dietary CG 561157 591+£1.62 .564
Habits + SD (points) IG  632+153 753+139 261
p value 432 .032°
Hours of CG 1.55+%1.27 1.30 .97 961

Phys. Exercise +SD  IG ~ 1.84+1.17  284+.69  .003°

(hours/day)
p value .692 .000°
Hours of CG 1.71 £ 1.05 1.39 + .89 351
Television+ SD IG  1.32+.89 95+.97  .003
(hours/day)
p value 316 .269
Cereal/similar CG 72 £ .46 .64 £ .49 581
Breakfast. + SD (% 1G 53+ .51 95+ .23 .008°

consumption per day)

p value 137 016
Pasta or Rice CG 43 + .50 .61 +.50 .549
+3 times/wk + SD (% 1G A7+ 51 .84 + .38 .016
consumption)
p value 497 .092
510 p<.05%, p<.01°, p<.001°CG: Control Group IG: Intervention Group
511
512
513
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ABSTRACT

Objective: To determine the effects of nutritional education and vigorous
extracurricular physical activity both individually and combination on healthy related
parameters in children in primary education

Material and Methods: The sample group consisted of 134 children (9-11 years)
divided between five groups: 41 students in the control group (GO0), 28 students in the
physical activity intervention group (G1), 21 students in nutritional education group
(G2), 25 students in a combined intervention group (G3), and 19 also in a combined
intervention group but with additional substitution of normally used oil for EVOO.
Results: Students in the groups receiving physical activity reduced their fat percentage
and increased muscle post intervention, whereas group G2 and GO increased their fat
percentage. At post-test the lipid profile improved in all intervention groups, whereas
total cholesterol significantly increased in the GO group. The proportion of
macronutrients and dietary cholesterol improved in the groups receiving nutritional
education, with no significant changes observed in other groups.

Conclusions: Interventions providing nutritional education and vigorous extracurricular
physical activity and conducted within the school can improve healthy related

parameters in children.

Key-words: Nutrition, physical activity, health, children



INTRODUCTION

Physical inactivity is considered to be one of the main threats to public health in
the 21st century®. Physical activity is negatively associated with overweight and
obesity’, and positively associated with cardiovascular health in young people®.
Increases in aerobic capacity are inversely related improvements to specific health
parameters in youth, including the lipid profile®, insulin resistance®, fat mass® and
parameters associated with metabolic symdrome®.

Nutrition has been labeled as one of the main modifiable determinants of chronic
diseases’. Establishing healthy eating habits during childhood and adolescence is
important, since it has been shown that food preferences and eating habits are
established in early childhood and can persist into adulthood®. Research suggests that
many children consume sugar, salt and saturated fats in excess of recommended
amounts and at the same time fail to consume the recommended amounts of fresh fruit
and vegetables. The abandonment of the Mediterranean lifestyle in the Western world®
has highlighted the need to promote the traditional Mediterranean Diet (DM) among
pupils in schools with a view to improving dietary habits. A large number of studies
have demonstrated the beneficial effects of specific components of the DM on weight
loss'®, abdominal obesity®, insulin resistance’?, risk of diabetes mellitus*® and
cardiovascular diseases™.

Following on from studies which have demonstrated improvements in some
physiological risk factors™ using vigorous physical training programs with obese
children and adolescents during after-school hours, the American Heart Association
(AHA) has recognized the importance of prevention and treatment. In addition, it is
important to involve parents in healthy interventions, as parents have a strong influence

on the eating habits of young people and adolescents™.
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The aim of our study was to determine the effects of nutritional education and
vigorous extracurricular physical activity both individually and in combination on

health related parameters on children in primary education.

MATERIAL AND METHODS
Participants

We chose five schools in a similar rural environment and with the same socio-
economic status. Students were aged between 10 and 11 years (M = 10.7+0.5). The
opportunity to participate was offered to the parents of all the children regardless of
body mass index (BMI). The sample was randomized at school-level into 5 groups;
each school belonged to a different group and received a different intervention. The
program consisted of one group which did not receive any intervention (GO; n =41, 20
boys and 21 girls). A group which received physical activity intervention (G1; n = 28,
13 boys and 15 girls). A Group in which parents and pupils received nutritional
education sessions (G2; 21, 10 boys and 11 girls. A group which received both of the
above interventions (G3; n= 25, 14 males and 11 girls). The final group did the same as
G3 and also replaced the oil that they normally consumed with extra virgin olive oil
(EVOO) during the final month of the intervention (G4; n = 19, 11 boys and 9 girls).
Out of a total of 242 pupils, 162 decided to participate (66.9 %), and 134 completed the
intervention (55.3 %). A total of 50.2%, 39.2%, 20.1%, 32% and 42.1% presented as
overweight or obese in GO, G1, G2, G3 and G4 respectively. Overweight or obesity was
defined according to international criteria®’.

The Tanner and Whitehouse®® stage of sexual maturity was established by a
trained researcher of the same gender as the young person via brief observation of the

mammary development in females and genital development in males. All participants

4



were found to be in stages 1 or 2 with no significant differences between the sexes for
any of the studied parameters. This aspect was therefore not taken into account when
forming the IG and CG.

All children were healthy and were not receiving any medical treatment. All the
participants took part voluntarily in accordance with the Declaration of Helsinki
regarding ethical research. The ethical committee of the University of Granada for
human research approved the study. Informed consent was also obtained from all of the
children’s parents.

Intervention

This study examined the health benefits of physical exercise and nutritional
intervention both separately and in combination and the effects of EVOO consumption.
The intervention consisted of thirteen 60 minute sessions of physical activity held twice
a week. In addition nutritional education sessions lasting approximately 2 hours each
were provided to both students and their parents with parents completing 6 and the
student completing 2. The study was carried out over 6 months between January and
June 2012. The intervention consisted of thirteen 60 minute sessions of vigorous
extracurricular physical activity (VEPA) [80% of maximum heart rate (MHR) for 35-40
minutes, 60-70% of the MHR for 10-15 minutes, and 50-60% for 5-10 minutes] twice a
week. Physical activity was controlled by means of heart rate monitoring (Polar
RS800cx pulsometer). The aim of the training sessions was to improve aerobic capacity
using physical activities specifically targeted for health gains such as, motor skills,
games and sports. Play was used in all the activities to motivate the students and achieve
the desired level of physical activity. All games and tasks were designed and developed
by a group of experts in education and sports science and were directed by the same

supervisor. The present methodology has been put into practice in previous studies and
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was adapted to the age of the participants for this study. Only students who attended
more than 75% of sessions (more than 36 sessions) were included in the intervention
group; those not completing the sessions were excluded from the study. Out of a total of
72 pupils, 61 completed over 75% of the sessions (84.7%).

The nutritional education sessions informed participants about the benefits of a
MD (high fruit, vegetable, legumes, fish, cereals, unsaturated to saturated fat ratio, and
low meat & meat products and dairy products) and lifestyle. Nutritional education
involved both parents and students. For parents, there were six classes of nutritional
education, each lasting approximately 2 hours. One session was provided each week for
the first 6 weeks of intervention. Either one or both parents could attend the sessions.
For children, there were two nutritional education sessions during school hours (tutorial
hours), each lasting about 1 hour. One session was held each week for the first 2 weeks
of intervention. It was compulsory for pupils to attend both nutrition sessions held
during school time. Seventy three of the 75 initial participants attended these sessions
(97.3%). Pupils were considered fit to participate as participants in nutritional groups if
they participated in over 75% of the school physical activity sessions, attended the two
sessions on nutritional education, and had at least one parent attend over 75% of the
parental educational sessions. Out of a total of 75 pupils, 58 fulfilled these conditions
(77.3%).

G4 each pupil’s parent received 2 liters of EVOO per week in the last month of
intervention. The parents formally agreed to substitute their normal oil consumption
with this oil every time they cooked.

During the intervention period, GO continued with their usual activities. They
participated in pre and post-test measures only to provide a comparison for the other

groups and enable identification of changes in any parameters.



Measures

The following variables were measured during pre-test and the post-test:

Aerobic Capacity. Maximal oxygen uptake (VO,max) was estimated using a 20
m incremental-maximum shuttle run field test, employing the equation proposed by

Ruiz et al*®

. The shuttle run test involves running to and fro between two lines placed 20
m apart. Participants start at an initial velocity of 8.5 kph, and increase their speed by
0.5 kph for every 20 m covered as indicated by an audio recording played on a validated
CD-ROM. The test concludes when the subject is unable to reach the line on two
consecutive occasions at the speed demanded by the audio recording.

Anthropometric Data. Following all the considerations of the International
Society for the Advancement of Kinanthropometry (ISAK)?, all anthropometric
measurements were carried out at the same place by an ISAK-certified level 11
anthropometrics researcher. The following instruments were used: GPM Stadiometer
(£1 mm accuracy); Tefal scale (+ 50 g accuracy); Holtain skinfold compass (x 1 mm
accuracy); Holtain caliper (1 mm accuracy); Holtain flexible metallic metric belt (1
mm accuracy). The following measurements were taken: height, weight, skinfolds
(triceps, biceps, subscapular, suprailiac, supraspinal, abdominal, thigh, and calf),
perimeters (waist, hip, relaxed biceps, flexed and contracted biceps, thigh and calf), and
diameters (bicondylar humerus, bistiloid and bicondylar femur). The body mass index
(BMI) was calculated from height and weight. We compared the results gathered from
the sum of the 8 skinfolds (triceps, biceps, subscapular, suprailiac, supraspinal,
abdominal, thigh, and calf), fat percentage using the Slaughter equation® and mass
percentage using the Poortman equation®.

Blood Biochemistry. We used venous blood analysis to determine the health-

related biochemical components. The analysis was performed in the morning after a 12
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hour fast. Ten milliliters sample of whole blood were taken from each subject by
venipuncture using vacutainers and stored in containers with ice packs to maintain the
temperature between 3 and 4°C. Blood was centrifuged at 3,000 rpm for 15 minutes for
plasma separation using a bench centrifuge and 1.5 ml aliquots pipetted into plastic
Eppendorf tubes. The aliquots were then stored at -80°C until further analysis. The
following parameters were measured: glycemia (GL) (mg/dl), total cholesterol (TC)
(mg/dl), HDL cholesterol (cHDL) (mg/dl), LDL cholesterol (cLDL) and triglycerides
(TG) (mg/dl). TC, cHDL and TG were determined using commercially available
enzymatic colorimetric assays (Sigma Diagnostics, St. Louis, MO) on an automated
ACE analyzer. cLDL was calculated by the Friedewald equation®.

Blood Pressure. Both systolic and diastolic blood pressure measurements were
taken using an OMROM M7® monitor (Omrom Health Care, Ukyo-ku, Kyoto, Japan).
The cuff was placed carefully on the right arm, following the recommendations of the
European Hypertension Society, and the method stipulated by international guidelines®.
Resting blood pressure was determined in situ on the morning (casual blood pressure) of
the pre- and post-tests with measurements taken at the same time of day on each
occasion. Participants were instructed to sit quietly for 5 min with their right arm rested
at heart level and their feet flat on the floor. Three blood pressure readings were taken at
5, 7, and 9 min, and the cuff was then removed. An average blood pressure measure was
calculated.

Dietary Changes. All the pupils completed two dietary intake diaries, one before
the intervention and another after. Diaries covered 3 consecutive days and included at
least one weekend day. All pupils and their parents were instructed to fill out the forms
using weights and home measurements, noting all the food they consumed both inside

and outside the home.



Data Analysis

For all measures the investigators were blinded to the grouping. Normality of the
data was analyzed using the Shapiro-Wilk test. A series of 2 (gender) x 5 (group)
ANOVAs assessed gender differences in the outcome variables at pre and post time
points. There was no significant main effect of gender on any of the tested outcome
variables at pre- (p>.05) or post-test (p>.05). Interactions between group and gender
were also not significant (p>.05). Based on these results further analyses were not
stratified by gender. We performed T tests and Wilcoxon tests for two related samples
to compare aerobic capacity, blood composition, blood pressure, and dietary changes.
DietSource 3.0 was used to evaluate macronutrients. All analyses were conducted using
the SPSS 19.0 statistics package. The level of significance was established at 0.05.
RESULTS
Maximal Oxygen Uptake

We found no significant differences between groups at pre-test. Neither GO nor
G2 demonstrated any significant differences between their pre- and post-test results,
however all groups which incorporated physical activity (G1, G3 and G4) showed
significant (p<0.01) improvements after intervention (table 1).
Anthropometric Parameters

All groups experienced an increase in weight between the pre- and post-test
which GO experiencing the greatest increase (p<0.001). BMI significantly increased in
group GO only (p<0.01). GO showed a significant increase in the sum of the 8 skinfolds
and in fat percentage at post-test. Conversely, we observed a significant decrease in the
sum of the skinfolds and fat percentage in G1, G3 and G4. At the same time these

groups significantly increased their muscle percentage (p<0.01). G1 and G4 were the
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only groups with a significantly decreased waist circumference and waist-hip ratio
(WHR). (Table 1).
Blood Pressure and Blood Composition

Table 2 showed the changes in blood pressure and blood composition between
pre- and post-test values. Systolic blood pressure (SBP) increased in GO and decreased
in the rest of groups, though significant reductions occurred only in G1 and G4
(p<0.01). Diastolic blood pressure (DBP) increased in GO, was unchanged in G2 and
decreased in the other three groups, with significant reductions in G1 and G3 (p<0.05).
G1, G3 and G4 achieved significant reductions in GL (p<0.05) and TC (p<0.05), with
no significant changes in the other groups. G4 was the only group showing significant
changes in HDL (p<0.05). The LDL level increased in GO and decreased in all other
groups with significant reduction in G1, G3 and G4 (p<0.01). TG showed a significant
reduction in G1, G2 and G4 (p<0.05) while the other groups showed significant
changes.
Dietary intake in 72-Hour Regimen

The calorie profile of the diets analyzed before intervention showed an excess of
proteins and fats, and a lack of carbohydrates. This is inadequate to meet the
recommendations; 10-15% proteins, 30-35% fats, and 50-60% carbohydrates, for the
Spanish population. Cholesterol levels were higher than recommended (<300 mg/day)
for all groups. Throughout the intervention, G2, G3 and G4 experienced changes in
calorie profile, making it more congruent with the Spanish recommended levels. At
post-test G2, G3 and G4 showed significant reductions in cholesterol (p<0.01), bringing

values loser to these stated by the recommendations (Table 3).
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DISCUSSION

The main findings of the present study suggest that a combination of physical
activity and nutritional education conducted over 6 months within the school
environment and, involving both parents and pupils, can have an influence on health by
promoting positive lifestyle changes.

The school environment is recognized as an important setting for childhood
health promotion interventions. Reviews have found that well-designed and well-
implemented school-based interventions can have positive effects on children’s
nutrition and physical activity behaviours®. Another important factor in childhood
health promotion, especially for younger children, is the use of parents as prominent
role model. The present study encouraged parental involvement. Other authors such as
Ventura et al?®® have found evidence of strong relationships between parenting practices
and their children’s eating, physical activity, and weight status. The promotion of
effective parenting therefore appears critical for prevention.

Many papers have described intervention programs targeting obesity within
children. Such interventions tend to focus on physical activity, sometimes in
combination with controlled diets or nutritional education. However, it is noteworthy
that most of the studies are performed with an overweight or obese population. In
contrast, the present study focuses on prevention with a sample which includes normal
weight, overweight and obese children.

Vigorous physical activity can reduce overall body fat while simultaneously
increasing muscle mass. A child can therefore improve their body composition with no
significant reduction in weight or BMI?. This may have occurred during the present

study as no significant changes in BMI were detected yet weight increased. We
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therefore suggest that other body composition indices may be more appropriate for use
in future studies.

Previous studies have shown that a decreased level of aerobic fitness in children
is inversely associated with body fatness, impairment of several cardiovascular disease
risk factors and hypertension®®. Our research shows that the pupils who increased their
vigorous physical activity also experienced reductions in body fatness, SBP and DBP,
and parameters related with cardiovascular risk e.g. CT, c-LDL and TG. Interestingly,
aerobic fitness level is still not well recognized as a screening tool in pediatric
populations®.

The decrease in SBP and DBP which occurred only in the groups that received
physical activity and nutritional education observed in our study corresponds with other
studies using similar children®. To our knowledge, just one recent paper® describes
improvements in systolic and diastolic blood pressure in 9-year old children after a
physical activity intervention at school.

Levels of serum lipids obtained after intervention in the present study are similar
to those obtained by Ben Ounis et al*?. This study also combined physical activity and
dietary restriction with a group of 24 obese adolescents between the ages of 12 and 14
years and found reductions in TC and cLDL over a two month period. In addition,
significant improvements to cHDL and TG were observed. Another recent study*
found improvements in plasma glucose, insulin, cLDL and triglycerides of overweight
pre-pubertal children by introducing a physical-activity program, a parental dietary-
modification program, or a combination of the two. Present findings suggest that
physical activity may overcome the deleterious effects of unhealthy dietary habits.

Similar conclusions were made by Cuenca et al** using an adolescents sample.

12



The dietary profiles developed using diets analyzed at pre-test were clearly
unbalanced and contained a high percentage of calories obtained from proteins and fats,
and a low percentage of calories obtained from carbohydrates. This situation is typical
in Spain and other countries whose dietary habits could be classified as
Mediterranean®. In our study, the high ingestion of fats, proteins and cholesterol, and
low ingestion of carbohydrates and fiber replicates findings from other studies
conducted in Spain®®. This is also consistent with the general tendency in the Spanish
population to consume high amounts of meat and meat products.

There is accumulating evidence to suggest that c-HDL and its main
apolipoprotein Al, may be increased by increasing olive oil in human diets*’. In the
present study the group which replaced the oil that they normally consumed with EVOO
showed improved c-HDL levels.

The results of this study provide evidence that a school-based program
incorporating vigorous physical activity, nutritional education for children and parents,
and replacement of normally used oils with EVOO, can improve health-related
parameters in children relative to children receiving just one or none of these

components.
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Table 1: Changes produced in the body profile and VO,max in different groups after intervention.

GO G1 G2 G3 G4
Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
Weight (kg) + SD 44.1+10.2 452410277 433+12.4  43.7+12.0° 358456  36.1+59  383+8.6  39.049.17  40.9+8.8 41.0+8.4
BMI (kg/m®) = SD 20.9+4.1 21.1+4.0" 19.743.4 19.743.3 17.842.3 17.842.6 18.7+3.4 18.8+3.5 19.743.5 19.543.1
Fat % (Slaughter) + SD 32.2411.0 33.4+11.2 29.7+8 .4 28.7+7.7° 23.448.5 23.448.2 27.948.8  26.9+82°  29.0+7.5 26.7£6.27
Mass % (Poortmans) + SD 40.4+3.5 40.8+3.8 41.7+2.6 42.3+42.8" 41.7+4.0 42.1+4.6 415444 427447 41.5+4.1 42.4+3.7
Waist (cm) = SD 70.1+10.9 69.6+10.0 68.4+11.6 65.849.6" 62.0£5.6 62.245.6 64.5+£8.2 63.848.6 69.4+7.9  65.5£7.37
WHR = SD .825+.066 815+.053 812+.066  .787+.050"  .814+.033  .817+.038  .803+.053  .798+.049  .851+.037  .799+.035
% 8 Fold (mm) = SD 128.2457.3 133.7+60.4™  114.2+49.2  107.1+41.9" 84.0+47.2  82.7+47.1  95.9+482 91.0£52.8° 105.8+42.5 97.1+34.9"
VO,max (ml/kg/min) + SD 43.243.2 43.243.8 41.842.1 438+3.1"" 434434 436445 437426 457442 429430  457+33""

* k% xxk: significant differences between Pre-test-Post-Test in different groups at the level of p<.05, p<.01, p<.001 respectively

BMI: Body Mass Index; WHR: Waist-Hip Ratio.
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Table2: Changes produced in the blood profile in different groups after intervention.

GO G1 G2 G3 G4
Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
SBP (mmHg) + DE 101.2+16.4 10424157 104.5+19.8  98.2+14.1" 98.349.1  96.7£10.8  98.0+11.7 96.147.9  102.6+11.0  96.6+9.8"
DBP (mmHg) + DE 56.7+8.9 59.6+7.9 62.2+7.8 57.9+8.4" 58.3+4.8  58.6£7.0  59.4+7.2 53.7+4.7 54.7+7.7 52.7+4.7
Glycemia (mg/dl) t DE  90.2+6.8 93.348.5 93.3+8.5 80.4+17.7"  91.08+10.8  91.8+8.1 939498  84.3+12.5°  88.5£9.6 75.8420.3"
CT (mg/dl) £ DE 155.3+23.5  168.3+28.3"  159.9£23.3  148.3+29.3"" 157.2431.9 148.7+32.3 15494225 139+17.5  158.4+16.8 145.3+31.6
¢cHDL (mg/dl) = DE 62.1414.9  62.4+149  52.6+12.3 57.6+11.2 56.1£13.1  582+11.0  50.9+10.9 55.948.0 54.6+11.3 63.8+14.6"
cLDL (mg/dl) £ DE 81.06+17.3  87.06£21.4  91.3+17.6  78.3+19.8""  84.1+20.9  76.9+23.9  90.1x19.2  70.3+13.7""  87.7+13.4  72.9+255"
TG (mg/dl) + DE 89.7420.7  86.4+19.1  80.4+27.4 70.0+28.3" 80.0+28.8  67.5425.4" 67.1423.5  68.6+20.3  78.9+34.3 69.1426°

* k% xxk: significant differences between Pre-test-Post-Test in both groups at the level of p<.05, p<.01, p<.001 respectively

SBP: Systolic Blood Pressure; DBP Diastolic Blood Pressure; TC: Total Cholesterol; cHDL: cholesterol linked to High Density Lipoproteins; cLDL: cholesterol linked to Low Density Lipoproteins; TG: Triglycerides
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Table 3. Comparison of macronutrient ingestion, cholesterol and fiber in different groups after intervention.

E (kcal) £ DE
Car (%) £ DE
Fats (%) £ DE
Prot (%) = DE
Fiber (g) £+ DE
Cho (mg) + DE

G1 G2 G3 G4

Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
1863+401 18934393  1988+316 18484277 20374324 19324294 2037+423  1831+189°  1966+341 19824279
47.1%5.7 45.0%5.3 47.3+4.7 46.64.4 44.8+4.6 50.0+2.4"" 47.0+4.3 48.9+2.6 47.9+6.3 50.9+3.6"
37.84.7 39.445.2 36.9+4.7 37.3#3.7 38.945.22 33.443.9" 37.3+3.8 35.5+2.1" 37.145.9 34.6+3.9"
15.3+2.6 15.8+2.3 15.9+2.1 16.4+2.3 16.3+2.3 16.4+2.2 16.0+2.7 15.3+1.8 15.0+2.2 14.5+2.6
11.1+3.6 10.3%3.2 11.0+2.5 9.5+3.2 13.2+4.2 14.1£3.2 12.8+4.0 13.242.7 11.242.9 12.743.0
322.3#113.5 350.6+71.6 390.2+128.5 408.3+125.1 350.5+108.8 262.9+87.8"  390.6+95.8 293.7+85.8 350.7+132.7 278.1+103.3"

* ) kx xxk: significant differences between Pre-test-Post-Test in both groups at the level of p<.05, p<.01, p<.001 respectively
E: Energy; Car: Carbs; Prot: Proteins; Cho: Cholesterol.
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Antioxidant activity of catalase in erythrocytes from healthy children:
Influence of moderate-vigorous physical activity and extra virgin olive

oil intake

Muros Molina J.J., Oliveras Lopez M.J., Martin F., Lopez Garcia de la Serrana H.

Introduction

Nutrition trends about health promotion and prevention of chronic diseases
appear to reduce oxidative stress. Regular physical activity together with a
Mediterranean diet has been widely accepted as the best strategies to prevent obesity
and reduce risk factors of chronic diseases. There is evidence that the prevention and
treatment of adult diseases must be initiated at childhood (Halfon et al, 2012; Muros et
al, 2013). The principal defense system against free radicals is formed by the
antioxidant enzymes, superoxide dismutase, glutathione peroxidasa, gluthatione
reductase and in particular catalase, which is one of the first systems of antioxidant
defense (Fang et al, 2002). Numerous recent studies have shown that intense levels of
physical activity may increase oxidative stress (Aguilo et al, 2005; Cases et al, 2006;
Revan et al, 2010). On the other hand, the potent antioxidant activity of phenolic
compounds from extra-virgin olive oil has been widely confirmed (Oliveras-Lépez et
al., 2008; Paiva-Martins et al, 2009; Konstantinidou et al, 2010).

The aim of this research was to study the effects of 6 months moderate-vigorous
physical activity and daily extra virgin olive oil (EVOO) consumption on catalase

activity of healthy children from the South of Spain.

Methods
Subjects of the study

The study consisted of an intervention period of 6 months and involved 44

volunteers with 11-12 years old, divided in three groups: (i) Control group (CTL) who
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maintained their dietary and physical activity habits throughout the study (n=15); (ii)
Physical activity group (PA) who maintained their dietary habits and practiced 60-min
moderate-vigorous physical activity 2 days a week for 6 months (n=15); Olive oil group
(O0), who maintained their dietary habits and physical activity habits throughout the
study but consumed a selected EVOO instead of usual fats during the last 4 weeks of
the intervention period (n=14).

Samples collection and antioxidant enzyme activity measurements

Blood samples were collected at baseline and at the end of the 6-month intervention
period. After centrifugation, the erythrocyte layer was separated, aliquoted in cryovials
and stored at -80° C until enzyme activity analysis. Activities of erythrocyte catalase
(CAT) were measured by spectrophotometric assays using commercial kits (Cayman
Chemicals). The activities were given in pmol/min/mL and all determinations were run

in triplicate.
Statistical analysis

All data were analyzed using the SPSS 17.0 statistical package (SPSS, Inc.). The
normalcy of variables was checked. Comparisons between the 6 groups were assessed
by one-way ANOVA followed by Bonferroni post-hoc test. Values are expressed as
mean with standard errors (X £ SEM). Differences were considered significant for p <
0.05.

Results

The results from our study reveal that moderate-vigorous physical activity and
EVOO consumption improved erythrocyte catalase activity. The activity of catalase
antioxidant enzyme changed significantly (p< 0.001) in OO children after the 4-week
consumption of EVOO (figure 1). In addition, OO levels after intervention period were
significantly higher than CTL and PA levels at baseline (p< 0.001). Our results show
an increase from baseline of CAT activity in the PA group after the 6-month
intervention period, with no significant differences. However, this increase was
significant when comparing PA after intervention with CTL and OO at baseline (p<
0.05). After the interventions CAT resulted to be significantly higher in OO than in PA

2



(p< 0.05). We did not find any significant differences between men and women in any
of the groups.

In conclusion, our results support an association between a 6 months moderate-vigorous
physical activity and the consumption of extra virgin olive oil with an improvement of
the catalase antioxidant system in healthy children. To our knowledge, this is the first
time that these two interventions have been performed in healthy children regarding

antioxidant status.
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Figure 1. Catalase activity in erythrocytes from CTL, PA and OO children at
baseline (white) and after the intervention period (black). *p< 0.05, ***p< 0.001.
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Resumen

Objetivo: Determinar el efecto de un programa de
entrenamiento aerébico de alta intensidad de 8 semanas,
desarrollado durante las clases de Educacion Fisica,
sobre la capacidad aerobica de adolescentes de 15 a 18
afios.

Meétodo: Un total de 84 adolescentes (51 chicos y 33 chi-
cas) participaron en el presente estudio. La capacidad
aerdbica (VO,max) se midié directamente con un analiza-
dor de gases portatil (K4b, Cosmed) durante la realiza-
cion del 20 Meter Shuttle Run Test (20mSRT). La mues-
tra fue dividida en 2 grupos experimentales (G2S y G3S) y
1 grupo control. El programa de entrenamiento consisti6
en la practica de actividad fisica aerébica con una intensi-
dad equivalente al 75-80% del VO,max. El G2S realizé 2
sesiones semanales mientras que el G3S realizé 3 sesiones.

Resultados: E1 G2S incrementé el VO,max (de 55,7 a
56,6 ml/kg/min los chicos; de 37,8 a 38,7 ml/kg/min las
chicas, p < 0,001) y el n.° stages en el 20mSRT (9,0% los
chicos, p < 0,001; 20,0% las chicas, p < 0,001). El1 G3S
también aumento el VO,max (de 54,9 a 56,0 ml/kg/min los
chicos; de 36,0 a 38,7 ml/kg/min las chicas) y el n.° stages
en el 20mSRT (10,4 % los chicos, p < 0,001; 32,3% las chi-
cas, p <0,001). En G2S y G3S, las chicas mostraron una
mayor mejora que los chicos.

Conclusiones: Un programa de entrenamiento aero-
bico de alta intensidad de 8 semanas, 2 dias por semanas,
mejora la capacidad aerébica de los alumnos. Una sesion
extra de ejercicio intenso por semana supone una mayor
mejora en las chicas, no produciendo tales efectos en los
chicos.

(Nutr Hosp. 2012;27:747-754)
DOI:10.3305/nh.2012.27.3.5725

Palabras clave: Capacidad aerdbica. VO,max. Adolescen-
tes. Educacion Fisica.
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EFFECT OF AN 8-WEEK AEROBIC TRAINING
PROGRAM DURING PHYSICAL EDUCATION
LESSONS ON AEROBIC FITNESS
IN ADOLESCENTS

Abstract

Objective: To determine the effect of a high intensity
aerobic training program of 8 weeks, developed during
physical education classes, on the aerobic capacity of
adolescents aged 15 to 18 years.

Methods: A total of 84 adolescents (51 boys and 33
girls) participated in this study. The aerobic capacity
(VO,max) was measured directly with a portable gas
analyzer (K4b?, Cosmed) during the performance of the
20 Meters Shuttle Run Test (20mSRT). The sample was
divided into 2 experimental groups (G2S and G3S) and 1
control group. The training program was composed of
aerobic physical activity (75-80% VO,max.). The G2S
developed 2 sessions per week while the G3S made 3.

Results: The G2S increased VO,max (boys: from 55.7
to 56.6 ml/kg/min; girls: from 37.8 to 38.7 ml/kg/min; p <
0.001) and the number of stages in the 20mSRT (9.0 %
boys, p < 0.001; 20.0% girls, p < 0.001). The G3S also
increased VO,max (boys: from 54.9 to 56.0 ml/kg/min;
girls: from 36.0 to 38.7 ml/kg/min) and the number stages
in the 20mSRT (10.4% boys, p < 0.001; 32.3% girls, p <
0.001). In G2S and G3s, girls showed greater improve-
ment than boys.

Conclusions: A high intensity aerobic training program
developed during 8 weeks, 2 sessions per week, improves
aerobic capacity of the students. An extra session of
intense exercise for week is a greater improvement in
girls, but do not produce such effects in boys.

(Nutr Hosp. 2012;27:747-754)
DOI:10.3305/nh.2012.27.3.5725

Key words: Aerobic capacity. VO, max. Adolescents. Phy-
sical education.
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Abreviaturas

CA: Capacidad Aerdbica.

VO,max: Consumo Mdximo de Oxigeno.
ACSM: American College of Sport Medicine.
FC: Frecuencia Cardiaca.

EF: Educacion Fisica.

GC: Grupo Control.

G2S: Grupo Intervencién 2 sesiones.

G3S: Grupo Intervencidn 3 sesiones.
20mSRT: 20 Meter Shuttle Run Test.

VT1: Umbrales Ventilatorio 1.

VT2: Umbral Ventilatorio 2.

VE: Ventilacién Pulmonar.

VO,: Volumen de Oxigeno.

VCO,: Volumen de Diéxido de Carbono.
IPAQ: International Physical Activity Questionnaire.

Introduccion

La condicién fisica relacionada con la salud
incluye: la capacidad aerébica (CA) o cardiorrespira-
toria, la fuerza y resistencia muscular, la flexibilidad
y la composicién corporal', siendo considerado el
componente cardiorrespiratorio como el mds impor-
tante®® y principal exponente del estado de forma del
sujeto®.

El consumo maximo de oxigeno (VO,max) es el
mejor indicador fisiolégico de la CA y del estado car-
diovascular’. Estudios recientes han demostrado que el
VO,max es el predictor mas potente de riesgo de
muerte por todas las causas y especialmente por enfer-
medad cardiovascular, tanto en hombres®, como en
mujeres’ de diferentes edades® y estados de salud®. Ade-
mas, un reciente estudio de revisién ha comprobado
que altos niveles de CA durante la adolescencia se aso-
cian con una mayor salud cardiovascular durante la
edad adulta’.

Debido a la importancia que tiene la CA sobre la
salud, el American College of Sport Medicine' reco-
mienda, para desarrollar y mantener la CA, una activi-
dad fisica aerdbica continua o intermitente de 3 a 5
dias a la semana, de 20-60 minutos de duracién con
una intensidad equivalente al 55-90% de la frecuencia
cardiaca (FC) maxima o el 45-85% de la FC de
reserva o del consumo de oxigeno de reserva. Las
recomendaciones del Helena Group Study para ado-
lescentes europeos son similares'?. Sin embargo, en
Espana, las clases de Educacion Fisica (EF) en Prima-
ria y Secundaria tienen una frecuencia de 2 dias a la
semana y una duracién de 60 minutos. Por este
motivo, diversos investigadores han estudiado los
efectos que tienen las clases de EF sobre la condicién
fisica del alumnado. La mayoria de ellos han con-
cluido que aunque la duracién de la actividad durante
las clases de EF es adecuada', la intensidad de trabajo
durante las mismas no es suficiente para provocar
mejoras a nivel cardiovascular'*. Expresandose como

causa que la intensidad del ejercicio es raramente
individualizada en funcidn de la capacidad de cada
estudiante®.

Los objetivos de este estudio fueron determinar los
efectos de un programa de entrenamiento aerébico de
alta intensidad de 8 semanas, desarrollado durante las
clases de EF, sobre la capacidad aerébica de adolescen-
tes de 15 a 18 afios, y conocer los beneficios que supon-
dria una tercera clase de EF mds a la semana sobre la
capacidad aerébica de los alumnos.

Material y método
Sujetos

Se disefié un estudio experimental en el que partici-
paron 84 sujetos (51 chicos y 33 chicas; 15-18 afios).
La muestra fue seleccionada de manera aleatoria,
siendo todos los sujetos seleccionados estudiantes de
Educacién Secundaria Obligatoria de la ciudad de Gra-
nada (Espafia) y con el mismo nivel socio-econémico.
Los sujetos participaron de manera voluntaria después
de recibir una explicacion detallada acerca del objetivo
e implicaciones de la investigacién. Se obtuvo el con-
sentimiento informado por escrito de los padres y de
los participantes. El estudio fue aprobado por el
Comité de Etica de Investigacién Humana de la Uni-
versidad de Granada.

La CA (VO,max) de los sujetos fue medida previa-
mente, y en base a ella, la muestra se distribuyé de
forma aleatoria en 3 grupos de 28 personas (17 chicos y
11 chicas), comprobando que eran homogéneos en
relacion a su VO,max. Un grupo realizo las clases regu-
lares de EF (GC), un segundo grupo desarrollé un pro-
grama de entrenamiento aerébico de alta intensidad 2
dias en semana (G2S), y el tercer grupo ejecuté el
mismo programa de entrenamiento aerébico de alta
intensidad 3 dias en semana (G3S). E1 G2S desarrollé
el programa durante las clases de EF, y el G3S desarro-
116 2 sesiones durante las clases de EF y 1 durante la
hora de tutoria cedida para este fin. Al finalizar el pro-
grama de entrenamiento, la CA de todos los sujetos
(experimentales y control) se volvié a evaluar utili-
zando los mismos procedimientos que en la evaluacién
inicial.

Medidas

Capacidad Aerdbica (VO’max). El VO max se
midié de forma directa mediante la utilizacién de un
analizador de gases portatil (K452, Cosmed, Roma,
Italia), mientras los sujetos realizaban una prueba
maxima. La prueba que se utilizé fue el 20 Meter
Shuttle Run Test (20mSRT)'. El 20mSRT permite
evaluar la CA maxima de adolescentes, siendo su
objetividad, fiabilidad y validez demostrada en perso-
nas jovenes'. El test es de cardcter incremental
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maximo y consiste en correr entre dos lineas separa-
das 20 m siguiendo el ritmo que marca el protocolo
del 20mSRT. La velocidad inicial es de 8,5 km/h y se
incrementa 0,5 km/h cada minuto. El peso del equipo
K4b? Cosmed es de 1,5 kg incluyendo la bateria y el
arnés. Ha sido demostrado que portar el analizador de
gases durante la realizacion del 20mSRT no altera
significativamente las demandas energéticas de los
sujetos'®.

Los participantes recibieron instrucciones com-
prensivas de cdmo realizar el test y realizaron sesiones
de familiarizacién una semana antes de la evaluacion.
Todos los sujetos realizaron el test individualmente
monitorizados con el analizador de gases portatil
(K4b?, Cosmed, Roma, Italia) en un gimnasio
cubierto con condiciones estandarizadas. La frecuen-
cia cardiaca se registré de forma continua mediante
pulsémetro (Polar S810). Todos los test fueron reali-
zados, en un gimnasio cubierto, por los mismos inves-
tigadores y a la misma hora (entre 10:00 y 13:00 h).
Los adolescentes fueron instruidos para abstenerse de
realizar ejercicio extenuante 48 horas antes de la reali-
zacion del test.

Umbrales ventilatorios. A través del andlisis de
gases, el instrumental utilizado (K452, Cosmed,
Roma, Italia) nos permiti6é determinar los umbrales
VTI (indica el comienzo de la produccién de lactato)
y VT2 (indica un maximo estable de lactato en san-
gre). El criterio utilizado para determinar el VT1
durante el test incremental fue el incremento del
VE/VO, (ventilacién pulmonar entre volumen de oxi-
geno) sin que aumente del VE/VCO, (ventilacién pul-
monar entre volumen de diéxido de carbono). Y el
criterio para determinar el VT2 fue el incremento del
VE/VCO,, una vez que se increment6 con anteriori-
dad el VE/VO,.

Actividad Fisica. Con objeto de controlar la activi-
dad fisica que el alumnado pudiera hacer en horario
extraescolar, la cual podria contaminar los efectos del
tratamiento, se utilizé el International Physical Acti-
vity Questionnaire (IPAQ) en su version corta autoad-
ministrada para adolescentes, por ser, un instrumento
vélido y fiable en las edades estudiadas® y aplicado en
diversos paises®.

Procedimiento

El programa de entrenamiento consistié en la prac-
tica de actividad fisica aerébica continua durante 30
minutos por sesion con una intensidad equivalente al
75-80% del VO,max. Cada una de las sesiones de trata-
miento consistié en realizar carrera continua a la inten-
sidad prescrita individualmente alrededor de un cir-
cuito establecido durante 30 min. El G2S realiz6 2
sesiones semanales mientras que el G3S realiz6 3
sesiones. La duracién del programa de entrenamiento
fue de 8 semanas. La prescripcién del ejercicio se rea-
1iz6 en base al VO,max alcanzado en la evaluacion ini-

cial. La FC equivalente al 75-80% del VO,max de cada
estudiante fue determinada. Cada sujeto llevé un pulsé-
metro (Polar S810), con el fin de controlar la intensidad
del ejercicio y poder comprobar que los sujetos mante-
nian la intensidad prescrita.

Andlisis estadistico

Los valores de las diferentes variables son mostra-
dos como media + desviacion estdndar. Para comparar
las variables con respecto al género se utilizé el test
Welch, después de verificar la normalidad de las varia-
bles estudiadas. Para realizar la comparacién entre gru-
pos se utiliz6 ANOVA (para variables con distribucién
normal) y el test de Kruskal-Wallis (para variables que
no verifican los supuestos del ANOVA). En los casos
con diferencias significativas se realizaron compara-
ciones multiples post-hoc controlando la propagacién
del error por el método de Bonferroni. Todos los datos
fueron analizados usando el programa estadistico
SPSS 15.0 para Windows XP. La cota mdxima para el
nivel de significacién fue del 5% para todos los andli-
sis.

Resultados

La tabla I muestra las caracteristicas de los sujetos en
funcidn del género. Se observaron diferencias signifi-
cativas (p < 0,05) por género para todas las variables
relacionadas con la CA (VO,max, n.° stages y tiempo
en el 20mSRT, VO, en VT1y VT2, tiempo en alcanzar
VT1 y VT2) siendo estos valores mayores en el grupo
de los chicos.

Tabla I
Caracteristicas (media + desviacion estdndar)
de los sujetos estudiados en la evaluacion inicial,
en funcion del género

Chicos Chicas

(n=351) (n=33)
Edad (afios) 16,8+1,2 16,6 £0,8
Altura (cm) 173,8+6,5 159,7+ 6,40
Peso (kg) 68,6+13,5 579+9,2
VO,max (ml/kg/min) 54,6+6,2 36,9 +5,4°
Stages 20mSRT (n.°) 8,0+1,6 3,8+1,00
Tiempo 20mRT (seg) 493,4+102,5 2484 +61,9
VO,en VT1 (ml/kg/min) 33,549 25,7+£3,2°
Tiempo en VT1 (seg) 53,3+23,0 46,6 £ 11,6°
VO, en VT2 (ml/kg/min) 434+54 31,9400
Tiempo en VT2 (seg) 213,6 £89.6 128,9 +46,6°
FCmax (Ipm) 200+7,1 195+8,2¢

VO,: Consumo de oxigeno; VO,max: Consumo maximo de oxigeno; 20mSRT: 20
meter Shuttle Run Test; VT1: Umbral ventilatorio 1; VT2: Umbral ventilatorio 2.
p=<0,05;°p=<0,001.
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Tabla II

Variables de capacidad aerdbica (media + desviacion estdndar) de los sujetos estudiados en funcion del grupo

de tratamiento y el género, en el Pre-Test y Post-Test

Pre-Test
Chicos(n=151) Chicas (n=33)
G3§ G28 GC G38 G2§ GC
(n=27)  (n=27)  (n=27) p (m=11)  (n=11)  (n=1I) p

VO,max(ml/kg/min) 549+6,8 55,7+45 53,1£7,0 0,489 36,0+5,5 378+74 36,9+4,0 0,774
Stages 20mSRT (n.°) 80£18 83+1,2 76+1,9 0,436 36£1,2 3716 4,108 0,494
Tiempo 20mRT (seg) 4953+109,2 5127717  472,3+984 0,524 2352+734  2412+703  262,2+782 0,555
VO, en VT1 (ml/kg/min) 342+44 329437 3324166 0,717 259+3,6 264+4,0 252423 0,700
Tiempoen VT1 (seg) 67,0+30,5 47+129  59,7+19,5 0,119 450+122 46,6158 439+71 0,623
VO, en VT2 (ml/kg/min) 42,0+6,2 44940 43357 0,305 319+5,0 33,047 31,6£2,9 0,634
Tiempo en VT2 (seg) 2073+84,0 2302+833  202,5+85,0 0,641 131,6£61,7  1350+41,0  136,2+41,6 0,831

Post-Test
VO,max(ml/kg/min) 56,0+6,2 56,6+3,7 529+6,9 0,128 38,7+58 38,759 36,834 0,642
Stages 20mSRT (n.”) 8714 9,0+1,1 74+1,6 0,005 45+1,1 43+1,1 40+0,8 0,590
Tiempo 20mRT (seg) 536,787, 5578+714  459,8+983 0,005 2837715  2778+66,7  259,3+50,6 0,652
VO, en VT1 (ml/kg/min) 340+4,0 334+4,0 31,6£43 0,742 26,7+3,7 26,1 £4.4 26,0+2,9 0918
Tiempoen VT (seg) 74,1353 62,6177  5710+£12,5 0,211 51,6+8,0 48,0+13,7 43,680 0,628
VO, en VT2 (ml/kg/min) 422+49 46,7£49 425+38 0,724 328+5,6 32,8+£58 32,1£3,1 0,174
Tiempoen VT2 (seg) 241,7+£90,1 2706834  190,0+55,7 0,209 1556+£743  156,0£588  139,0+46,0 0,763

G38S: Grupo 3 ses/sem; G2S: Grupo 2 ses/sem; GC: Grupo control; VO,: Consumo de oxigeno; VO,max: Consumo maximo de oxigeno; 20mSRT: 20 meter Shuttle Run

Test; VT1: Umbral ventilatorio 1; VT2: Umbral ventilatorio 2.
p=0,01°.

Latabla IT muestra los valores de las variables de CA
en el pre-test y post-test, en funcién del grupo y el
género. Se observé una homogeneidad entre grupos
antes del tratamiento. Tras la intervencion, se encontra-
ron diferencias significativas (p < 0,05) entre grupos en
las variables de n° de stages y tiempo en el 20mSRT
para el género masculino. En estos casos, las compara-
ciones multiples (tabla III) mostraron diferencias signi-

ficativas (p < 0,05) entre el GC y los dos grupos experi-
mentales (G3S y G2S). Sin embargo, no existen dife-
rencias entre G3S y G2S en ninguna variable. En el
género femenino no se detectan diferencias significati-
vas entre grupos.

La tabla IV muestra las intensidades de ejercicio
prescritas y registradas durante el programa de entrena-
miento en los grupos experimentales (G2S y G35), asi

Tabla III
Comparaciones miltiples (método de Bonferroni) entre los grupos de género masculino en el Post-Test
Intervalo de confianza
al 95%

. (A) (B) Diferencia Error . Limite Limite
Variable grupo £rupo de medias (A-B) tipico Sig- inferior superior
Stages 20mSRT (n.°) G3S G2S 0,34 0,50 1,00 -1,58 0,90

GC 1,27¢ 0,50 0,042 0,032 2,52

G2S GC 1,61 0,49 0,006 0,39 2,84

Tiempo 20mSRT (seg) G3S G2S 21,07 30,10 1,000 95,81 53,67
GC 76,92 30,10 0,042 2,18 151,67

G2S GC 98,00° 29,64 0,005 2439 171,60

G38S: Grupo 3 ses/sem; G2S: Grupo 2 ses/sem; GC: Grupo control; VO,: Consumo de oxigeno; VO,max: Consumo maximo de oxigeno; 20mSRT: 20 meter Shuttle Run
Test; VT1: Umbral ventilatorio 1; VT2: Umbral ventilatorio 2.

p=0,05.
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Tabla IV
Intensidad del ejercicio prescrita y registrada’ durante el programa de entrenamiento segiin grupo y género

Chicos (n=151)

Chicas (n=33)

G3$ G28 GC G3§ G28 GC
(n=27) (n=27) (n=27) (n=11) (n=11) (n=11)
VO, prescrito (% max) 75-80 75-80 75-80 75-80
FC prescrita (Ipm) 176 (155-190) 175 (160-185) 175 (160-190) 175 (162-191)
FC registrada (Ipm) 175 (157-191) 176 (162-188) 139 (111-162) 176 (162-193) 176 (160-191) 123 (107-155)

'Media y rango entre paréntesis.
p=0,001 GCvs G2Sy G3S.

G38: Grupo 3 ses/sem; G2S: Grupo 2 ses/sem; GC: Grupo control; VO,: Consumo de oxigeno; % max: % en funcién del consumo méximo de oxigeno; FC: Frecuencia car-

dfaca; Ipm: Latidos por minuto.

como la intensidad registrada en el GC durante las cla-
ses regulares de EF. Los valores indican que no existen
diferencias en la intensidad registrada entre ambos gru-
pos experimentales, sin embargo se aprecia una menor
intensidad entre el GC y los grupos experimentales,
para ambos sexos.

Latabla V muestra la comparacién de los valores del
pre-test y el post-test de cada variable de la CA, para
cada grupo y género. En el caso del género masculino,
se observaron diferencias significativas tanto en el G3S
(p <0,05) como en el G2S (p < 0,001) en las variables
de n°stages y tiempo en el 20mSRT. Sin embargo, en el
GC no se detectan diferencias significativas en ninguna
variable. Por otra parte, en el género femenino, también

existen diferencias significativas en el G3S (p < 0,001)
y el G2S (p < 0,001) en las variables de n° stages y
tiempo en el 20mSRT, y en el G3S ademads en la varia-
ble VO,max (p < 0,001). No se detectaron diferencias
significativas en el GC.

Por ultimo, la tabla VI muestra el cambio relativo
(%) de las variables en las que se han detectado diferen-
cias significativas en algin grupo o género. Podemos
observar que los chicos de ambos grupos de trata-
miento (G3S y G2S) han incrementado su rendimiento
en el 20mSRT (n° de stages y tiempo) aproximada-
mente un 10%, después de realizar el programa de
entrenamiento. Aunque las mejoras en el VO,max no
alcanzan el 2% en ambos grupos. Respecto a las chicas,

Tabla V
Cambios en la capacidad aerobica (media + desviacion estandar) en respuesta a 8 semanas de programa, segun grupo 'y género
Género masculino
G38(n=27) G28(n=27) GC(n=27)
pre post J pre post J pre post p
VO,max(mlkg/min) 549+68 56,0£6,2 0,311 55,145 56,60+3,7 0,314 53,170 529+69 0,616
Stages 20mSRT (n.°) 80£18 8,7+14 0,015 83+12 90+1,1 0,000+ 76+19 T4£16 0492
Tiempo 20mRT (seg) 4953+109,2  536,7+874  0,016° 5127717 5578+714  0,000° 4723+984  459.8+983 0329
VO, en VT1 (ml/kg/min) 342+44 340£4,0 0,706 329+37 334+40 0,627 33,24£6,6 31,643 0,702
Tiempoen VT (seg) 67,0+30,5 741£353 0,216 547+129 62,6+177 0,095 597195 570+125 0,828
VO, en VT2 (ml/kg/min) 420+6,2 422+49 0,898 449+40 46,749 0,113 43357 425+38 0,724
Tiempo en VT2 (seg) 207,3+84,0 241,790,1 0,130 2302+833  2706+834 0,130 2025850 190,0+557 0,119
Género femenino
VO*max(ml/kg/min) 36,0 £5,5 38,7£58 0,000¢ 318+74 38,759 0,348 36,9+4,0 36834 0,893
Stages 20mSRT (n.%) 36+12 45+1,1 0,000 37+1,6 43+1,1 0,001 4,1+08 4008 0,794
Tiempo 20mRT (seg) 2352+734 283,7+715  0,000¢ 2412703 2778+66,7  0,001° 2622782 2593+50,6 0936
VO, en VT1 (ml/kg/min) 259+36 26,1+3,7 0,405 264+4,0 26,1£44 0,743 252+23 26029 0491
Tiempoen VT (seg) 450 £12,2 51,680 0,351 46,6+ 15,8 80£137  05% 439+7,1 436+80 0998
VO, en VT2 (ml/kg/min) 31,9£50 32856 0,179 33,0£47 32858 0,613 31,629 32,131 0395
Tiempoen VT2 (seg) 131,6 61,7 1556743 0,142 1350410  156,0+588 0,128 1362416 139,0+460 0,226

G38S: Grupo 3 ses/sem; G2S: Grupo 2 ses/sem; GC: Grupo control; VO,: Consumo de oxigeno; VO,max: Consumo maximo de oxigeno; 20mSRT: 20 meter Shuttle Run
Test, VT1: Umbral ventilatorio 1; VT2: Umbral ventilatorio 2. Pre: Antes del programa de entrenamiento. Post: Después del programa del programa de entrenamiento. p <
0,054 p=<0,01%p<0,001°.
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Tabla VI
Cambio relativo (%) de las variables de capacidad aerébica segiin grupo y género

Chicos (n=151)

Chicas (n=33)

G38 G2§ GC G38 G2§ GC
(n=27) (n=27) (n=27) (n=11) (n=11) (n=11)
VO, max(ml/kg/min) 1,.9% 1,7% -0,1% 7.8% 4.8% 0,9%
Stages 20mSRT (n.°) 10,4% 9,0% -0,6% 32,3% 20,0% -0,5%
Tiempo 20mRT (seg) 9,3% 9.4% -1,4% 24.3% 17,1% -0,1%

G38: Grupo 3 ses/sem; G2S: Grupo 2 ses/sem; GC: Grupo control; VO,max: Consumo méximo de oxigeno; 20mSRT: 20 meter Shuttle Run Test.

el G3S muestra un mayor incremento que el G2S en las
variables VO,max (7,8% vs 4,8%), n.° de stages
(32,3% vs 20%) y tiempo en 20mSRT (24,3% vs
17,1%). Por otra parte, las chicas de los grupos de trata-
miento muestran un mayor incremento en los valores
de las variables VO,max, n° de stages y tiempo en el
20mSRT, respecto a los chicos que también han reci-
bido el tratamiento. Los cambios en el GC no llegan al
1% en ambos géneros.

Discusion

Los incrementos en el VO,max de los sujetos experi-
mentales (G3S y G2S) no son elevados debido a la
corta duracion del programa. Otros estudios similares®
tampoco encontraron mejoras significativas en el
VO2max de jévenes con 8 semanas de entrenamiento
aerdbico, 3 sesiones por semana, a una intensidad del
80-85% de 1a FCmax.

El incremento en el rendimiento en el test incremen-
tal de los G3S y G2S (de ambos géneros) se ha podido
deber, ademds de la mejora del VO,max, al desplaza-
miento hacia la derecha de los umbrales ventilatorios?.
Otros estudios indican que el entrenamiento de resis-
tencia aerdbica produce adaptaciones (aumento de la
densidad capilar, tamafio y nimero de las mitocon-
drias, actividad de la enzimas oxidativas) que ayudan a
aumentar la intensidad del ejercicio antes de comenzar
a acumular lactato en sangre®. Por otra parte, en el GC
no se detectan diferencias en los umbrales VT1y VT2
después de las 8 semanas. Resultados similares se
observan en otros estudios®.

Las diferencias encontradas en la CA coinciden con
las observadas por otros autores*2. Los investigadores
sugieren que esta diferencia entre sexos estd relacio-
nada con que las chicas tienen mayor grasa corporal y
menores niveles de hemoglobina®, y son menos activas
fisicamente®? debido a factores socioculturales®. Ade-
mas, estas diferencias entre sexos en la CA incremen-
tan durante la adolescencia®.

En los grupos experimentales, las chicas consiguen
una mejora relativa mayor que los chicos después del
programa de entrenamiento. Esto es debido a que
cuanto mads alto es el estado inicial de acondiciona-
miento, menor es la mejora relativa para el mismo pro-

grama de entrenamiento. Si comparamos el nivel ini-
cial de CA (n° de stages en el 20mSRT) de nuestros
sujetos con una muestra representativa de adolescentes
espaifioles de la misma edad*, observamos que los
valores medios del 20mSRT de las chicas se correspon-
den con el percentil 50 y los valores medios de los chi-
cos con el percentil 70 respecto a los adolescentes espa-
fioles. Estudios similares, encuentran que, después de
un programa de entrenamiento de 6 meses, las chicas
que siguen el tratamiento mejoran un 8,5% el 20mSRT
mads que las chicas del grupo control, sin embargo los
chicos mejoran un 3,8% el 20mSRT respecto a los chi-
cos del grupo control®.

Nuestros resultados sugieren que la eficacia del pro-
grama se debe a la alta intensidad de las sesiones, y no
tanto, a la frecuencia semanal de las mismas. Por
tanto, corroboramos los hallazgos encontrados por
otros autores'*, quienes indican que la intensidad de las
sesiones regulares de EF no es suficiente para provo-
car mejoras en la CA. Los resultados del presente estu-
dio estdn en concordancia con los encontrados por
otros investigadores*, quienes en un estudio realizado
con adolescentes, comprobaron que el entrenamiento
de alta intensidad (75-80% del VO,max) provoca
mayores incrementos en la CA que el de intensidad
moderada (55-60% del VO,max). Otros estudios*
muestran que con 3 horas a la semana de EF, el grupo
que realiza 1 sesion de las 3 con una intensidad alta
(programa entrenamiento aerébico) mejora el rendi-
miento en el 20mSRT (3,8%) después de 10 semanas
de programa, sin embargo el grupo control que realiza
3 sesiones de EF a la semana no mejora su rendi-
miento. Una revision reciente®, muestra como el
entrenamiento aerébico produce una mejora media del
5-6% en el VO,max de nifios y adolescentes, y cuando
el efecto del entrenamiento es significativo, la mejora
media en el VO,max alcanza el 8-10%. Nuestros resul-
tados, en el caso de las chicas, estan en concordancia
con estos hallazgos.

En concordancia con otros estudios'®, nuestros resul-
tados sugieren que es posible mejorar la CA durante las
clases de EF aunque para ello es necesario aumentar la
intensidad de las mismas, individualizar la intensidad
del ejercicio en funcién de la capacidad de cada estu-
diante y controlar la intensidad prescrita durante las
clases de EF. Los estudios realizados con adolescentes
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Abstract

Background: The present study was determined the
influence of physical activity and dietary habits on lipid
profile, blood pressure (BP) and body mass index (BMI)
in subjects with metabolic syndrome (MS).

Aims: Identify the relationship between physical
activity and proper nutrition and the probability of
suffering from myocardial infarction (MI).

Methods: Hundred chronically ill with MS who were
active and followed a healthy diet were classified as
compliant, while the remaining subjects were classified as
non-compliant.

Results: The compliant subjects show lower BMI
values (30.8 + 4.9 vs 32.5 + 4.6), as well as lower levels of
triacylglycerol (130.4 + 48.2 vs 242.1 £ 90.1), total choles-
terol (193.5 £ 39 vs 220.2 + 52.3) and low-density lipopro-
tein cholesterol (105.2 + 38.3 vs 139.2 + 45). They show
higher values in terms of high-density lipoprotein choles-
terol levels (62.2 + 20.1 vs 36.6 + 15.3), with statistically
significant differences. In terms of both systolic and dias-
tolic pressure, no differences were revealed between the
groups; however, those who maintain proper dietary
habits show lower systolic blood pressure levels than the
inactive subjects. The probability of suffering from MI
greatly increases among the group of non-compliant
subjects.

Conclusions: Our results demonstrate how performing
aerobic physical activity and following an individualized,
Mediterranean diet significantly reduces MS indicators
and the chances of suffering from MI.
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DOI:10.3305/nh.2011.26.5.5206
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INFLUENCIA DE LA ACTIVIDAD FISICA Y LOS
HABITOS NUTRICIONALES SOBRE EL PERFIL
LIPIDICO, PRESION ARTERIAL E IMC EN
SUJETOS CON SINDROME METABOLICO

Resumen

Introduccion: En el presente estudio se determiné la
influencia de la actividad fisica y los hibitos nutricionales
sobre el perfil lipidico, presién arterial (PA) e indice de
masa corporal (IMC) en sujetos con SM.

Objetivos: Comprobar la relacién entre realizar acti-
vidad fisica y una nutricién adecuada, y la posibilidad de
sufrir infarto de miocardio (IM).

Método: Se evaluaron 100 sujetos con SM. Los sujetos
que manifestaban ser activos y llevaban una alimentacién
saludable fueron clasificados como cumplidores, mien-
tras que al resto se les clasificé como no camplidores.

Resultados: Los sujetos cumplidores presentan valores
menores en cuanto a su IMC (30,8 +4,9 vs 32,5+ 4,6) y sus
niveles de triglicéridos (130,4 + 48,2 vs 242,1 + 90,1), coles-
terol total (193,5 + 39 vs220,2 + 52,3) y colesterol unido a
lipoproteinas de baja densidad (105,2 + 38,3 vs 139,2 +
45); y valores mayores en los niveles de colesterol unido a
lipoproteinas de alta densidad (62,2 + 20,1 vs 36,6 + 15,3)
siendo las diferencias estadisticamente significativas. La
PA, tanto sistélica como diastélica, no muestra diferen-
cias entre ambos grupos; en cambio el grupo que mani-
fiesta realizar una alimentacién adecuada obtiene unos
niveles de presién arterial sistélica menores que el grupo
que no la realiza. La posibilidad de padecer IM aumenta
significativamente en el grupo de sujetos no camplidores.

Conclusiones: Nuestros resultados muestran como la
realizacién de actividad fisica de tipo aerébica y llevar a
cabo una alimentacion individualizada de tipo mediter-
réaneo reduce significativamente los parametros rela-
cionados con el SM y las posibilidades de sufrir IM.

(Nutr Hosp. 2011;26:1105-1109)
DOI:10.3305/nh.2011.26.5.5206

Palabras clave: Actividad fisica. Habitos dietéticos. Salud.
Sindrome metabélico.
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Introduction

Metabolic syndrome (MS) refers to heterogeneous
clustering of risk factors associated with increased
probability of suffering from a cardiovascular disease
(CVD) or diabetes mellitus (DM)."* Such factors
include abdominal obesity, hydrocarbon metabolism
alterations or dysglycaemia, arterial hypertension and
atherogenic dyslipidemia, with insulin-resistance as a
common physiopathological base.’

At present, various authors consider physical inac-
tivity to be one of the main problems affecting public
health in the XXI century.* An increase in aerobic
physical activity leads to an increase in aerobic
capacity, which is inversely related to different health
indicators, such as lipid profile, insulin-resistance, fat
mass, MS indicators and arterial resistance.*” Epidemi-
ological studies demonstrate that performing moderate
to vigorous physical activity daily prevents the inci-
dence of chronic illnesses and premature death," and
when carried out according to certain criteria
concerning the type, duration, intensity, frequency and
progression of the activity," it adapts to the indi-
vidual’s potential. In this way, the exercise helps to
improve his or her health and assists the treatment of
illnesses, especially coronary artery disease, arterial
hypertension, DM, osteoporosis, colon cancer and
depression, not to mention the way in which physical
activity affects the development of obesity and CVD. ">

In addition to a decrease in the performance of physi-
cal activity, social and technological changes imply
transformations in dietary behaviours, such as an
increased consumption of high-calorie foods rich in satu-
rated fats, and a low consumption of unrefined carbohy-
drates. Some authors have emphasized that dietary treat-
ment should vary, depending on the presence of different
components of MS, and that treatment should be individ-
ualized according to the specific metabolic disorders
affecting each patient.'>'® It has been demonstrated that
following a healthy diet, such as the Mediterranean diet,
yields a negative relationship between the highest scores
of adherence to such a diet and central obesity, fasting
glycaemia and plasma triacylglycerols, and a positive
relationship with HDL-C levels."”

The objective of this paper was to determine the
influence of physical activity and dietary habits on
lipid profile, blood pressure (BP) and body mass index
(BMI) in subjects with MS. Likewise, the authors eval-
uated the influence of physical activity and proper
nutrition on the probability of suffering from myocar-
dial infarction (MI).

Methods
Sample

The sample group is representative of people chroni-
cally ill with MS. Selected participants are from a town

in the province of Malaga (Spain) and receive treat-
ment at a primary care nursing service which pays
special attention to care for chronic patients. 100
subjects participated in the study, including 64 females
and 36 males, with an average age of 68.4 + 10.9. The
MS diagnosis is made when an individual meets three
of the five following diagnostic criteria (modified
ATP-III): BMI > 28-8; BP = 130/85 mmHg; high
density lipoprotein cholesterol (HDL-C) < 40 mg/dl in
males or < 50 mg/dl in females; triacylglycerols (TAG)
= 150 mg/dl; basal fasting glycaemia = 110 mg/dl or
receiving hypoglycaemia treatment, or the presence of
previously diagnosed DM. Abdominal obesity was
evaluated on the basis of a BMI = 28.8 instead of
abdominal circumference, a modification which has
been validated previously in large cohorts.' All partici-
pants acted voluntarily, and the Declaration of Helsinki
about ethics in research was respected. The University
of Granada human research ethics committee approved
this study.

Measurements

Body Composition: The anthropometric measure-
ments were taken in the same place, by the same
researcher, following all of the standards set by the
International Society for the Advancement of Kinan-
thropometry (ISAK)." Height was measured with a
stadiometer (GPM, Seritex, Inc., Carlstadt, New
Jersey) with an exactness of 0.1 cm, and weight was
determined on a portable scale (model 707, Seca
Corporation, Columbia, Maryland) with an exactness
of 0.1 kg. BMI was calculated as weight/height®, with
weight expressed in kilograms (kg) and height in
meters (m).

Lipid Profile: All subjects were fasting since 12
hours before the experience started. The biochemical
components were determined through blood analysis.
Measured indicators included: total cholesterol (TC)
(mg/dl), HDL-C (mg/dl), LDL-cholesterol (LDL-C)
and TAG (mg/dl). In the laboratory, the blood serum
and plasma were then separated to calculate the
different fractions of the sample. Enzymatic methods
were used.

Blood pressure: Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured weekly
with mercury phygmomanometers, taken with the
utmost care and following the method approved by
international guidelines.” The BP levels were also
determined in situ on the day of the consultation
(casual BP).

Procedure
A clinical and nutritional interview was given to each

subject, using a worksheet with multiple indicators,
assessing life habits, cardiovascular risk factors, micro-

1106 Nutr Hosp. 2011;26(5):1105-1109

J. J. Muros Molina et al.



and macro-vascular complications and dietary and/or
pharmacological treatments. Also, BMI, BP and analyt-
ical determinations were calculated. The subject’s level
of physical activity was evaluated as sedentary or active,
with sedentary patients performing fewer than 30
minutes of moderately intense aerobic exercise (between
55 and 60% of theoretical maximum cardiac frequency)
per day. The level of physical activity was determined
through recording cardiac frequency, using Polar
RS800cx pulsometers. Through analyzing the written
list of food provided by the patient or person responsible
for his or her nutrition, as part of the sample is illiterate,
the subjects were classified according to their adherence
to proper nutrition, according to the nutritional recom-
mendations set by the WHO and guidelines of the
Mediterranean diet. Dietary treatment was performed in
an individualized manner, depending on the specific
metabolic disorders affecting each patient.” Subjects
who met these two criteria (active and proper nutrition)
were classified as compliant (C), while the remaining
subjects were classified as non-compliant (NC).

Statistical analysis

Values were expressed as mean values with their
standard errors. The obtained data was analyzed
through the statistical package, SPSS 17.0. (SPSS,
Inc.). After checking the normalcy of the variables and
verifying the inexistence of significant gender-based
differences, the t-test and non-parametric tests were
performed, as applicable, in order to evaluate the statis-
tical differences between the subjects characteristics in
terms of various parameters. The y>test was used to
compare proportions.

Results

Figure 1 shows the prevalence of MS components
among the sample groups. BMI, high basal glucose
levels and high BP are the most common of these
components among men, while women more commonly
experience high glucose levels and BMI, and low
levels of HDL-C. In all of the subjects, three of more of
these components were altered.

Table 1
Differences in MS-related parameters in accordance
with level of physical activity

Sedentary Active P Value
TAG 2415+959 150.9+83.8 0.007
HDL-C 359+14.9 58.9+21 0.000¢
LDL-C 139.3+452 111+412 0.002*
TC 219+52.7 200+43.1 0.061
Glycaemia 154325 1264+28.3 0.001¢
SBP 1343175 133.9+123 0.907
DBP 712493 72.5+82 0.481
BMI 329+45 30.5+4.7 0.004

p<0.05, p<0.01" p<0.001° TAG: Triglycerides; HDL-C: High Density Lipoprotein
Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; TC: Total Cholesterol;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BMI Body Mass Index.

Table I demonstrates how physically active subjects
show lower BMI values, as well as lower TAG and
LDL-C levels, with statistically significant differences.
TC values were also lower, but the differences were not
statistically significant. Active subjects have higher
HDL-C levels, with statistically significant differences
when compared with sedentary subjects. Systolic and
diastolic blood pressure (SBP and DBP, respectively)
revealed no differences between the two groups.

Table II displays the type of dietary habits adopted
by the subjects. The results show how subjects who
follow the WHO’s nutritional recommendations have
lower BMI values and TAG, LDL-c and TC levels,
with statistically significant differences. Compared with
those who do not follow these recommendations,
compliant nutritional recommendations subjects have
higher HDL-C levels, with statistically significant differ-
ences. Compared with non-compliant nutritional recom-
mendations subjects, SBP revealed reductions in subjects
who followed the dietary recommendations, with statisti-
cally significant differences, when comparing DBP did
not reveal differences between the two groups after the
dietary treatment.

Table 11
Differences in MS-related parameters according
to diet type

 100%

0 20 40 60

80 100

Fig. 1.—

Lifestyle in improving metabolic

syndrome

Healthy diet Unhealthy diet PValue
o TAG 14324712 275241105 0.000°
| HDL-C 5574211 312124 0.000°
CHDL [ LDLC 115.8+39.9 141.7+48.2 0.005"
Tracylgycenls | m— C 198.7£38.4 25.7+57.1 0.006'
B B o a-50 Glycaemia 166.1+27.1 12274244 0.000¢
[r—n B Men (0=36) SBP 130.8 149 137.9415.6 0.022
Glucose i DBP 71.128.8 72.5+9 0.449
Metabolic Syndrome J 00 BMI 31.1+47 32.8+46 0.026*

p<0.05%, p<0.0I" p<0.001° TAG: Triglycerides; HDL-C: High Density Lipoprotein
Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; TC: Total Cholesterol;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BMI Body Mass Index.
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Table III
Differences in MS-related parameters according
to degree of compliance

C NC P Value
TAG 1304 482 242.1+90.1 0.001°
HDL-C 62.2+20.1 36.6+15.3 0.000¢
LDL-C 105.2+383 139.2+45 0.000¢
TC 193.5+39 220.2+52.3 0.011°
Glycaemia 121.7+255 154.8+31.9 0.000¢
SBP 1339+13 134.2+16.8 0.943
DBP 72485 71.6+9.1 0.851
BMI 30.8+49 32.5+4.6 0.026*

p<0.05%, p<0.0I", p<0.001° TAG: Triglycerides; HDL-C: High Density Lipoprotein
Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; TC: Total Cholesterol;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BMI Body Mass Index.

Table III demonstrates how C subjects show lower
BMI values, as well as TAG, LDL-C and TC levels,
with statistically significant differences. C subjects
have higher HDL-C levels, with statistically significant
differences in comparison with NC subjects. The two
groups did not present differences in systolic and dias-
tolic blood pressure.

Table IV shows how the probability of suffering
from MI increases in a statistically significant way
among the group of non-compliant subjects, compared
with the group of compliant subjects.

Discussion

This study suggests that performing moderate
physical activity on a regular basis significantly
reduces various MS-related parameters. Subjects who
perform this type of physical activity show lower
values in terms of TC, LDL-C, TAG, glycaemia and
BML, and higher levels of HDL-C. These findings
concur with previous studies which show that regular
physical activity is an important protective factor
against metabolic illnesses, as it prevents and reduces
established atherosclerotic risk factors, including
high TAG and low HDL cholesterol.*>>* Studies such
as that of Ekelund et al., performed on a sample of
3,193 young Europeans, demonstrate how performing
a minor physical activity reveals a positive relation-

Table IV
Incidence of myocardial infarction according
to degree of compliance

ship with a lesser prevalence of MS after making
adjustments for age and sex.”

Our study shows how subjects who do not adopt
proper dietary habits show greater MS-related parame-
ters. A diet with excessive calorie intake is considered a
risk factor for suffering from MS.* Various bibliographic
references confirm that the ideal diet for preventing MS
should be personalized and include healthy eating habits,
which are beneficial not only for effective weight loss,
but also for body weight maintenance and the reduction
of CVD and MS-related parameters.”

In recent years, there has been increasing interest in
implementing Mediterranean diets, as the effect of this type
of diet on CVD- and MS-inducing parameters has been
demonstrated.” Intervention studies such as ours show that
following a Mediterranean diet reduces TC, LDL-C,"”
TAG”and BP levels due to the mono and polyunsaturated
fats in olive 0il,* and increases HDL-C values.”'

MI control is essentially based on the management
of risk factors, such as diabetes, dyslipidemia, hyper-
tension, abdominal obesity and smoking. In recent
times, and with more and more relevance, this control
is based on lifestyle, with the pillars of diet and phys-
ical exercise.”” Our study shows how compliant
subjects have a lesser probability of suffering from ML
These results coincide with previous findings which
demonstrate arelationship between physical inactivity,
coronary artery disease and cardiovascular mortality,*
and between following a healthy diet and the produc-
tion of benefits in terms of morbidity among patients
with acute myocardial infarction. The findings are in
accordance with previous cohort studies which show
that subjects who adhere to healthy lifestyles have less
than one-tenth of the probability of suffering from MI
that subjects who do not lead a healthy lifestyle have.**

Conclusions

Our results show how performing physical activity
and adhering to an individualized, Mediterranean diet
significantly reduces MS-related parameters. The
results demonstrate the need to obtain more specific
recommendations concerning the quantity and inten-
sity of physical activity needed in order to prevent MS,
as well as dietary studies which indicate the most effec-
tive diet for reducing MS-related parameters. Preven-
tive efforts should focus on motivating people to
improve their lifestyles. Governments and educational
and health centres should joing forces to implement
programs which incorporate physical activity and the
promotion of a Mediterranean diet, and which assist
with the prevention of MS.
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CONCLUSION

Conclusion General

Los resultados de la presente memoria de Tesis ponen de manifiesto la importancia y

utilidad de las intervenciones combinadas de actividad fisica y nutricibn como

determinantes de salud. La metodologia utilizada en estas intervenciones puede ser

utilizada como estrategia educativa y sanitaria para la prevencion de diversas

enfermedades, asi como para la reduccion de las mismas.

Esta conclusion general se sustenta en las siguientes conclusiones especificas, derivadas

de cada capitulo presentado:

El perfil calorico de la dieta de los nifios y jovenes granadinos esta
desequilibrado existiendo un alto porcentaje energético proveniente de la ingesta
de lipidos y proteinas y bajo porcentaje proveniente de los carbohidratos. Existe
un alto porcentaje de niflos y jovenes con IMC superiores a los establecidos
como normopeso. El porcentaje de nifios que manifiestan ser activos es bajo y se

va reduciendo con la edad.

Intervenciones de corta duracion que incorporan realizacion de actividad fisica
vigorosa y educacién nutricional tanto a padres como a nifios y de manera

combinada, muestran mejoras en parametros relacionados con la salud.

El efecto combinado de la actividad fisica vigorosa, la educacion nutricional y la
sustitucidn del aceite habitual por aceite de oliva virgen extra ha mostrado ser la
intervencidn que mas beneficios produce sobre los parametros saludables en

nifios, en comparacion con intervenciones aisladas.

Una intervencion basada en una actividad fisica moderada-vigorosa durante un
periodo de seis meses y una ingesta crénica de aceite de oliva virgen extra
durante el ultimo mes de intervencidn, ha producido una mejora en la actividad

de la enzima antioxidante catalasa en nifios sanos.
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VI.

Con un programa de entrenamiento aer6bico de alta intensidad (75-80%
VO,max) de 8 semanas, 2 dias por semana, es posible mejorar la capacidad
aerobica de los alumnos durante las clases de Educacion Fisica. La adicion de
una tercera sesion extra de ejercicio intenso semanal supone un incremento de la

mejora en las chicas pero no en el caso de los chicos.

La realizacion de actividad fisica de tipo aerobico y la adhesion a la dieta
mediterranea reducen significativamente el riesgo de sufrir infarto de miocardio

en sujetos con sindrome metabdlico.









CONCLUSION

Overall conclusion

The results of the present work highlight the importance and usefulness of combined

physical activity and nutrition interventions in improving health determinants. The

methodology used for these interventions can be used like an education and health

strategy for the reduction and/or prevention of illness and disease.

This overall conclusion is supported by the conclusions derived in the following

chapters:

The calorie profile of the diet of children and young people from Granada is
imbalanced. There is a high intake of lipids and proteins and a low intake of
carbohydrates. A high percentage of the studied subjects had higher values for
BMI that which is considered to be normal. The percentage of subjects who are

physically active is low and is decreasing further with age.

Short-duration physical activity and nutritional education involving both parents

and children appear to improve health-related parameters.

A program incorporating vigorous physical activity, nutritional education and
the replacement of normally used oils with extra virgin olive oil, can improve
health-related parameters in children relative to children receiving just one of
these components.

Six months of moderate-vigorous physical activity and consumption of extra
virgin olive oil in the last month of intervention improved the catalase

antioxidant system of healthy children.

Two sessions per week of high intensity aerobic training (75-80% VO,max)
delivered over 8 weeks improves the aerobic capacity of students during
physical education classes. An extra session of intense exercise per week results

in a greater improvement in girls which is not seen in boys.
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VI.  Engaging in aerobic physical activity and following an individualized
Mediterranean diet reduces the risk of suffering myocardial infarction for

subjects with metabolic syndrome.
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