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RESUMEN

Durante la adolescencia se desarrollan y afianzan comportamientos que tienen una importante
repercusion sobre la salud de las personas, tanto a corto como a largo plazo, y que serén dificiles
de modificar en la vida adulta. Los habitos de vida poco saludables (ej.: el bajo nivel de
actividad fisica, una alimentacién poco saludable o el consumo de tabaco y alcohol) son
determinantes en el desarrollo de enfermedades no transmisibles en la edad adulta y cuyos
factores de riesgo se pueden identificar durante la edad infanto-juvenil. Conocer la relacion
entre dieta, actividad fisica y salud cardiovascular en adolescentes resulta de interés para
prevenir futuras enfermedades, asi como reducir el gasto sanitario.

La presente memoria de Tesis Doctoral tiene como objetivo estudiar la relacion entre factores
relacionados con el estilo de vida (dieta y actividad fisica) y marcadores de salud (composicién
corporal, condicién fisica y factores de riesgo cardiovascular) en adolescentes.

Los trabajos que componen la presente memoria de Tesis Doctoral estan basados principalmente
en datos procedentes del proyecto HELENA pero también se incluyen datos del EYHS, de un
estudio en jévenes britanicos con diabetes Tipo 1 y del estudio ALPHA. Un total de 2.148
adolescentes de 9 paises europeos (HELENA), 321 adolescentes suecos (EYHS), 60 nifios y
adolescentes con diabetes (Estudio britanico), y 138 nifios y adolescentes de la provincia de
Granada (ALPHA) han sido evaluados en la presente memoria de Tesis.

Los principales resultados sugieren que: a) La combinacion de una dieta saludable y un estilo de
vida fisicamente activo se asocia con una mejor salud cardiovascular en adolescentes. Ademas,
un estilo de vida fisicamente activo puede atenuar los efectos negativos de una dieta poco
saludable. b) Se han observado patrones de comportamiento o agrupaciones de maultiples
componentes de estilos de vida; dichos patrones difieren en funcion del género o la edad, y se
relacionan con la condicion fisica. ¢) Los adolescentes mas activos y delgados tienen un mayor
consumo de energia que los menos activos y delgados. d) Un mayor consumo de productos
lacteos y pan/cereales y menor ingesta de bebidas endulzadas se asocia con una alta capacidad
aerobica. e) Tomar el desayuno no parece estar relacionado con la actividad fisica, el
sedentarismo y algunos componentes de la condicién fisica en adolescentes (fuerza muscular y
habilidad motora). Sin embargo, tomar el desayuno se asocia con una mayor capacidad
aerdbica. f) Un mayor consumo de chocolate se asocia con una menor adiposidad central y total
en adolescentes. g) El consumo de huevo no se asocia con factores de riesgo cardiovascular en
adolescentes. h) La actividad fisica de intensidad moderada a vigorosa se asocia con un mejor
control de la glucemia en nifios y adolescentes con diabetes Tipo 1. i) Habitos alimentarios,
composicién corporal y condicion fisica pueden ser evaluadas periédicamente en el dambito
escolar y dicha informacion puede incluirse en el Informe de Salud Escolar.

La presente memoria de Tesis Doctoral muestra que una dieta saludable y ser fisicamente activo
se asocia con una menor obesidad, un alto nivel de condicion fisica (entendida como un
indicador fisioldgico de salud) y un perfil cardiovascular favorable en adolescentes. Ademas, los
resultados muestran que un estilo de vida fisicamente activo puede reducir las consecuencias
adversas de una dieta poco saludable. La presente tesis muestra que la actividad fisica de
intensidad moderada a vigorosa se asocia con un mejor control glucémico en jovenes con
diabetes Tipo 1. Finalmente, se propone un addendum al Informe de Salud Escolar basado en el
estudio de la dieta, la composicidn corporal y la condicion fisica, que permitira detectar a nifios
y adolescentes con una dieta poco saludable, sobrepeso y/o baja condicién fisica. Los datos
confirman la necesidad de fomentar una dieta equilibrada y la practica regular de actividad
fisica de intensidad moderada a vigorosa desde los sistemas educativos para alcanzar un estado
Optimo de salud cardiovascular en los adolescentes.
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SUMMARY

Adolescence is a period in which important behaviours are settled and they have a significant
impact on the health of people in a short and long term. Some of these behaviours will be
difficult to change in adulthood. An unhealthy lifestyle (e.g.: low level of physical activity,
unhealthy diet, smoking or alcohol consumption) are crucial in the development of non-
communicable diseases in adulthood and these risk factors might be identified early in life. To
know the relationship between diet, physical activity and cardiovascular health in adolescents is
of interest in order to prevent future disease and reduce health care costs.

In this context, the overall aim of this Doctoral Thesis was to study the relationship between
factors related to lifestyle (diet and physical activity) and markers of health (body composition,
fitness and cardiovascular risk factors) in adolescents.

The current Doctoral Thesis was based primarily on data from the HELENA project, yet some
data come from the EYHS. In addition, a study in British young people with Type 1 diabetes
and the ALPHA study were also included. A total of 2148 adolescents from 9 European
countries (HELENA), 321 Swedish adolescents (EYHS), 60 children and adolescents with
diabetes (British Study), and 138 children and adolescents from Granada (Spain) (ALPHA)
have been studied in this Thesis.

The main findings indicate that: a) A combination of healthy diet and active lifestyle is related
to a healthier cardiovascular profile in adolescents. In addition, an active lifestyle may attenuate
the adverse consequences of an unhealthy diet. b) Clustering of different lifestyle behaviours are
observed in adolescents and this clustering differs by gender and age, and are associated with
physical fitness. c) More physically active and leaner adolescents have higher energy intakes
than less active and fatter adolescents. d) A higher intake of dairy products and bread/cereals,
and a lower consumption of sweetened beverages is associated with a high cardiorespiratory
fitness. e) Breakfast consumption does not seem to be related to physical activity or sedentary
time of European adolescent, neither some physical fitness components as muscular fitness or
speed-agility. Breakfast consumption, however, is associated with cardiorespiratory fitness. f) A
higher chocolate consumption is associated with lower central and total fatness in adolescents.
g) Egg intake is not associated with cardiovascular disease risk factors in adolescents. h)
Moderate-to-vigorous physical activity is associated with better glycaemic control in young
people with Type 1 diabetes. i) Dietary habits, body composition and physical fitness can be
assessed at school and this information be include into the Report of Health delivered at the
School.

This Doctoral Thesis shows that a combination of healthy diet and active lifestyle is associated
with lower adiposity (thus less risk of obesity), a higher level of physical fitness (which is a
physiological indicator of health) and a more favorable cardiovascular profile in adolescents. It
also suggests that an active lifestyle can reduce the adverse consequences of an unhealthy diet.
Moreover, moderate-to-vigorous physical activity is related with better glycaemic control in
young people with Type 1 diabetes. Finally, this Thesis proposes an addendum to the Report of
School Health based on the evaluation of food habits, body composition and physical fitness;
which will be able to identify children and adolescents with an unhealthy diet, overweight
and/or low physical fitness. These data support the need to promote a balanced diet and regular
moderate to vigorous physical activity at education settings in order to achieve an optimal
cardiovascular health in adolescents.
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INTRODUCTION [INTRODUCCION]

Non-communicable diseases, such a cardiovascular diseases, cancer, diabetes and chronic
respiratory diseases, are still the most common causes of death in European countries and are
decisively affected by lifestyle choices'?. Unhealthy diet, physical inactivity and other lifestyle
behaviours are associated with the development of serious and highly prevalent diseases such as
cancer, heart disease, stroke, and diabetes®. Diet and nutrition are important factors in the
promotion and maintenance of good health throughout the entire life course. Both single dietary
recommendation (e.g.: to increase the intake of fruit and vegetables) and dietary indices or
dietary patterns, as a measure of overall dietary quality, have been associated with health
outcomes, major chronic diseases and mortality*®. Regular physical activity is also associated
with many health benefits (e.g.: high cardiorespiratory fitness, low fatness, a healthier lipid
profile and blood pressure, and a lower insulin resistance) and reduced risk of mortality’.
Moreover, combination of these and other risk factors such as tobacco and alcohol increases the
risk of early death®. Based on this evidence, the World Health Organization supports that the
key for health promotion and disease prevention in the 21* century is to establish policies and

environments that support positive health behaviours and a healthy lifestyle®.

Non-communicable diseases have their origin during childhood and adolescence™, but
the complex relationship between all of these processes and the development of non-
communicable diseases is poorly understood. Adolescence is a crucial period in life and implies
multiple maturational, physiological and psychological changes that affect nutritional needs and
habits choices. It is during adolescence when lifestyle behaviours tend to consolidate. Recent
studies suggest that the prevalence of negative health behaviours among adolescents has

increased dramatically over the past few decades'™?

, which may have a significant impact on
the health of adolescents both in a short and long term. Thus, the promotion of a healthy
lifestyle in childhood and adolescence may reduce the development of diseases in adulthood.
However, there is a need to better understand how the interaction of lifestyle behaviours affects
markers of health in young people. These findings would be of interest to develop strategies for
prevention of unhealthy habits. The HELENA (Healthy Lifestyle in Europe by Nutrition in
Adolescence) study, a multi-center study conducted in ten European cities, was carried out to
address this issue'®. The overall aim of the HELENA cross-sectional study was to obtain a
reliable and comparable data on nutritional and health-related parameters such as obesity
indicators, blood lipid profile, blood pressure, insulin resistance or physical fitness, among

others, in European adolescents.
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Diet, physical activity and cardiovascular disease

The traditional cardiovascular disease risk factors are high levels of total cholesterol together
with low levels of high-density lipoprotein cholesterol, high levels of triglycerides, insulin
resistance, blood pressure, as well as an excess of total and central body fat**. Moreover, low
levels of cardiorespiratory and/or muscular fitness have more recently also been considered a
strong cardiovascular disease risk factors in adolescents****. Although independent associations
of diet and physical activity with cardiovascular disease risk factors have been reported in
adolescents™ ', little is known about the combined influence of both on cardiovascular disease
risk. To know the combined influence of diet quality and physical activity on cardiovascular
disease risk would provide interesting findings on the interaction between lifestyle behaviours

and cardiovascular health status in adolescents (Paper I).

Clustering of lifestyle behaviours and health status

Most studies in young people have focused on the importance of independent lifestyle
behaviours, despite the fact that research suggests the coexistence (i.e., clustering) of different
behaviours. Moreover, studies report that healthy lifestyles do not always come together among
young people'’.Thus, identify clustering of multiple health behaviours (e.g.: physical activity,
types of sedentary behaviours and dietary patterns as a measure of overall dietary quality) is
needed to inform effective intervention programs. On the other hand, studies investigating on
the clustering of behaviours and their combined effect on markers of health is inconsistent (e.g.,
body composition) or limited (e.g., aerobic capacity) in adolescents*®?. Consequently, there is a
need to better understand how the clustering of lifestyle choices affects cardiovascular health

markers in adolescents (Paper I1).

Diet, physical activity and body composition

The prevalence of pediatric obesity has increased for decades and although a plateau has been
observed in some countries, the prevalence is still high and is a main public health concern®. It
is important to enhance our understanding of the etiology of obesity so that we can institute
effective public health preventive efforts. Dietary factors (e.g. amount of energy intake and diet
quality) and physical activity have great influence on development of healthy bodies, that is, the
amount of fat, muscle and bone tissue'. Positive energy balance mainly driven by relatively
high energy intake has traditionally explained the modifiable cause of obesity?’. However,
restriction of energy intake, in young people may make it difficult to meet the nutritional needs
of growth and may also lead to dangerous eating disorders®. On the other hand, an increase in

energy expenditure through physical activity is likely to be one of the major factors contributing
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to the global epidemic of overweight and obesity or, on the contrary, developing healthy
bodies**®. Should we promote physical activity rather than energy restriction to prevent
overweight in young people? (Paper I11).

Diet, physical activity, physical fitness and cardiovascular risk factors

Physical fitness is a marker of health both during adolescence® and later in adulthood®. Higher
levels of fitness are associated with many positive health outcomes (e.g., improved
cardiovascular profile)®®. Although physical fitness is in part genetically determined®, it is also
influenced by environmental factors, particularly physical activity, and it is at present unknown
how it is associated with nutrition. Active adolescents have higher levels of cardiorespiratory
fitness and identifying which dietary behaviours are related or co-exist with high levels of
cardiorespiratory fitness is also of Public Health interest. In fact, dietary patterns have been
associated with the overall cause of mortality, but diet-disease relationship was largely
confounded by cardiorespiratory fitness®.On the other hand, specific diet habits, such skipping
breakfast, has been associated with less healthful behaviours, including poorer overall dietary

quality or food choose and inactive lifestyle in adolescents™ 3%

, which may lead to an
unfavorable cardiovascular profile®*. Other example is eggs intake, traditionally eggs intake has
been associated with an unhealthy cardiovascular profile due to its high cholesterol content;
however, recent studies have not observed this relationship®*°. Thus, it is of interest to know the
relationships between specific dietary factors and physical fitness (as physiological health

indicators) and cardiovascular profile in adolescents (Papers IV-VII).

Physical activity and metabolic diseases

Improving lifestyle strategies, such as healthy diet and regular physical activity, are
recommended in the management of diabetes in adults (e.g.: optimize glycaemic control)®.
However, there is inconsistent information about the association between physical activity and
glycaemic levels among young people with Type 1 diabetes. For example, some researchers
have suggested that physical activity may account for some of the variance in HbA1c levels®,
while other research groups have reported no association between physical activity and
HbALc** In order to better educate families living with young people with diabetes, more
evidence on how physical activity influence medium-to long-term glycaemic control is needed

(Paper VIII).
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Proposal for an addendum to the Report of School Health

A periodic control of the health status and lifestyle behaviours in early life may be an effective
tool to reduce the incidence of major diseases in adulthood. The key of the prevention is linked
to a multidisciplinary approach including the individual and their environment. The school is
adequate environment to promote healthy lifestyle habits as healthy diet and physical activity
among other. The physical education teachers are qualified to evaluate markers of health related
to body composition and physical fitness and to identify unhealthy lifestyle behaviours®. This
information can be incorporated into the Report of School Health so providing a better health
control during childhood and adolescence. Consequently, it could identify young people with
high risk, that is, poorer diet, overweight and/or low level of fitness. The long-term goal should
be that the young people reach maturity being able to maintain a healthy lifestyle that will
maintain a state of optimal health for as long as possible. It is interest regularly evaluate
lifestyle behaviours and markers of health, easy to assess, and done by the physical education
teacher and to show them as an addendum to the Report of School Health to inform both family

and primary health care physicians(Paper IX).

Based on the aforementioned evidence, the present Doctoral Thesis contributes to the
current knowledge on the interaction of diet and physical activity on cardiovascular health of
European adolescent, especially its association with body composition, physical fitness and
cardiovascular risk factors. The relationships among the main topics studied in this Doctoral

Thesis are displayed in the Figure 1.
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Figure 1. Conceptual model illustrating the combined and independent association of diet and
physical activity with body composition, physical fitness and other cardiovascular disease risk

factors.
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Resumen

La practica de actividad fisica previene el desarrollo de factores de riesgo cardiovascular ya
desde la infancia y adolescencia. Entre esos factores de riesgo se encuentra la obesidad, la
dislipidemia, la hipertension o la resistencia a la insulina. Es méas, una baja condicién fisica,
tanto en su vertiente de capacidad aer6bica como de fuerza muscular también se consideran
factores de riesgo cardiovascular en si mismos. Respecto a la actividad fisica, existe hoy
suficiente evidencia cientifica como para afirmar la existencia de una relacion inversa entre
nivel de actividad fisica y cada uno de los factores de riesgo antes mencionados. Esta relacion es
mas consistente cuando se trata de actividad fisica de vigorosa intensidad que cuando se trata de
actividad fisica de menor intensidad. En cualquier caso, hay que sefialar que cualquier nivel de
actividad fisica es mejor que ninguna pues, como minimo, ayuda a regular el equilibrio entre la
ingesta y el gasto energético. La practica de actividad fisica, y que ésta tenga un componente de
intensidad moderada-vigorosa, debe estar presente ya desde la infancia o la adolescencia. Para
ello, programas de prevencion y educacion pueden ser la principal y mas efectiva herramienta
para instaurar un patron de vida saludable entre los jovenes de cara a alcanzar una salud 6ptima

presente y futura.
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Introduccion

El estilo de vida de una persona estd influenciado por los multiples cambios madurativos,
fisioldgicos y psicologicos que en gran parte tienen lugar durante la infancia y la adolescencia.
Es mas, estos hébitos de estilo de vida pueden tener una importante repercusion sobre la salud
en la vida adulta. Los hébitos que se instauran en la adolescencia tales como hacer actividad
fisica, tomar frutas o verduras, beber alcohol o fumar suelen persistir durante mucho tiempo. Es
mas, un habito o estilo de vida instaurado desde esas edades tempranas de la vida suele ser de
dificil modificacion en la edad adulta.

Estudios recientes sugieren que tanto la falta de actividad fisica como una dieta no
saludable son dos claros factores determinantes no sélo de enfermedad cardiovascular sino
también de muchas otras enfermedades. Entre los factores de riesgo para desarrollar enfermedad
cardiovascular se incluye la resistencia a la insulina, alteraciones del perfil lipidico, la
hipertension o la obesidad. Ademas, tanto la inactividad fisica como unos bajos niveles de
capacidad aerdbica o fuerza muscular son también factores asociados con el desarrollo de la

enfermedad cardiovascular tanto en adultos como en jévenes®?.

Las enfermedades cardiovasculares suelen hacer su aparicion clinica en la edad adulta
tardia. Sin embargo, numerosos estudios muestran que dichas enfermedades se inician en
edades mas tempranas teniendo durante muchos afios un curso subclinico®. El fomento e
incremento de los niveles de actividad fisica pueden jugar un papel fundamental en la
prevencion de patologias asociadas a la enfermedad cardiovascular no sélo en la vida adulta

sino durante la propia infancia y adolescencia.

La prevencion va ligada a un enfoque multidisciplinar que implica al individuo y a su
entorno. En este sentido, la escuela juega un papel fundamental ayudando a promover la
actividad fisica, entre otros habitos de vida saludables. De hecho, estos contenidos estan
presentes en la programacion curricular dentro de la asignatura de Educacion Fisica. Por otro
lado, el docente de esta especialidad esta perfectamente capacitado para evaluar la condicion
fisica de sus alumnos y observar su evolucién a lo largo del periodo de escolarizacion®®. En
consecuencia, resulta posible llevar un registro tanto de la condicion fisica como del nivel de
actividad fisica practicado a lo largo del periodo de escolarizacion y ser estos datos
incorporados al informe de salud escolar’. Esta informacion es relevante en términos de salud y
ello en base a una importante y reciente evidencia cientifica, lo cual vamos a mostrar a lo largo
de este capitulo. En base a todo ello, establecer estos registros periddicamente puede ayudar a
detectar a aquellos jovenes con un bajo nivel de condicién fisica y/o problemas de sobrepeso,
como consecuencia de un alto nivel de sedentarismo y/o una inadecuada alimentacion. El

objetivo a largo plazo deberia ser que los jovenes alcancen la madurez siendo capaces de
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mantener habitos de vida saludables que permitan mantener un estado de salud 6ptimo por el
mayor tiempo posible. Programas que fomenten héabitos saludables, desarrollados en los centros
escolares y abalados por los docentes de la especialidad de Educacion Fisica, pueden ser una
herramienta efectiva para reducir la incidencia de las principales patologias que aparecen en la
edad adulta como consecuencia de un estilo de vida poco saludable.

En este capitulo se revisan los estudios epidemioldgicos mas recientes donde se pone de
manifiesto la relacion entre la actividad fisica y diversos factores de riesgo para la salud
cardiovascular presente y futura en nifios y adolescentes (Figura 2).

Factores ambientales/ sociales/genéticos

T A A

Otrog factores \
(dieta, fumar, ACTIVIDAD FiSICA
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! ! ! ! !
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Figura 2. Representacion gréfica de las asociaciones entre actividad fisica y diversos pardmetros de
salud. Adaptado de Ruiz y Ortega 2009°.

Actividad fisica y Condicion fisica

Los conceptos de Actividad Fisica y Condicion Fisica, aunque inter-relacionados e inter-

influenciables, son claramente diferentes.

Actividad Fisica. La actividad fisica hace referencia a cualquier movimiento corporal
producido por la contraccién de los musculos esqueléticos y que implica un cierto gasto
energético. Puede corresponder a las distintas actividades que se realizan a lo largo del dia y que
incluyen: el desplazamiento o transporte, la actividad escolar o laboral, la participacion en

actividades domésticas o extraescolares y las actividades de ocio que se tienen. Aquella
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actividad fisica practicada de manera intencionada, repetitiva y estructurada es lo que

conocemos hoy dia por ejercicio fisico.

La valoracion de la actividad fisica que una persona practica es especialmente dificil en
nifios/adolescentes. Existen diferentes métodos para evaluar la actividad fisica descritos en la
literatura, entre ellos destacan: métodos objetivos (monitorizacion de la frecuencia cardiaca,
acelerometria, etc.) y métodos subjetivos (entrevistas, cuestionarios, etc.). Entre los métodos
objetivos disponibles, estan los sensores de movimiento, también conocidos como
acelerémetros, que han demostrado ser un método viable y valido capaz de ofrecer informacién
atil acerca de la duracion, frecuencia e intensidad de la actividad fisica que se lleva a cabo. Por
otro lado, los métodos subjetivos son los mas usados en estudios poblacionales por su bajo
coste, sin embargo, se sabe que son poco precisos para evaluar el nivel de actividad fisica,

especialmente en nifios.

Condicion fisica. Un factor intimamente ligado al nivel de actividad fisica y/o ejercicio
que se practica es el estado de condicion fisica que tiene la persona. La condicién fisica (o
forma fisica) se define como la capacidad que una persona tiene para realizar actividad fisica
ylo ejercicio, y constituye una medida integrada de todas las funciones y estructuras que
intervienen en la realizaciéon de actividad fisica o ejercicio. Estas funciones son la musculo-
esquelética, cardio-respiratoria, hemato-circulatoria, endocrino-metabdlica y psico-neurolégica.
Un alto nivel de condicién fisica implica una buena respuesta concatenada y fisioldgica de todas
ellas. Por el contrario, tener una mala condicién fisica podria indicar un malfuncionamiento de

una o varias de esas funciones.

La evaluacion de la condicion fisica en estudios epidemioldgicos es relativamente
reciente, y su aplicacion al ambito de la salud ha originado el sobrenombre de condicion fisica
relacionada con la salud (en inglés health-related physical fitness). Segun directrices del
American College of Sport Medicine® la condicidn fisica relacionada con la salud comprende un
conjunto de cualidades fisicas tales como la capacidad aerébica, fuerza y resistencia muscular,
movilidad articular, velocidad de desplazamiento, agilidad, coordinacion, equilibrio y
composicién corporal. De todas las cualidades que componen la condicidn fisica, la capacidad
aerobica, la fuerza muscular y composicion corporal han sido las que han adquirido una mayor

relevancia cientifica en el &mbito sanitario.

El nivel de condicion fisica se puede evaluar objetivamente mediante distintos test,
dependiendo de la cualidad que queramos evaluar. Estos test pueden ser de laboratorio o de
campo. Los test de laboratorio tienen la ventaja de que se realizan bajo unas condiciones muy
controladas, sin embargo su uso se limita en la mayoria de los casos a estudios de fisiologia del

ejercicio.
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Tres pruebas de condicién fisica ampliamente utilizadas son la prueba de esfuerzo
maxima, el estudio de la fuerza muscular y el estudio de la composicion corporal. La prueba de
esfuerzo méxima permite conocer el nivel de capacidad aerébica méxima (también conocido
como consumo maximo de oxigeno) de la persona evaluada. En jovenes, el test de campo méas
utilizado para estimar la capacidad aerébica es el test de 20 metros de ida y vuelta, también
conocido como test de Course Navette o Shuttle-Run, en terminologia francesa e inglesa,

respectivamente.

La fuerza muscular del tren inferior se ha evaluado tradicionalmente mediante el test de
salto a pies juntos. Para evaluar la fuerza en el tren superior podemos emplear un test muy
sencillo usando un dinamémetro manual que determinara la fuerza maxima de prension que se
puede aplicar con la mano. El test de dinamometria manual ha sido extensamente utilizado en
adultos y nuestro grupo ha hecho un gran trabajo para minimizar el indice de error de medida en
jovenes y adultos™*2. Entre los test més utilizados para medir la velocidad de desplazamiento,
agilidad y coordinacién en nifios y adolescentes destaca el test de la carrera de ida y vuelta de 4

X 10 metros.

La composicion corporal puede ser evaluada usando diversos métodos que van desde
los més sofisticados equipamientos de laboratorio (como los métodos de referencia) a los
métodos mas sencillos y ampliamente utilizados como son los métodos antropométricos. Los
métodos de referencia, como por ejemplo, la absorciometria dual de rayos X (DXA) o BodPod,
se utilizan en estudios epidemioldgicos e implican un elevado coste para su uso. Por otro lado,
los métodos antropométricos han sido ampliamente empleados, son de féacil aplicacion y bajo
coste. Entre los métodos antropométricos destacamos el indice de masa corporal (IMC = Peso
(kg)/Talla (m)?)), perimetro de cintura o el porcentaje de grasa corporal mediante la medida del
espesor de los pliegues subcutaneos. Mientras que las limitaciones de la medida de IMC son
bien conocidas, el uso del perimetro de cintura (como indicador de obesidad central o
abdominal) o el porcentaje de grasa (como indicador de grasa total) han sido ampliamente
utilizados para evaluar la composicion corporal en estudios epidemioldgicos debido a su

fiabilidad, rapida evaluacion y bajo coste. Las ecuaciones de Slaughter et al.*®

permiten obtener
el porcentaje de grasa corporal mediante la evaluacion de tan sélo dos pliegues cutaneos (triceps

y subescapular) en nifios y adolescentes.

Recientemente se han realizando importantes esfuerzos para disponer de baterias de test
validadas que reporten informacion vélida y fiable sobre la mejor forma de evaluar la condicién
fisica relacionada con la salud tanto en la poblacion adulta como joven. En este sentido, nuestro
grupo ha participado en el proyecto ALPHA (Assesing Levels of Physical Activity and Fitness)

(www.thealphaproject.net), un estudio multicéntrico que ha proporcionado una serie de

instrumentos para evaluar los niveles de actividad fisica y de condicion fisica de forma
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comparable en los paises miembros de la Unién Europea®. En este marco, nuestro grupo ha
realizado varios estudios metodoldgicos en personas jovenes y revisiones sistematicas para
determinar aquellos test que permiten evaluar la condicidn fisica relacionada con la salud y ha
seleccionado aquellos que cumplieron con los siguientes requisitos: ser indicadores del estado
de salud en la edad adulta®, ser vélidos (esto es, medir lo que se pretende medir)®, ser fiables
(es decir, cuando la evaluacion se realiza varias veces el resultado es consistente)'’ y ser
sencillos de realizar, poco costosos y viables para ser utilizados tanto en estudios poblacionales

como en el &mbito escolar®.

Como consecuencia de la evidencia cientifica, hemos proporcionado una bateria de test
de campo para la evaluacion de la condicion fisica relacionada con la salud en nifios y
adolescentes: ALPHA-Fitness®. La bateria desarrollada incluye los siguientes test: (1) test de ida
y vuelta de 20 metros para evaluar la capacidad aerdbica, (2) test de fuerza de prension manual
y (3) test de salto de longitud a pies juntos para evaluar la capacidad muasculo-esquelética, y (4)
el IMC, (5) el perimetro de la cintura, y (6) los pliegues cutaneos (triceps y subscapular) para
evaluar la composicion corporal (Figura 3). Ademas, se incluyen 2 variantes: la bateria
ALPHA-Fitness primaria, o de alta prioridad, y la bateria ALPHA-Fitness extendida. La bateria
ALPHA-Fitness de alta prioridad incluye todos los test excepto la medida de pliegues cutaneos
y se aconseja en aquellas situaciones en las que no se disponga de mucho tiempo. En el caso de
gue el tiempo no sea una limitacion se recomienda utilizar la bateria ALPHA-Fitness extendida,

que incluye todos los test y ademas del test de velocidad y agilidad de 4x10 m.

/ Bateria ALPHA-Fitness basada en la Evidencia: Evaluacién de la \
Condicién Fisica Relacionada con la Salud en Nifios y Adolescentes

Capacidad musculo-

Capacidad aerébica Composiciéon Corporal

esquelética
Test de ida y vuelta Fuerza de prension Peso & Altura (IMC)
de 20 m manual

Salto en longitud a pies

juntos Perimetro de cintura

Pliegues cutaneos
Triceps & Subescapular

- /

Figura 3. Bateria ALPHA-Fitness basada en la evidencia cientifica. IMC indica indice de masa corporal

(peso en kilogramos dividido por el cuadrado de la altura en metros, kg/m?). Traducido de Ruiz y

colaboradores °.
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Actividad fisica y salud. Evidencia cientifica
Actividad fisica y adiposidad

El sobrepeso y la obesidad suponen actualmente un problema de salud de gran transcendencia
que afecta tanto a adultos como a nifios y adolescentes. Las consecuencias del exceso de grasa
corporal son bien conocidas, ademéas se ha demostrado que tener un exceso de peso a edades

tempranas aumenta el riesgo de padecer enfermedades cardiovasculares futuras™.

Independientemente de la cantidad total de masa grasa que una persona posee, la forma
como ésta se distribuye en el cuerpo es también relevante para la salud. Un exceso de grasa en
la zona del tronco y en la zona abdominal (también conocida como obesidad central, abdominal
0 androide) se asocia a una mayor incidencia de factores de riesgo cardiovascular y sindrome

metabélico en nifios y adolescentes™.

Se ha demostrado que la actividad fisica esta inversamente relacionada con el sobrepeso
y la obesidad. Estudios recientes han puesto de manifiesto la importancia que tiene la intensidad
a la que se practica actividad fisica para la prevencion del sobrepeso y obesidad %. Ademés, los
estudios transversales realizados en nifios y adolescentes han mostrado en su mayoria que solo

la actividad fisica practicada de forma vigorosa se asocia con una menor cantidad de grasa

|21—24 |21, 25-29

corporal, tanto cuando se evallGa la grasa tota como abdomina . Los resultados
obtenidos por nuestro grupo, tanto en aquellos nifios que participaron en el European Youth
Heart Study (EYHS) como los adolescentes implicados en el estudio HELENA (Healthy

Lifestyle in Europe by Nutrition in Adolescence, www.helenastudy.com), también muestran una

asociacion negativa entre actividad fisica vigorosa y grasa corporal. Por ejemplo, en el estudio
llevado a cabo en una sub-muestra de 223 adolescentes Espafioles de 12,5 a 17,5 afios que
participaron en el estudio HELENA?, se observo la relacion entre actividad fisica y la grasa
corporal total medida con métodos de referencia (DXA y BodPod) y antropométricos (masa
grasa abdominal y perimetro de cintura). Los resultados mostraron que la actividad fisica
vigorosa parece tener un mayor efecto sobre la grasa total y central que la actividad fisica de
menor intensidad. Ademas, de este estudio se desprende que, aunque existen diversos y
sofisticados métodos para la evaluacion de la grasa abdominal, el perimetro de cintura es un
indice preciso y fiable para evaluar la grasa abdominal. M&s recientemente, hemos observado
que en aquellos nifios y adolescentes con una baja forma fisica, el tiempo empleado en actividad
fisica vigorosa parece ser el componente clave para reducir la adiposidad abdominal®®. Ademas,
cumplir con las actuales recomendaciones para la practica de actividad fisica (al menos 60
min/dia de actividad fisica de moderada a vigorosa de intensad) es suficiente para tener un

porcentaje de grasa corporal mas saludable®.
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Se puede concluir que existe suficiente evidencia cientifica como para afirmar una
relacion inversa entre nivel de actividad fisica y grasa corporal y que esta relacion es méas
consistente cuando se trata de actividad fisica de vigorosa intensidad comparada con la
actividad fisica de menor intensidad. Sin embargo, en cualquier caso, cabe destacar el efecto
positivo de la practica regular de actividad fisica con el fin de regular el equilibrio energético
entre la ingesta y el gasto energético, asi como contrabalancear el efecto negativo de un alto
nivel de actividades sedentarias que, en ocasiones de forma inexorable hay que realizar. En este
sentido cabe sefialar la existencia de una asociacion positiva entre el tiempo empleado en
actividades sedentarias y la cantidad de grasa total y grasa abdominal, y ello
independientemente de la actividad realizada®. Se puede afirmar, por tanto, que aunque la
actividad fisica vigorosa ejerce una fuerte y favorable influencia sobre la cantidad de grasa

corporal, disminuir el tiempo dedicado a actividades sedentarias también es importante.

Actividad fisica y resistencia a la insulina

La resistencia a la insulina es la falta de respuesta del tejido adiposo, muscular e incluso
hepatico a la accién de la insulina. Esto se acompafia de hipersinsulinemia (en un intento por
vencer esa falta de respuesta) e incluso de hiperglucemia. La resistencia a la insulina se asocia a
una mayor incidencia de diabetes asi como al desarrollo de enfermedad cardiovascular y sus
factores de riesgo asociados. La resistencia a la insulina puede resultar de una combinacién de
factores genéticos y estilo de vida, entre ellos, falta de actividad fisica, estrés y una inadecuada

alimentacion, en particular si todo ello se acompafia de sobrepeso u obesidad.

Numerosos estudios epidemioldgicos han mostrado una relacion inversa entre actividad
fisica y resistencia a la insulina. Asi, los nifios mas activos tienen menores niveles de insulino-
resistencia ***°. Rizzo y colaboradores*examinaron la relacion entre la actividad fisica de baja,
moderada y vigorosa intensidad con dicha resistencia en adolescentes que participaban en el
estudio EYHS. Los autores concluyeron que la actividad fisica de moderada y/o vigorosa
intensidad reduce los valores de resistencia a la insulina en adolescentes. Ademas, como dato a
diferenciar con el resto de los estudios examinados, mostraron que la relacion inversa entre la
actividad fisica y la resistencia a la insulina era més acentuada en aquellos adolescentes con
sobrepeso u obesidad. Estos hallazgos sugieren que la actividad fisica puede resultar
especialmente beneficiosa en aquellos adolescentes que tienen mayor riesgo a presentar

resistencia a la insulina, es decir aquellos con obesidad.

El tiempo empleado en actividades sedentarias ha sido directamente relacionado con la
resistencia a la insulina en adultos de media edad, independientemente de la actividad fisica

practicada de moderada y/o vigorosa intensidad®’. Estos resultados también fueron encontrados
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en un estudio de nifios Portugueses de entre 9 y 10 afios, es decir, los nifios mas sedentarios

presentaban mayores niveles de resistencia a la insulina®,

Un estudio longitudinal, realizado a lo largo de 6 afios, evalud el cambio en el volumen
de actividad fisica que practicaban adolescentes de 15 afios y observé un descenso del volumen
de actividad fisica que realizaban. Este descenso se asociaba a mayores niveles de insulina, o
sea, mas resistencia *. Este hallazgo pone de manifiesto la importancia de promover un estilo de
vida activo especialmente en la adolescencia, ya que se ha demostrado que, en esta etapa, se
produce un descenso considerable del tiempo empleado en la practica de actividad fisica.

Tompkins y colaboradores® realizaron una extensa revision con el propdsito
de identificar los estudios que especificamente examinaban el efecto de la actividad fisica (sin la
intervencién de la dieta) sobre los marcadores de resistencia a la insulina en los jovenes con
sobrepeso y obesidad. En este estudio se concluye que las mejorasen los marcadores
de resistencia a la insulina en los jévenes con sobrepeso y obesidad fueron inducidas por la

actividad fisica, teniendo la dieta un papel mas secundario.

Podemos concluir, por tanto, que la actividad fisica es importante en la prevencion de la
resistencia a la insulina ya que, debido al aumento de la tasa metabdlica, quemamos mas
calorias con la consecuente disminucion del peso corporal. Ademas, cuanto mayor es la
intensidad a la que se practica la actividad fisica (e.j. moderada y/o vigorosa) menores son los
niveles de resistencia a la insulina y por tanto mayor es el beneficio para la salud. Siendo estos

resultados observados tanto en jévenes con peso normal como con sobrepeso.

Actividad fisica y perfil lipidico

El perfil lipidico de riesgo aterogénico se caracteriza por: presentar altos niveles de triglicéridos
y colesterol, con aumento de LDL-colesterol (LDLc, el mas nocivo) y descenso de HDL-
colesterol (HDLc, beneficioso). La practica regular de actividad fisica a intensidad moderada
gjerce un claro efecto positivo sobre el perfil lipidico. De manera inmediata se produce un
aumento de los niveles de HDLc en un 10-20% y disminuyen los niveles de triglicéridos. El
colesterol total y la LDLc, no se ven alterados de forma inmediata después de la practica de
actividad fisica, pero si en la acumulacién semanal de actividad fisica (1200 a 2200
kilocalorias/semana). Ademas, cuanto mayor es la duracion del ejercicio, y por tanto mayor el

gasto caldrico, mayor es el efecto *° anteriormente explicado.

La relacion entre actividad fisica y el perfil lipidico en nifios y adolescentes no es tan
evidente como en adultos, disponiéndose también de menos estudios. Hurtig-Wennlof y
colaboradores*" estudiaron a 590 nifios de 9-10 afios y 535 adolescentes de 15-16 afios que

participaron en el estudio EYHS y observaron la asociacion negativa entre la actividad fisica y
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los niveles de colesterol total en ambos grupos de edad y para ambos sexos*.. Un segundo
estudio en una sub-muestra de 273 nifios de 9 afios y 256 adolescentes de 15 afios concluyd que
la actividad fisica total se relaciona de forma negativa con un indice de factores de riesgo
metabdlico, calculado en base a los niveles de insulina basal, glucosa, triglicéridos totales,
HDLc, presion arterial y grasa corporal. Ademas, en este estudio se demuestra que el nivel la
capacidad aerdbica que posee la persona es el principal determinante de indice de riesgo
metab6lico mas saludable®. Luepker y colaboradores® observaron mayores niveles de HDLc y
menores niveles de triglicéridos en nifios americanos de 7-8 afios. Sin embargo, otros estudios

en nifios no observaron asociacion entre actividad fisica y perfil lipidico®.

Podemos concluir que la practica de actividad fisica de forma adecuada y regular podria
mejorar la capacidad aerdbica en nifios y adolescentes y, en consecuencia, ambas ayudar a
mantener los niveles de lipidos y lipoproteinas dentro de los rangos considerados como

saludables.

Actividad fisica y tension arterial

La hipertension arterial es una enfermedad asintomatica y relativamente facil de detectar, sin
embargo, cursa con complicaciones graves y letales si no se trata a tiempo. La hipertension es
uno de los mas importantes factores de riesgo de enfermedad cardiovascular. Esta puede
aparecer en la infancia y mantenerse durante la edad adulta. Se considera hipertensién cuando la

tension arterial sistolica y/o diastdlica supera el percentil 95 para edad, sexo y altura.

Datos del estudio britanico Avon Longitudinal Study of Parents and Children realizado
en una poblacién de mas de 5.000 nifios de entre 11 y 12 afios™ mostraron una asociacion
inversa entre la actividad fisica y la tension arterial sistélica, esto es, los nifios mas activos
presentan niveles de tension arterial sistdlica mas bajos comparados con sus compafieros menos
activos. lgualmente, otro estudio realizado en adolescentes norteamericanos mostré una
asociacion inversa entre la actividad fisica y la tension arterial sistdlica, ademas puntualiz6 que
este efecto era mayor en aquellos que tenian la tensién arterial alterada®. Ademas, estudios de
intervencion realizados tanto en adultos*’ como en jévenes* hipertensos igualmente sugieren un

efecto beneficioso de la actividad fisica sobre la tensién arterial.

El tiempo empleado en actividades sedentarias, como ver la television mas de 2 horas al
dia, ha sido directamente relacionado con un incremento de la tension arterial en nifios obesos
de 12 afios. Ademas, la fuerza de la relacion aumentd en aquellos nifios que dedicaban més de 4
hora al dia a ver la television, aunque este estudio no controlé la participacion en actividades

fisicas™.
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Se puede concluir, pues, que tanto el descenso de la actividad sedentaria como el
aumento de la préactica de actividad fisica ayuda a mantener los niveles de tension arterial dentro
de los rangos de normalidad en nifios y adolescentes, ademas esto puede ocurrir tanto en

jovenes sanos como hipertensos.

Actividad fisica y sindrome metabdlico

El sindrome metabolico se define como la coexistencia de mdaltiples factores de riesgo
cardiovascular y diabetes, la prevalencia de los cuales se ha incrementado draméaticamente en la
poblacion adultaen las ultimas décadas. El mismo grupo de factores de riesgo
metabolicos también ha sido reconocido en nifios y adolescentes. Los componentes a incluir
dentro de la clasificaciéon de esta patologia en edades tempranas no estdn claramente
establecidos aunque la mayoria de estos estudios han usado un indice estandarizado incluyendo
las variables que han sido relacionadas con el sindrome metabdlico (por ejemplo: triglicéridos,

HDLc, grasa total, perimetro de cintura, tension arterial, insulina, glucosa, HOMA, etc.).

Existen evidencias del positivo impacto de la actividad fisica (total, ligera, moderada y
vigorosa) sobre el sindrome metabdlico en nifios y adolescentes, independientemente del nivel
de condicidn fisica, y ello a través de diferentes vias causales siendo la obesidad un factor
importante®. Esto quiere decir que aquellos jovenes mas activos presentan menos factores de
riesgo para el sindrome metabdlico, independientemente de otros factores. De los estudios
analizados se desprende que desde una perspectiva de salud publica y ante la evidente
asociacion entre el aumento de los niveles de actividad fisica y la reduccion de factores de
riesgo del sindrome metabdlico, fomentar la préactica de la actividad fisica puede ser factible

para combatir los multiples factores relacionados con el sindrome metabdlico.

Actividad fisica y capacidad aero6bica

La capacidad aer6bica es una de las cualidades mas importantes de la condicion fisica
relacionada con la salud. La capacidad aer6bica es un marcador directo del estado fisiologico de
la persona y refleja la capacidad general de los sistemas cardiovascular y respiratorio para
proveer oxigeno durante una actividad sostenida en el tiempo. También hace referencia a la

capacidad para realizar un ejercicio fisico prolongado y hasta la extenuacion®'.

La capacidad aerdbica se ha asociado inversamente con distintos parametros de salud en
jovenes, tales como el perfil lipidico, la resistencia a la insulina, la masa grasa, pardmetros
relacionados con el sindrome metabélico y la tension arterial'. Recientes investigaciones han

puesto de manifiesto que tener un nivel medio-alto de capacidad aerdbica durante la infancia y
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adolescencia se asocia a un mejor perfil cardiovascular en la edad adulta™. Estos hallazgos son
de gran importancia, ya que también se ha demostrado que adultos con un elevado nivel de
capacidad aerébica disminuyen el riesgo de desarrollar enfermedad cardiovascular y aumentan
la esperanza de vida®. La relacion entre el nivel de actividad fisica y la capacidad aerébica no
siempre es evidente en personas jovenes, sin embargo, recientes estudios epidemioldgicos

muestran que la actividad fisica de alta intensidad se asocia con una alta capacidad aerdbica.

Nuestro grupo evalu6 el nivel de actividad fisica en 780 nifios de 9-10 afios de Estonia y
Suecia que participaban en el EYHS, y observamos que la actividad fisica se asociaba
positivamente con los niveles de condicién fisica. Esta asociacion era mas fuerte cuanto mas
intensa era la actividad fisica practicada®. En otro estudio realizado por nuestro grupo®
observamos que las nifias que cumplen las recomendaciones actuales de actividad fisica (al
menos 60 min/dia de moderada a vigorosa intensidad) presentaban 3 veces mas probabilidad de
tener un nivel de capacidad aerébica alto que aquellas que no cumplian tales recomendaciones.
En el caso de los nifios, aquellos que cumplian las recomendaciones de actividad fisica
presentaban 8 veces mas probabilidad de tener un nivel de capacidad aerdbica alto que los que
no las satisfacian. La figura 4 muestra de forma gréafica la relacion entre actividad fisica y
capacidad aerdébica. Podemos observar el porcentaje de adolescentes con baja capacidad
aerodbica segln el nivel de actividad fisica. Estos resultados coinciden con los encontrados en

otros estudios® 2"

, por lo que podemos concluir que la actividad fisica de intensidad vigorosa
se asociaba de una forma mas evidente con la capacidad aerébica que las actividades de menos

intensidad de los nifios y adolescentes.

B Niiios Nifiag

Altonivel de AF - 3.2

Altonivel de AF 125

Bajounivel de AF 274

T T T T 1

0 5 10 18 20 25 30

Sujetos con baja capacidadaerdbica (24)

Figura 4. Porcentaje de adolescentes con baja capacidad aerébica segun el nivel de actividad fisica (AF)

en nifios y nifias. Traducido de Ortega y colaboradores .
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Actividad fisica y fuerza muscular

Otro indice definitorio de la condicion fisica relacionada con la salud es la fuerza muscular. En
adultos, mantener una buena forma fisica en lo que a fuerza muscular se refiere se ha
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demostrado que es un potente predictor de calidad de vida®™™” y se ha asociado con el riesgo de

muerte por cualquier causa® .

Son todavia insuficientes los estudios transversales que han observado la relacion
existente entre la fuerza muscular y diferentes marcadores de salud, sobre todo si comparamos
su numero con aquellos que han estudiado los beneficios de una mayor capacidad aerdbica. No
obstante, recientes estudios epidemiol6gicos muestran una clara asociacion entre una mayor
condicion fisica, en lo que a fuerza muscular se refiere, y el riesgo metabdlico. Ademas, esta
relacién es evidente tanto en adultos como en jévenes. En este sentido, nuestro grupo * evalué
la asociacion entre la fuerza musculary el riesgo metaboélico en 709 adolescentes europeos
participantes en el estudio HELENA. De los resultados se desprende que la fuerza muscular
(fuerza de prension manual medida mediante dinamometria y fuerza explosiva de piernas
evaluada por el salto horizontal a pies juntos) se asocié con un menor riesgo metabélico,
independientemente del nivel de capacidad aerdbica. Steene-Johannessen y colaboradores ®,
estudiaron a 2.818 nifios de 9-15 afios de Noruega, y determinaron que la fuerza muscular (en
sus diferentes representaciones: explosiva, isométrica y fuerza-resistencia) también se asocid
con un menor riesgo metabolico. Estos hallazgos coinciden con los encontrados en otros

estudios en adultos®®®,

La relacion entre el nivel de actividad fisica y la fuerza muscular ha sido recientemente
demostrada, sin embargo, son escasos los estudios cientificos que abordan esta hipdtesis y
serian necesarios nuevos hallazgos que nos permitieran contrastar los existentes, siempre desde
una medida objetiva de la actividad fisica. Martinez-Gémez y colaboradores ® estudiaron la
asociacion entre la actividad fisica y la aptitud muscular en 211 adolescentes espafioles. Los
resultados confirman que la actividad fisica vigorosa esta asociada positivamente con el nivel
de fuerza muscular, independientemente del estado madurativo, el indice de masa corporal y la
capacidad aerébica. En la misma linea, nuestro grupo® estudié la asociacion de la actividad
fisica con la fuerza musculary la masa libre de grasa en 363 adolescentes espafioles v,
observamos que solo la actividad fisica vigorosa se asocia positivamente con la fuerza muscular,

especialmente del tren inferior, en los chicos.

Resumiendo, mayores niveles de fuerza muscular se han relacionado con un menor
riesgo metabolico en jovenes tanto durante la propia juventud como durante la edad adulta. Una
mayor practica de actividad fisica vigorosa parece estar asociada con mayores niveles de fuerza

muscular. La fuerza muscular unida a la capacidad aerobia parece disminuir el riesgo cardio-
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metab6lico, tal y como se muestra en la figura 5°%. En base a ello, apoyamos las
recomendaciones actuales de actividad fisica para los jovenes, pero resaltamos no olvidar incluir

actividades de fortalecimiento muscular, ademas de ejercicio aerobico.
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Figura 5: Efecto combinado de capacidad aerdbica y fuerza muscular sobre el perfil lipidico-metabdlico

en adolescentes. Traducido de Artero y colaboradores ®.

Recomendaciones de actividad fisica en nifios y adolescentes

La cantidad minima de actividad fisica necesaria para garantizar una buena salud cardiovascular
en nifios y adolescentes es de al menos 60 min/dia de actividad fisica de moderada a vigorosa
intensidad, segin recomendaciones del Departamento de Salud y de Estados Unidos junto con
otras  Instituciones  Mundiales  relevantes en  materia de salud  puablica

(http://www.health.gov/paguidelines/). Ademas, indican que tanto reducir el tiempo empleado

en actividades sedentarias como aumentar la cantidad de actividad fisica total y el tiempo
empleado en actividades fisicas moderadas y vigorosas pueden tener efectos beneficiosos sobre
el perfil cardiovascular y metabdlico en nifios y adolescentes. Las recomendaciones generales

insisten en la combinacidn de actividades de ejercicio aerébico y fortalecimiento muscular.

Conclusiones

A lo largo de este capitulo hemos constatado como la actividad fisica puede influir en la
salud durante la infancia y la adolescencia. Por lo que podemos concluir que: (1) La actividad
fisica contribuye al aumento del gasto energético, mejora el control del peso y la prevencion de
la obesidad. (2) Niveles elevados de actividad fisica en la infancia o la adolescencia,
especialmente de actividad fisica de alta intensidad, se asocian con un perfil metabolico y

cardiovascular méas saludable, lo cual ocurre tanto en ese momento como en el futuro. (3) La

57


http://www.health.gov/paguidelines/

capacidad aerobica, fuerza muscular y composicion corporal, son los componentes mas
importantes de la condicion fisica relacionada con la salud y, todos ellos han demostrado estar
positivamente relacionados con la actividad fisica. (4) La condicion fisica relacionada con la
salud puede ser evaluada de forma sencilla y fiable mediante la bateria de test ALPHA-Fitness,
ademas, esta evaluaciones pueden ser efectuadas por el docente de educacién fisica en los
centros escolares. Un control periddico puede ayudar a detectar a aquellos jévenes con un bajo
nivel de condicién fisica y/o problemas de sobrepeso. (5) Informacién sobre el nivel de
condicion fisica relacionado con la salud y otros habitos de un estilo de vida saludable puede ser

incorporada al informe de salud escolar.

La probabilidad de que los factores de riesgo que estan alterados en edades tempranas
persistan alterados en edades mas tardias es muy alta. Por otro lado, un estilo de vida saludable
en la infancia y en la adolescencia también puede persistir a lo largo de la vida. Con todo ello se
alerta sobre la necesidad de establecer campafias de prevencién y educacion orientadas a
promover un estilo de vida mas activo en los mas jovenes, desde las edades mas tempranas, para
garantizar su salud cardiovascular presente y futura. Pero el objetivo no debe ser sélo luchar
contra los bajos niveles de actividad fisica sino “insistir” en que dicha actividad fisica sea de
intensidad suficiente como para conseguir mejorar el estado de forma fisica, esto es: obtener un
peso corporal, capacidad aerdbica y fuerza muscular suficiente para alcanzar y/o mantener un

estado de salud éptimo.
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OBJETIVOS

General:

El objetivo general de la presente memoria de Tesis Doctoral ha sido analizar la relacion entre

factores relacionados con el estilo de vida (dieta y actividad fisica) y marcadores de salud

(composiciodn corporal, condicién fisica y factores de riesgo cardiovascular) en adolescentes.

Especificos:

VI.

VIL.

VIIIL.

Analizar el efecto combinado de una dieta saludable y un estilo de vida fisicamente
activo sobre factores de riesgo cardiovascular en adolescentes.

Identificar la agrupacion de multiples factores que originan diferentes estilos de vida o
patrones de comportamiento entre adolescentes y observar si dichos patrones difieren
segun género y edad, y se relacionan con la composicién corporal y la condicion fisica.
Estudiar la asociacion entre la ingesta energética, la actividad fisica y la composicién
corporal en adolescentes.

Analizar la relacién entre la ingesta dietética y la capacidad aerdbica en adolescentes.
Examinar la asociacion del hecho de tomar el desayuno con la actividad fisica, el
sedentarismo y la condicion fisica, medidos de forma objetiva y subjetiva, en
adolescentes.

Analizar si un mayor consumo de chocolate se asocia con un menor indice de masa
corporal, asi como otros indicadores de grasa corporal total y central en adolescentes.
Estudiar la asociacion entre el consumo de huevo y factores de riesgo cardiovascular en
adolescentes y si dicha relacion esta influenciada por la actividad fisica.

Investigar la asociacion entre la actividad fisica, la condicion fisica y el control
glucémico (HbALc) en nifios y adolescentes con diabetes tipo 1.

Evaluar los hébitos nutricionales, la composicion corporal y la condicion fisica en el

ambito escolar, y disefiar y proponer un addendum al Informe de Salud Escolar.
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AIMS

Overall:

The overall objective of this Doctoral Thesis was to analyze the relationship between factors
related to lifestyle (diet and physical activity) and markers of health (body composition, fitness
and cardiovascular risk factors) in adolescents.

Specific:

I.  To investigate the combined influence of diet quality and physical activity on
cardiovascular disease risk factors in adolescents.

Il.  To explore the clustering of different lifestyle behaviours and whether this clustering
differs by gender and age, and are related or not to body composition and physical
fitness.

1. To study the association of energy intake with both physical activity and adiposity in
adolescents.

IV.  To investigate the association between dietary intake and cardiorespiratory fitness in
adolescents.

V.  To examine the association of breakfast consumption with objectively measured and
self-reported physical activity, sedentary time and physical fitness in adolescents.

VI.  To test whether higher chocolate consumption is associated with lower body mass
index, as well as other markers of total and central body fat in adolescents.
VII.  To examine the association between eggs intake and cardiovascular disease risk factors
in adolescents and whether this relationship is influenced by physical activity.
VIIl.  To investigate the association between physical activity, physical fitness and glycaemic
control (HbALc) in young people with Type 1 diabetes.
IX.  To assess eating habits, body composition and physical fitness in the school setting and

to design and propose an addendum to the Report of School Health.
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MATERIAL AND METHODS [MATERIAL Y METODOS]

The current Doctoral Thesis is based mainly on data from the HELENA study but data from
the EYHS, a study in British young people with Type 1 diabetes and the ALPHA study have
also been used. The abstracts or extracts of different sections of the methodological papers are
provided. In addition, the most relevant methodological information for papers | to IX has

been summarized in Table 1.

NUTRITIONAL STATUS AND LIFESTYLES OF ADOLESCENTS FROM A PUBLIC
HEALTH PERSPECTIVE. THE HELENA PROJECT-HEALTHY LIFESTYLE IN
EUROPE BY NUTRITION IN ADOLESCENCE

S. De Henauw, F. Gottrand, I. De Bourdeaudhuij, M. Gonzalez-Gross, C. Leclercq, A. Kafatos,
D. Molnar, A. Marcos, M. Castillo, J. Dallongeville, C. C. Gilbert, P. Bergman, K. Widhalm, Y.
Manios, C. Breidenassel, M. Kersting, L. A. Moreno & on behalf of the HELENA Study Group.
J Public Health (2007) 15:187-197

Abstract

The HELENA Project—Healthy Lifestyle in Europe by Nutrition in Adolescence—is a
European, collaborative research project financed by the EU Sixth Framework Programme in
the area of nutrition-related adolescent health. The basic objective of the HELENA project is to
obtain reliable and comparable data from a random sample of European adolescents (boys and
girls aged 13-16 years) on a broad battery of relevant nutrition and health-related parameters:
dietary intake, food choices and preferences, anthropometry, serum indicators of lipid
metabolism and glucose metabolism, vitamin and mineral status, immunological markers,
physical activity, fitness and genetic markers. The HELENA project is conceived as a scientific
construction with four complementary sub-studies that are elaborated through 14 well-defined
work packages. Sub-studies are focused, respectively, on “a cross-sectional description of
lifestyles and indicators of nutritional status (HELENA-CSS)”, “a lifestyle education
intervention programme (HELENA-LSEI), “a metabolic study with cross-over design
(HELENA-COMS)” and a “study on behaviour, food preferences and food development”
(HELENA-BEFO). The project unites 20 research centres from 10 European countries. In
addition, the consortium comprises five SMEs (small and medium-sized enterprises) that are
actively involved in the research activities. The core of the HELENA project study material is
an overall European cohort of 3,000 adolescents, equally recruited in ten cities from nine
countries. Standardization of methods among partners is a key issue in the project and is
obtained through the development of standard protocols, training sessions, validation sub-
studies and pilot projects. Health-related problems have a tendency to evolve in cycles, with
ever new problems emerging in ever new contexts that call for appropriate and tailored actions.
The HELENA project is expected to offer essential elements for use in the overall machinery of
required public health nutrition cycles. It is of the greatest importance for its results to prove
useful that it can communicate with other initiatives on the level of science and society.
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FIELD-BASED FITNESS ASSESSMENT IN YOUNG PEOPLE: THE ALPHA
HEALTH-RELATED FITNESS TEST BATTERY FOR CHILDREN AND
ADOLESCENTS.

Ruiz JR, Castro-Pifiero J, Espafia-Romero V, Artero EG, Ortega FB, Cuenca-Garcia M,
Jiménez-Pavon D, Chillén P, Girela-Rejon MJ, Mora J, Gutiérrez A, Suni J, Sjostrom M,
Castillo MJ. Br J Sports Med. 2010 Oct 109.

Extract from the Introduction Section

The ALPHA (Assessing Levels of Physical Activity) study was initiated with the aim of
providing a set of instruments for ALPHA and its underlying factors (eg, built environment,
transport and worksites) as well as health-related physical fitness in a comparable way within
the European Union. The aim of the Work Package 6 (Assessing Health-Related Physical
Fitness) was to provide a set of valid, reliable, feasible a safe field-based fitness tests for the
assessment of health-related physical fitness in children and adolescents to be used in public
health monitoring in a comparable way within the European Union.

Abstract

The present study summarises the work developed by the ALPHA study and describes the
procedures followed to select the tests included in the ALPHA health-related fitness test battery
for children and adolescents. The authors reviewed physical fitness and health in youth findings
from cross-sectional studies. The authors also performed three systematic reviews dealing with
(1) the predictive validity of health-related fitness, (2) the criterion validity of field-based fitness
tests and (3) the reliability of field-based fitness tests in youth. The authors also carried out 11-
methodological studies to determine the criterion validity and the reliability of several field-
based fitness tests for youth. Finally, the authors performed a study in the school setting to
examine the reliability, feasibility and safety of the selected tests. The selected fitness tests were
(1) the 20 m shuttle run test to assess cardiorespiratory fitness; (2) the handgrip strength and (3)
standing broad jump to assess musculoskeletal fitness, and (4) body mass index, (5) skinfold
thickness and (5) waist circumference to assess body composition. When there are time limits,
the authors propose the high-priority ALPHA health-related fitness test battery, which
comprises all the evidence-based fitness tests except the measurement of the skinfold thickness.
The time required to administer this battery to a group of 20 youth by one physical education
teacher is less than 2 h. In conclusion, the ALPHA fitness tests battery is valid, reliable, feasible
and safe for the assessment of health-related physical fitness in children and adolescents to be
used for health monitoring purposes at population level.
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SAMPLING PROCEDURE, PARTICIPATION RATES AND REPRESENTATIVENESS
IN THE SWEDISH PART OF THE EUROPEAN YOUTH HEART STUDY (EYHS).

Wennlof AH, Yngve A, Sjostrom M. Public Health Nutr. 2003 May;6(3):291-9.

Abstract

Objective: The European Youth Heart Study (EYHS) is a cross-sectional, school-based
population study on risk factors for future cardiovascular disease in children, with an overall
participation rate in Sweden of about 50%. To study the representativeness of the participants in
the Swedish part of EYHS, a comprehensive non-participant follow-up study was carried out.
Design: A structured multilevel analysis model was developed, addressing each level in the
sampling procedure. The income, educational and occupational categories of the geographical
regions of the study (level 1), school catchment areas (level Il) and parents (level 1I1) were
compared with official data. Participating and non-participating pupils (level V) were
compared through a questionnaire. Setting: Thirty-seven state schools in two regions of Central
Sweden (Orebro and southern Stockholm) were visited during the school year 1998/1999.
Subjects: Boys and girls aged 9 and 15 years were randomly sampled through a multiphase
sampling procedure. Results: Data for socio-economic status for levels | and Il corresponded
well to national and regional official data. At level Ill, non-manually working parents were
slightly over-represented among parents of participating children. At level 1V, non-participating
subjects corresponded in most respects to participants with a few exceptions-mainly more
interest in physical exercise among participants. Conclusions: Based on the knowledge from the
non-participant study, we do not foresee problems regarding interpretation of the outcomes in
the EYHS, despite the low participation rate.
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HOW DOES PHYSICAL ACTIVITY AND FITNESS INFLUENCE GLYCAEMIC
CONTROL IN YOUNG PEOPLE WITH TYPE 1 DIABETES?

Cuenca-Garcia M, Jago R, Shield JP, Burren CP. Diabet Med. 2012 Oct; 29(10):€369-76.

Extract from the Material and Methods Section

This is a case—control cross-sectional study. Participants with Type 1 diabetes were recruited
from the three clinics in the Bristol and Weston Paediatric Diabetes Service at Bristol Royal
Hospital for Children, Southmead Hospital, and Weston General Hospital. Patients and families
were approached if the index child was aged 8-16 years and did not manifest any of the
exclusion criteria such as current hypoglycaemia unawareness, co-morbidities such a severe
asthma or physical disability. Control group participants were siblings of the participants with
diabetes, who were aged 8-16 years without diabetes. Of a total of 422 patients in the diabetes
service, 240 patients were aged 8-16 years with Type 1 diabetes, 25 of whom had one or more
exclusion criteria, leaving 215 eligible patients [mean HbAlc of eligible group 65 mmol / mol
(8.1%)]. The 60 patients who were then recruited (i.e. 28% of 215) were in the numbers who
then agreed to participate. Recruited patients with Type 1 diabetes were asked if they had a
sibling, aged 8-16 years without diabetes, who could be invited to participate in the study. In
total, 97 participants were recruited, of which 60 participants (40 male, 20 female) had Type 1
diabetes and 37 participants (20 male, 17 female) were siblings without diabetes (control
subjects). The following magnitudes were studied: physical examination and anthropometry,
diabetic assessments (age at diagnosis and duration of diabetes, insulin dose requirements and
insulin regimen -type and number of injections), blood glucose level and objectively measured
physical activity and fitness. The study was approved by Southmead Ethics Committee (REC
ref. 07 /H0102 /73) and informed parental consent was obtained for all participants (those with
diabetes and control subjects).
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Table 1. Summary table of the methodology used in the current Doctoral Thesis

Project Paper Study design Participants Main variables studied Methods
HELENA I. Combined influence of Cross-sectional ~ N:1513 adolescents Dietary intake, physical 24h dietary recall,
healthy diet and active Age: 12.5-175y activity, cardiorespiratory accelerometry, VOomax
lifestyle on cardiovascular fitness, adiposity markers, by the Léger’s equation,
disease risk factors in blood lipid profile, blood anthropometry, blood sampling,
adolescents pressure and insulin and oscillometry
resistance
HELENA I1. Clustering of multiple Cross-sectional ~ N:2084 adolescents Diet quality index, physical 24h dietary recall, IPAQ-A and
lifestyle behaviours and Age: 12.5-17.5y activity, sedentary time, HELENA sedentary behaviour
health-related fitness in cardiorespiratory fitness, guestionnaires, 20m SRT,
European adolescents muscular fitness, motor handgrip strength, standing
fitness and body broad jump, 4x10m SRT and
composition anthropometry
HELENA, 11l. More physically active Cross-sectional ~ N:1450 adolescents Physical activity, fatness 24h dietary recall,
EYHS and leaner adolescents have Age: 12.5-175y and energy intake accelerometry, anthropometry,

higher energy intake:
consistent results using
different methods and
different studies (HELENA
and EYHS)

from HELENA

N:321 adolescents
Age: 14.5-16.5y
from EYHS

BIA, DXA and BodPod




Table 1 (cont). Summary table of the methodology used in the current Doctoral Thesis.

Project Paper Study design Participants Main variables studied Methods
HELENA V. Cardiorespiratory fitness Cross-sectional ~ N: 1492 adolescents  Dietary intake (energy, 24h dietary recall and VOyax
and dietary intake in European Age: 12.5-175y nutrients and food groups) by the Léger’s equation
adolescents: The HELENA and cardiorespiratory fitness
study
HELENA V. Association of breakfast Cross-sectional ~ N: 2148 adolescents ~ Breakfast consumption and Self-reported: 24h dietary
consumption with objectively Age: 12.5-175y self-reported and objectively  recalls and ‘Food Choice and
measured and self-reported measured: physical activity,  Preferences’ questionnaire,
physical activity, sedentary sedentary time. IPAQ, ‘HELENA sedentary
time and physical fitness in Cardiorespiratory fitness, behaviours’ questionnaire and
European adolescents: The muscular fitness and IFIS
HELENA study motor fitness Objectively measured:
accelerometry, 20m SRT,
handgrip strength, standing
broad jump and 4x10m SRT
HELENA V1. Association between Cross-sectional ~ N: 1458 adolescents  Chocolate intake and 24h dietary recall,

chocolate consumption and
fatness in European
adolescents

Age: 12.5-185y

adiposity markers (weight
status, fat mass and waist
circumference)

anthropometry and BIA




Table 1 (cont). Summary table of the methodology used in the current Doctoral Thesis.

Project Paper Study design Participants Main variables studied Methods

HELENA  VII. Egg intake and Cross-sectional  N: 380 adolescents  Dietary intake, physical 24h dietary recall,
cardiovascular risk factors in Age: 12.5-17.5y activity, cardiorespiratory accelerometry, VO 5.4 by the
adolescents; role of physical fitness, adiposity markers, Léger’s equation,
activity. The HELENA study blood lipid profile, blood anthropometry, blood

pressure and insulin resistance  sampling and oscillometry

BRITISH VI11. How does physical Cross-sectional ~ N: 60 children and Body composition (BMI and Anthropometry,

STUDY activity and fitness influence adolescents fat mass) physical activity, accelerometry and sub-
glycaemic control in young Age: 8-16y physical fitness (PWCi70) maximal bicycle ergometer
people with Type 1 diabetes? and glycaemic control test. HbAlc by venipuncture

ALPHA IX. Health-related fitnessand ~ Cross-sectional ~ N: 138 childrenand  Food habits, cardiorespiratory  Food Frequency

eating habits in children and
adolescents: proposal for an
addendum to the Report of
School Health

adolescents
Age: 6-18y

fitness, muscular fitness and
body composition (BMI, waist
circumference and fat mass)

Questionnaire, 20m SRT,
handgrip strength, standing
broad jump and
anthropometry

ALPHA: Assessing Levels of Physical Activity and Fitness; BIA: Bioelectrical impedance analysis; BMI: Body mass index; BodPod: Air-displacement
plethysmography; DXA: Dual-energy x-ray Absorptiometry; HbAl: Haemoglobin Alc; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescence;
IFIS: International Fitness Scale; IPAQ-A: International Physical Activity Questionnaire from Adolescents; SRT: Shuttle run test; PWCy7: Physical work

capacity at a heart rate of 170 beat/min; VO,nmax: maximal oxygen uptake; y: years.
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RESULTS AND DISCUSSION [RESULTADOS Y DISCUSION]

The results and discussion of the present Doctoral Thesis are shown as a compilation of
scientific papers. They are enclosed in the form they have been published or submitted. In
addition, the most relevant findings for papers 1 to 1X has been summarized in Spanish below.

Los resultados obtenidos en la presente Tesis Doctoral se presentan a continuacion en la
forma en que han sido publicados o se encuentran pendientes de publicacion en formato de
articulos cientificos. Estos articulos se presentan a continuacién. Como es de rigor, cada articulo
cuenta con su introduccion correspondiente, descripcion de la metodologia utilizada, exposicion
de los resultados, discusion de los mismos y bibliografia. A continuaciéon se presenta, en

espafol, un extracto de dichos resultados.

En el articulo I, publicado electrénicamente en Scandinavian Journal of Medicine
& Science in Sports en diciembre de 2012, se examind el efecto combinado de una dieta
saludable y un estilo de vida fisicamente activo sobre factores de riesgo cardiovascular en los
adolescentes que participaron en el estudio HELENA. Para este propdsito se crearon 4 grupos
de estudio atendiendo a diferentes combinaciones: (1) dieta saludable y ser fisicamente activo,
(2) dieta saludable y ser fisicamente inactivo, (3) dieta poco saludable y ser fisicamente activo y
(4) dieta poco saludable y ser fisicamente inactivo. Los resultados publicados en este articulo
muestran que aquellos adolescentes que siguieron una dieta saludable y un estilo de vida
fisicamente activo presentaron un perfil de riesgo cardiovascular mas favorable particularmente
en su capacidad aerobica, indice de masa grasa, concentracion sanguinea de triglicéridos y
HDL-colesterol y ratio colesterol total/HDL-colesterol. Ademas, se observd que los
adolescentes fisicamente activos mostraron mayor capacidad aerdbica, menor adiposidad total y
central, perfil lipidico y tension arterial mas favorables, y menor resistencia a la insulina que sus
compafieros fisicamente inactivos, independientemente de la calidad de su dieta. En general,
aquellos adolescentes con una dieta saludable y fisicamente activos mostraron un menor riesgo
de enfermedad cardiovascular. Tradicionalmente se ha estudiado por separado la asociacién de
la dieta y la actividad fisica en la salud cardiovascular, pero no el efecto combinado de ambas.
El presente estudio supone, por tanto, una novedosa contribucion cientifica en el &mbito de la
Salud Publica.
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En el articulo 11, aceptado en Journal of Nutrition Education and Behavior en febrero de
2013, se analizo la agrupacion de maltiples factores que se asocian a diferentes estilos de vida o
patrones de comportamiento entre los adolescentes que participaron en el estudio HELENA.
También se estudi6 si dichos patrones difieren seglin género, edad y diferentes componentes de
salud como la composicion corporal, capacidad aerdbica, fuerza muscular y habilidad motora.
Se observaron 5 patrones de comportamiento diferentes en base a minimizar las diferencias intra
grupo y maximizarlas entre grupos en base a cuatro factores: (1) la calidad de la dieta, (2) el
tiempo dedicado a actividades sedentarias diferenciando entre aquellas que implican el uso de
televisidn, video juegos y/u ordenado por motivos ludicos y (3) aquellas otras que se refieren a
actividades académicas extraescolares; y por Gltimo (4) el tiempo dedicado a practicar actividad
fisica. Ademas, los resultados de este articulo muestran que los méas jovenes (12.5-14.9 afios)
son mas activos y siguen una dieta mas saludable que los mas mayores (15-17.5 afios). Entre los
mas mayores, los nifios emplearon mas tiempo en actividades sedentarias ludicas, mientras que
las nifias lo emplearon en actividades académicas extraescolares. Los diferentes patrones de
comportamiento observados se asociaron con el nivel de condicién fisica pero no con la
composicién corporal. En este estudio se constata que un patron de comportamiento saludable
no siempre se caracteriza con un perfil 100% saludable siendo posible su conexién con habitos
no saludables.

En el articulo Ill, actualmente sometido en Journal of Pediatrics, se analizé la
asociacion entre actividad fisica, adiposidad y consumo energético en los adolescentes que
participaron en dos estudios independientes: el estudio HELENA vy la parte sueca del estudio
EYHS. La finalidad de este estudio fue testar la hipdtesis deducida de una teoria alternativa que
postula que los jovenes que practican actividad fisica de intensidad vigorosa desarrollan cuerpos
delgados, mientras que su ingesta energética es relativamente elevada. Los resultados mostraron
gue los jovenes mas delgados tienen una mayor ingesta energética que los menos delgados.
Ademads, los jovenes que practicaron méas actividad fisica de intensidad relativamente alta
tuvieron un mayor consumo de energia. Estos resultados se mantuvieron consistentes después
de excluir del analisis a los adolescentes obesos por su posible infravaloracion del registro
dietético real. Ademads, estudios previos derivados del estudio HELENA y del EYHS
observaron que la actividad fisica intensa se asocié inversamente con la adiposidad. Estos
resultados no son consistentes con la teoria de que la obesidad es consecuencia de un
desequilibrio energético inducido por una mayor ingesta energética; en cambio sustentan la
teoria de que la actividad fisica de intensidad vigorosa promueve el desarrollo de cuerpos
delgados, mientras que cumplen con las necesidades energéticas y nutritivas propias de la etapa

de crecimiento. Estos hallazgos podrian contribuir a frenar el sobrepeso y la obesidad entre los
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adolescentes; apoyando la promocién de la actividad fisica junto con una dieta equilibrada en

lugar de una restriccidn energética que podria provocar trastornos de alimentacion.

En el articulo IV, publicado en British Journal of Nutrition en agosto de 2011, se
examin® la asociacion entre la capacidad aer6bica y la ingesta dietética en los adolescentes que
participaron en el estudio HELENA. Los resultados mostraron que aquellos adolescentes con
mayor capacidad aerdbica tuvieron un mayor consumo de productos lacteos. Una mayor
capacidad aerdbica también se relaciond con un mayor consumo de pan/cereales en los nifios, y
una menor ingesta de bebidas azucaradas en las nifias. Estudios previos independientes
mostraron que tanto una alta capacidad aer6bica como una dieta saludable se asocian con un
perfil cardiovascular favorable e incluso con un menor riesgo de mortalidad por diversas causas.
Otros autores que estudiaron a un grupo de adultos observaron que la relacion entre dieta y
salud estuvo influenciada por el nivel de condicion fisica. Existen pocos estudios gue analicen la
posible asociacion entre condicidn fisica y dieta, siendo este estudio el primero desarrollado en
adolescentes. Estos hallazgos suponen una importante contribucion cientifica y ayudan a
entender la relacion entre factores dietéticos e indicadores fisioldgicos de salud como es la
capacidad aerobica.

El articulo V, actualmente sometido en Public Health Nutrition, analiz6 la asociacion
del hecho de tomar el desayuno con la actividad fisica, el sedentarismo y la condicion fisica de
los adolescentes que participaron en el estudio HELENA. Los resultados de este articulo
muestran que tomar el desayuno no estéa asociado con la actividad fisica. Estos resultados fueron
consistentes a través de los diferentes métodos utilizados para evaluar el consumo de desayuno
(dos recordatorios de 24 horas y un cuestionario sobre ‘Food Choice and Preferences’) y la
actividad fisica (medida mediante acelerometria y cuestionarios). Sin embargo, se observé una
asociacion entre tomar el desayuno y tiempo dedicado a actividades sedentarias en nifios y
nifias, aunque los resultados no fueron consistentes a través de los diferentes métodos
empleados. Referente a la condicion fisica, aquellos varones que tomaron el desayuno
habitualmente mostraron una mayor capacidad aerébica, mientras que no se observaron
diferencias en los otros componentes de la condicion fisica estudiados, fuerza muscular y
habilidad motora. Un anélisis adicional donde se dividi6 a los participantes en tener una
capacidad aerobica baja o alta siguiendo los criterios establecidos por el Grupo FITNESSGRAM
del Cooper Institute, mostraron que aquellos nifios y nifias que no tomaron el desayuno tuvieron
menor probabilidad de tener una capacidad aerdbica alta (independientemente de los métodos

utilizados para evaluar el desayuno o la capacidad aerdbica). Estos resultados amplian los
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hallazgos previos observados en el estudio HELENA. Tomar el desayuno habitualmente regula
el apetito que a largo plazo contribuira al control del peso corporal. ElI hecho de tomar el
desayuno parece estar relacionado, ademas, con diversos habitos de vida saludables, entre ellos
seguir una correcta alimentacion y/o un estilo de vida fisicamente activo. Sin embargo, los
resultados desprendidos de este articulo no confirman la asociacion entre tomar el desayuno y
ser fisicamente mas activo, a pesar de la diferente metodologia empleada.

En el articulo VI, pendiente de aceptacion tras someter la versidn revisada en Obesity,
se analiz6 si un mayor consumo de chocolate se asocia con un menor indice de masa corporal,
asi como otros indicadores de grasa corporal total y central en los adolescentes que participaron
en el estudio HELENA. Los resultados de este articulo mostraron que un mayor consumo de
chocolate se asoci6 con niveles mas bajos de grasa total y central, segin lo estimado por el
indice de masa corporal, el porcentaje de grasa corporal (a partir de plicometria e impedancia
bioeléctrica) y el perimetro de cintura. Estos resultados fueron independientes del sexo, la edad,
la madurez sexual, la ingesta energética total, la ingesta de grasas saturadas, fruta y verdura, el
consumo de té y café, y la actividad fisica. Tal y como queda reflejado en la discusion del
presente articulo, un estudio en adultos observd que una mayor frecuencia en el consumo de
chocolate también se asocié con un menos indice de masa corporal. Estos hallazgos son
relevantes desde el punto de vista clinico ya que contribuye a entender los factores que

subyacen en el control y mantenimiento del peso optimo.

En el articulo VII, publicado en Nutricion Hospitalaria en diciembre de 2012, se
estudio la relacion entre la ingesta de huevo y factores de riesgo cardiovascular, asi como el
papel de la actividad fisica en esta posible asociacion, en una submuestra de 380 adolescentes
que participaron el en estudio HELENA. Los principales hallazgos sugieren que no existe
asociacion entre la ingesta de huevo y los factores de riesgo cardiovascular estudiados, tampoco
con el indice de riesgo cardiovascular calculado. Ademas, esta falta de asociacion no estuvo
influenciada por el nivel de actividad fisica. Estos hallazgos suponen un cambio de paradigma
ya que tradicionalmente la ingesta de huevo ha tendido a asociarse indirectamente con un mayor
riesgo de enfermedad cardiovascular por su alto contenido en colesterol. Tal y como se
menciona en la discusion de este articulo, no existen evidencias cientificas que confirmen
nuestros resultados en jovenes, sin embargo recientes estudios en adultos sanos han confirmado
que no hay asociacion entre una ingesta inferior a siete huevos por semana e incidencia de

enfermedad cardiovascular.
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El articulo VIII, publicado en Diabetic Medicine en octubre de 2012, analizé la
asociacion entre la actividad fisica, la condicién fisica y el control glucémico (evaluado
mediante la hemoglobina glucosilada (HbA1c)) en jévenes con diabetes tipo 1 que participaron
en un estudio britanico en el que ha participado la doctoranda durante una estancia de formacion
en la Universidad de Bristol. Los principales resultados mostraron que aquellos nifios y
adolescentes que practicaron mas actividad fisica de intensidad moderada a vigorosa
presentaron un mejor control glucémico (es decir, valores inferiores de HbALc),
independientemente de su sexo, edad, estado de maduracidon, composicion corporal, dosis de
insulina y régimen de insulina. No se ha comprobado que una mejor condicion fisica (evaluada
mediante una prueba submaxima en cicloergdbmetro) estuviera también relacionada con un
mejor control glucémico. Como se puede observar en la discusién del este articulo, estos
resultados coinciden con algunos otros publicados pero contradicen otros. En este articulo se
sugiere que la intensidad con la que se practica la actividad fisica podria ayudar a mejorar el

control glucémico a medio-largo plazo en nifios y adolescentes con diabetes tipo 1.

En el articulo IX, publicado en la Revista de Investigacion en Educacion en 2011, se
aplicé la bateria de test ALPHA-fitness (desarrollada y estandarizada en el proyecto europeo
ALPHA-Assessing Levels of Physical Activity and Fitness) para evaluar la composicion
corporal y la condicién fisica, complementandola con un estudio de habitos de alimentacién, en
el ambito escolar. En base a ello, se disefid una propuesta de addendum al Informe de Salud
Escolar. Los resultados de este estudio muestran que la medida de la composicién corporal, la
condicidn fisica y los habitos alimentarios, es factible de ser evaluada en el ambito escolar e
incorporada en el Informe de Salud Escolar. Un seguimiento individualizado en nifios y
adolescentes a lo largo del periodo de escolarizacién puede ayudar a detectar a aquellos alumnos
con un bajo nivel de condicion fisica y/o problemas de sobrepeso. Este informe de salud
individualizado es informativo para la escuela, la familia y el personal sanitario, todos ellos
implicados en un crecimiento sano y un desarrollo adecuado del nifio y del adolescente, y
deberia ser de utilidad para mejorar comportamientos poco saludables entre los mas jovenes.
Este trabajo supone una implicacion préctica en base a la evidencia cientifica mostrada a lo
largo de la presente memoria de Tesis Doctoral, que informa acerca de la influencia de unos
habitos de vida saludables para prevenir la enfermedad y mantener un estado de salud

cardiovascular 6ptimo a corto y largo plazo.

87



88



1. Diet and physical activity on cardiovascular disease risk factors
[Dieta, actividad fisica y factores de riesgo cardiovascular]

Study I [Articulo I]
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To investigate the combined influence of diet quality and
physical activity on cardiovascular disease (CVD) risk
factors in adolescents, adolescents (n =1513; 12.5-17.5
years) participating in the Healthy Lifestyle in Europe by
Nutrition in Adolescence study were studied. Dietary
intake was registered using a 24-h recall and a diet quality
index was calculated. Physical activity was assessed by
accelerometry. Lifestyle groups were computed as:
healthy diet and active, unhealthy diet but active, healthy
diet but inactive, and unhealthy diet and inactive. CVD
risk factor measurements included cardiorespiratory
fitness, adiposity indicators, blood lipid profile, blood
pressure, and insulin resistance. A CVD risk score was
computed. The healthy diet and active group had a

healthier cardiorespiratory profile, fat mass index (FMI),
triglycerides, and high-density lipoprotein cholesterol
(HDL-C) levels and total cholesterol (TC)/HDL-C ratio
(all P = 0.05). Overall, active adolescents showed higher
cardiorespiratory fitness, lower FMI, TC/HDL-C ratio,
and homeostasis model assessment index and healthier
blood pressure than their inactive peers with either
healthy or unhealthy diet (all P = 0.05). Healthy diet and
active group had healthier CVD risk score compared with
the inactive groups (all P < 0.02). Thus, a combination
of healthy diet and active lifestyle is associated with
decreased CVD risk in adolescents. Moreover, an active
lifestyle may reduce the adverse consequences of an
unhealthy diet.

Cardiovascular diseases (CVDs) are the leading cause of
global mortality (Smith et al., 2006). CVD events occur
most frequently during or after the fifth decade of life;
however, there is evidence that the precursors of CVD
originate in childhood (Kavey et al., 2003). Adverse CVD
risk factors during childhood have been shown to track
into adulthood (Raitakari et al., 2005). The most recog-
nized CVD risk factors are high levels of total cholesterol

*The names of people involved in the HELENA Study Group can be
found online as Appendix 1.

(TC), triglycerides (TGs), insulin resistance, blood pres-
sure, as well as total and central body fat together with low
levels of high-density lipoprotein cholesterol (HDL-C)
and cardiorespiratory fitness (Andersen et al., 2006).

A poor diet together with sedentary lifestyle may
result in body fat accumulation, hyperlipidemia, hyper-
tension, and insulin resistance (WHO, 2003; Andersen
et al., 2006). In addition, diet quality indexes have been
associated with reduced risk of CVD (Arvaniti & Pana-
giotakos, 2008). On the other hand, moderate to vigorous
physical activity (MVPA) has been related to high
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cardiorespiratory fitness, low fatness, a healthier lipid
profile and blood pressure, and a lower insulin resistance
(Andersen et al., 2006).

Although independent associations of diet and physi-
cal activity with CVD risk factors have been reported
(WHO, 2003; Andersen et al., 2006), limited informa-
tion is available about the combined influence of diet
quality and physical activity on CVD risk factors, par-
ticularly when using objective methods to assess physi-
cal activity. Several studies report that healthy diet and
active lifestyles do not always come together (Jago et al.,
2010; Ottevaere et al., 2011), thereby active adolescents
may have a healthy diet, but also the opposite. It is of
public health interest to explore differences in CVD risk
factors among adolescents who are active and have a
healthy diet vs those who are inactive and have an
unhealthy diet. It is also important to examine whether
low levels of activity combined with a healthy diet have
a larger effect on CVD risk factors than high levels of
activity with unhealthy diet. These analyses would
provide a better understanding of the interaction between
lifestyle behaviors and individual health status.

The purpose of this study was to examine the com-
bined influence of diet quality and physical activity on
CVD risk factors (i.e., cardiorespiratory fitness, adipos-
ity indicators, blood lipid profile, blood pressure, and
insulin resistance) in European adolescents participating
in the Healthy Lifestyle in Europe by Nutrition in Ado-
lescence (HELENA) study.

Subjects and methods
Study design

Data were derived from the HELENA-Cross-Sectional Study
(HELENA-CSS). HELENA-CSS is a multicenter study con-
ducted in 10 European cities: Stockholm in Sweden, Dortmund in
Germany, Ghent in Belgium, Lille in France, Pecs in Hungary,
Vienna in Austria, Rome in Italy, Athens (inland city) and Her-
aklion (Mediterranean island city) in Greece, and Zaragoza in
Spain. A total of 3528 adolescents (age range 12.5-17.5 years)
were assessed at schools between 2006 and 2007 (Moreno et al.,
2008), of whom 1089 participants were randomly selected to give
a blood sample (Gonzalez-Gross et al., 2008). All procedures
involving human participants were approved by the Ethics Com-
mittee (Beghin etal.,, 2008) of each city involved. Written
informed consent was obtained from both adolescents and their
parents.

Participants

The participants with valid accelerometry data and who completed
at least on 2 days 24-h dietary recalls were included in the study.
Only eight centers were included in the present study because
incomplete information was obtained for the 24-h dietary recall
analyses in both Heraklion and Pecs. Based on these criteria, a
total of 1513 adolescents (45% boys) were finally included in the
study, of whom 481 (45% boys) had blood analysis. Age, sex,
body weight, height, and body mass index (BMI) were lower in the
excluded participants than in the included participants (all
P <0.002).

2

Measurements
Dietary intake

The HELENA-DIAT (Dietary Assessment Tool) 24-h dietary
recall software was used to obtain dietary intake data (Vereecken
et al., 2008). Dietary intake was divided into six meal occasions.
Adolescents completed the program autonomously in the com-
puter classroom during schooltime and dietary intake was
referred to the day before the interview. Fieldworkers were
present to give assistance if necessary. Every participant was
asked to fill in the HELENA-DIAT on two nonconsecutive days,
a time span of 2 weeks. The days of data collection in each
school were chosen arbitrarily. Because the questionnaire
was filled in during schooltime, no data could be collected
about the dietary intake on Fridays and Saturdays. The
HELENA-DIAT tool has been indicated as a good method to
collect detailed dietary information from adolescents and was
received well by the study participants (Vereecken et al., 2005).
A validation study indicated that the Young Adolescents’
Nutrition Assessment on Computer (YANA-C), a former version
of the HELENA-DIAT, showed good agreement with an
interviewer-administered YANA-C interview (Vereecken et al.,
2005).

The Diet Quality Index for Adolescents (DQI-A) was devel-
oped using the data derived from the HELENA-DIAT and cal-
culated based on the diet quality index in preschool by
Huybrechts et al. (2010). The daily diet was divided into nine
recommended food groups (VIG, 2006): (a) water; (b) bread and
cereals; (c) grains and potatoes; (d) vegetables; (e) fruit; (f) milk
products; (g) cheese; (h) meat, fish, eggs, and substitutes; and (i)
fats and oils. For each of these food groups a range of recom-
mended daily intakes was provided (VIG, 2006). The DQI-A
consists of three pillars based on the principles of a healthy diet:
dietary equilibrium, dietary diversity, and dietary quality (VIG,
2006). Dietary equilibrium indicated to what extent the con-
sumed portion sizes of the different food groups corresponded to
the daily quantities recommended in the food-based dietary
guidelines taking into account both under- and overconsumption.
Dietary diversity expresses the degree of variation in the diet
(when at least one serving of food per day from each of the nine
recommended food groups was consumed). Finally, dietary
quality components represent the optimal food quality choice
within a food group and was represented by a “preference
group” (e.g., fresh fruit and cereal/brown bread, fish products,
and low-fat meat), a “moderation group” (e.g., white bread, veg-
etables conserved with added salt, sugared milk products, eggs),
and a “low-nutrient, energy-dense group” (e.g., soft drink, sweet
snacks, fried meat). These three components of the DQI-A were
presented in percentages. The dietary quality component ranged
from —100% to 100% while dietary diversity and dietary equi-
librium ranged from 0% to 100%. To compute the overall
DQI-A, the score is calculated as the mean of the three above-
mentioned pillars and ranges from —33% to 100%, with a higher
score correlating with a higher diet quality. The score was cal-
culated for each day and a mean of the daily scores was taken as
a global index score of the individual. The validity of DQI-A has
been confirmed, DQI-A was related to food and nutrient intakes
and some concentration biomarkers in blood by Vyncke et al.
(2012). Because there is no well-established cut-point for the
diet quality index used, we arbitrarily dichotomized the variable
using the 25th percentile, so that 25% of the population would
be in the risk group of poor diet quality. The same percentile has
been used in different health-related variables (e.g., waist cir-
cumference, BMI, TG, TC/HDL-C ratio, plasma leptin, insulin
levels, systolic blood pressure, cardiorespiratory fitness, etc.) in a
number of population-based studies to define subjects at lower vs
higher risk (Chu et al., 2000; Wyszynski et al., 2005; Ruiz et al.,
2007).



Physical activity

Physical activity was assessed during 7 consecutive days using
accelerometers (Actigraph GT1M, Manufacturing Technology
Inc., Pensacola, Florida, USA). Adolescents wore the accelerom-
eters on the lower back during the waking hours. For the present
study, data were saved in 15-se intervals (epochs). Data with
periods of continuous zero values for more than 20 min were
considered “accelerometer non-wear” periods and were therefore
excluded from the analyses. Likewise, registers of more than
20 000 counts/min were interpreted as a potential malfunction of
the accelerometer and were also excluded from the analyses. Data
were considered as valid if the adolescents had accelerometer
counts for at least 3 days with at least 8 h of recording time per day
(Ruiz et al., 2011). Data were analysed and minutes per day spent
in at least moderate physical activity intensity were calculated
according with the standardized cutoff point of = 2000 counts/
min (Ruiz et al., 2011). MVPA was dichotomized into < 60 and
= 60 min/day according to the guidelines (WHO, 2010).

Cardiorespiratory fitness

Cardiorespiratory fitness was measured with the 20-m shuttle run
test (Leger et al., 1988). Participants were required to run between
two lines 20 m apart, while keeping pace with audio signals
emitted from a prerecorded compact disc. The initial speed is
8.5 km/h, which is increased by 0.5 km/h/min (1 min equals one
stage). The test was performed once, and the last half-stage ful-
filled by the adolescent was recorded. Maximal oxygen uptake
[VOomax (ml/kg/min)] was estimated using the equations reported
by Leger et al. (1988).

Anthropometry

Anthropometric measurements were collected by trained research-
ers in a standardized format with participants barefoot and in
underwear (Nagy et al., 2008). Height was measured with a tele-
scopic stadiometer (SECA 225) to the nearest 0.1 cm and weight
was measured with an electronic scale (SECA 861) to the nearest
0.1 kg. BMI was calculated as body weight (kg) divided by height
(m) squared. Waist circumference was measured in triplicate at the
midpoint between the lowest rib and the iliac crest using an anthro-
pometric tape (SECA 200). Waist-height ratio was computed
dividing waist circumference (cm) by height (cm). The biceps,
triceps, subscapular, and suprailiac skinfold thickness were mea-
sured on the left side of the body to 0.2 mm using a Holtain
Caliper (Crymych, UK). Body fat percentage was calculated by
the equation described by Slaughter et al. (1988), and fat mass
index was calculated as fat mass (kg) divided by height (m).
Sexual maturation was measured by a physician during a medical
examination, according to the methods described by Tanner and
Whitehouse (1976).

Blood analyses

A detailed description of the blood sampling procedures has been
published by Gonzalez-Gross et al. (2008). Briefly, fasting blood
samples were collected by venipuncture at school, between 8:00
and 10:00 h, and were analysed in centralized laboratories. Serum
TG, TC, HDL-C, low-density lipoprotein cholesterol (LDL-C),
and glucose were measured on the Dimension RxL clinical chem-
istry system (Dade Behring, Schwalbach, Germany) with enzy-
matic methods that used the manufacturer’s reagents and
instructions. TC/HDL-C ratio was calculated. Insulin was mea-
sured from heparin plasma by a solid-phase two-site chemilumi-
nescent immunometric assay with an Immulite 2000 analyser
(DPC Biermann GmbH, Bad Nauheim, Germany). The homeosta-
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sis model assessment (HOMA) index was also calculated as:
insulin (ULU/mL) X glucose (mmol/L)/22.5 (Matthews et al.,
1985).

Blood pressure

Systolic and diastolic blood pressures were measured with an
automatic oscillometric device (OMRON M6). Two measures
were taken 5 min apart on the right arm (in an extended position)
and the lowest value was recorded in millimeter of mercury
(mmHg). After the measurement, adolescents rested for 5 min.
The mean arterial pressure, defined as the average arterial pressure
during a single cardiac cycle, was calculated using the following
equation: diastolic blood pressure + [0.333 (systolic blood pres-
sure — diastolic blood pressure)] (Zheng et al., 2008).

Socioeconomic status

A self-reported questionnaire was used to collect data about socio-
economic status and clinical assessment (Iliescu et al., 2008).
Maternal education level, as a marker of the socioeconomic status,
adolescents’ birth weight, and duration of breastfeeding were col-
lected from participants and their parent and used as potential
confounders.

Lifestyle groups and CVD risk factors

Both diet (< 25th vs = 25th percentile of the DQI-A, unhealthy
and healthy diets, respectively) and physical activity (<60 vs
=60 min MVPA, inactive and active, respectively) categories were
combined to create four different lifestyle groups: (a) healthy diet
and active; (b) unhealthy diet but active; (c) healthy diet but inac-
tive; and (d) unhealthy diet and inactive.

Cardiorespiratory fitness, adiposity indicators (BMI, fat mass
index, and waist-height ratio), blood lipid profile (TG, TC,
HDL-C, LDL-C, and TC/HDL-C ratio), blood pressure (systolic,
diastolic, and mean arterial pressure), and insulin resistance
(HOMA index) were considered as individual CVD risk factors.
Each of these variables was standardized as follows: standardized
value (z-score) = [(value — mean)/SD], separately for sex and by 1
year age groups. Z-score for each variable was estimated in the
complete sample in order to show a representative z-score and then
the study sample was selected according to the criteria inclusion
aforementioned. Z-score values were used instead of the original
units of measurement to make the results for different risk factors
easily comparable. In addition, we computed a CVD risk score
(mean of z-scores) that included the following individual CVD
risk factors: cardiorespiratory fitness (multiplied by —1), sum of
four skinfolds, TG, TC/HDL-C ratio, systolic blood pressure, and
HOMA index (Andersen et al., 2006). A lower CVD risk score is
indicative of a better CVD risk profile.

Statistical analysis

Descriptive statistics (mean = SD, percent) were calculated. Fat
mass index, sum for four skinfolds, waist-height ratio, TG, and
HOMA index variables were transformed to the natural logarithm.
Sex differences were examined by analysis of variance and chi-
square tests. Interaction analysis by sex between lifestyle groups
and CVD risk factors indicated no gender difference. All remain-
ing analyses were conducted with boys and girls combined.

To examine the differences among lifestyle groups — (a) healthy
diet and active; (b) unhealthy diet but active; (c) healthy diet but
inactive; and (d) unhealthy diet and inactive — in CVD risk factors
we used mixed model analysis (also known as multilevel analysis).
Lifestyle group was considered as an independent variable and
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Fig. 1. Differences in cardiorespiratory fitness according to lif-
estyle groups in European adolescents (n = 1230). Values are
shown as means and 95% CI. Z-score for cardiorespiratory
fitness was adjusted by sex and age. Mixed model analysis was
adjusted for sex, age, sexual maturation, and center. ***Common
superscripts indicate a significant difference (all P = 0.04).

CVD risk factors (i.e., cardiorespiratory fitness, adiposity indica-
tors, blood lipid profile, blood pressure, and insulin resistance) and
CVD risk score as dependent variables (outcome). Sex, age, and
sexual maturation were entered as covariates and the study center
was included as a random intercept. Pairwise comparisons
between groups were performed with least significant difference
(LSD), which is equivalent to multiple individual 7-test between all
pairs of groups. The LSD method was used in order to avoid the
limitations attributed to multiple compilations test (e.g., Bonfer-
roni) (Perneger, 1998). All analyses were performed using the
statistical software PASW for Windows version 18 (PASW Inc.,
Chicago, Illinois, USA). Alpha was set at P < 0.05.

Results

A total of 1513 adolescents aged 12.5-17.5 years (45%
boys) from the HELENA study participated in this study,
of whom 481 (45% boys) had blood analysis. Overall,
sex differences were found in the different variables
under study (Supporting Information Table S1).

All the analyses were done using standardized values
(z-score) in order to facilitate visual comparisons in the
figures (Figs 1, 2, 3 and 4). Although the analyses were
done using z-scores, here in the text we present adjusted
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Fig. 2. Differences in adiposity indicators —i.e., body mass index, fat mass index, and waist—height ratio — according to lifestyle groups
in European adolescents (n = 1475; 1463 and 1462, respectively). Values are shown as means and 95% CI. Z-score for adiposity
indicators was adjusted by sex and age. Mixed model analyses were adjusted for sex, age, sexual maturation, and center. **Common
superscripts indicate a significant difference (all P = 0.02). “*Common superscripts indicate a borderline difference (P = 0.06).
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Fig. 3. Differences in blood lipid profile — i.e., triglycerides, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),

low-density lipoprotein cholesterol (LDL-C), and TC/HDL-C) — according to

lifestyle groups in European adolescents (n =479).

Values are shown as means and 95% CI. Z-score for lipid profile variables was adjusted by sex and age. Mixed model analyses were
adjusted for sex, age, sexual maturation, and center. “*Common superscripts indicate a significant difference (all P < 0.04). **Common

superscripts indicate a borderline difference (all P = 0.09).
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Fig. 4. Differences in blood pressure (mean arterial pressure and systolic and diastolic blood pressures, n =1466) and insulin
resistance [homeostasis model assessment (HOMA) index, n = 471] according to lifestyle groups in European adolescents. Values are
shown as means and 95% CI. Z-score for blood pressure variables and HOMA index was adjusted by sex and age. Mixed model
analyses were adjusted for sex, age, sexual maturation, and center. *>**Common superscripts indicate a significant difference (all
P = 0.04). “*Common superscripts indicate a borderline difference (P = 0.06).

means = SE expressed in their original units of mea-
surement, so that the values can be clinically interpreted.

The healthy diet and active group had a more favor-
able cardiorespiratory profile compared with the rest of
the groups (all P = 0.004). The healthy diet and active
group had better cardiorespiratory fitness (ml/kg/min)
compared with the unhealthy diet but active group, the
healthy diet but inactive group, and the unhealthy
diet and inactive group (44.4 = 0.782, 42.7 = 0.906,
41.8 = 0.767, and 40.2 = 0.883, respectively) (Fig. 1).

Adolescents with healthy diet and were active had
lower fat mass index (kg/m) (4.7 £ 0.312) than those
who were inactive with either a healthy or unhealthy diet
(5.3 £0.303, P=0.002 and 5.4 =0.361, P=0.017,
respectively) (Fig.2). Moreover, adolescents with
healthy diet and were active had lower waist-height ratio
(cm) compared with those with a healthy diet but who
were inactive (0.43 £ 0.006 vs 0.44 = 0.004, with a bor-
derline difference of P =0.06). Nonsignificant differ-
ences appeared for BMI (Fig. 2).

The blood lipid profile (i.e., TG, TC, HDL-C, LDL-C,
and TC/HDL-C ratio) differed among lifestyle groups
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(Fig. 3). The healthy diet and active group had a lower
TG levels (mg/dL) compared with the healthy diet
but inactive group (63.3 £ 2.867 vs 70.0 = 2.576;
P =0.011). Adolescents with an unhealthy diet but were
active had lower TC (mg/dL) and LDL-C levels (mg/dL)
than their peers with a healthy diet but who were inactive
(151.7 £5.062 vs 162.1 2903, P=0.043; and
85.8 = 4.266 vs 95.7 = 1.825, P =0.043, respectively).
The healthy diet and active group had a higher HDL-C
level (mg/dL) compared with their peers with an
unhealthy diet and who were inactive (57.2 = 1.216 vs
52.5 = 1.757; P=0.013). Active adolescents with
healthy diet had a lower TC/HDL-C ratio (mg/dL) com-
pared with their inactive peers with an unhealthy diet
(2.8 = 0.05 vs 3.0 = 0.09; P=0.018). Moreover, the
unhealthy diet but active group had a lower TC/HDL-C
ratio than the unhealthy diet and inactive group (with a
borderline difference of P =0.07) (Fig. 3).

Active participants with either healthy or unhealthy
diet had lower mean arterial pressure (mmHg) than
inactive adolescents with healthy diet (84.1 % 1.249,
P=0.016 and 83.3 = 1.389, P =0.011, respectively, vs
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Fig. 5. Differences in the cardiovascular disease (CVD) risk
score according to lifestyle groups in European adolescents
(n=379). CVD risk score was composed by mean of z-score
from cardiorespiratory fitness, sum of four skinfolds, triglycer-
ides, total cholesterol/high-density lipoprotein cholesterol ratio,
and insulin resistance (homeostasis model assessment index)
(Andersen et al., 2006). Values are shown as means and 95% CI.
Z-score for CVD risk factors was adjusted by sex and age. Mixed
model analyses were adjusted for sex, age, sexual maturation,
and center. *®Common superscripts indicate a significant differ-
ence (all P = 0.02).

85.3 = 1.229) (Fig. 4). Unexpectedly, adolescents with
an unhealthy diet who were inactive had borderline
lower mean arterial pressure than inactive adolescents
with a healthy diet (84.0 £1.362, P=0.016 vs
85.3 £ 1.229, P =0.06). Similar patterns were observed
when systolic and diastolic blood pressures were studied
(Fig. 4). The unhealthy diet and inactive group had
markedly higher levels of HOMA index compared with
the other groups (3.0 = 0.277 vs 2.1 £0.192 from
healthy and active group; 1.8 = 0.311 from unhealthy
but active group; and 2.3 * 0.182 from healthy diet and
inactive group) (all P = 0.008), showing active adoles-
cents with either healthy or unhealthy diet had the lowest
levels of HOMA index (Fig. 4).

The healthy diet and active group had the lowest
CVD risk score and the unhealthy diet and inactive
group had the highest (Fig. 5). Active adolescents with
healthy diet had lower CVD risk score than inactive
adolescents with either a healthy or unhealthy diet
(=0.230 = 0.94 vs -0.015 %£0.019, P=0.002 and
0.021 £ 0.122, P=0.019, respectively) (Fig.5). The
same trend was observed with other metabolic risk
index (Zimmet et al., 2007; Artero et al., 2011), includ-
ing variables as waist circumference, TG, TC/HDL-C
ratio, systolic blood pressure, and HOMA index (data
not shown).

Additional analyses were performed using the 50th
percentile on DQI-A to develop the lifestyle groups;
overall the results did not change (data not shown). Simi-
larly, when socioeconomic status, birth weight, or
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breast-feeding variables were entered as covariates in the
multilevel model to assess the differences between lif-
estyle groups and CVD risk factors, the results remained
unchanged (data not shown).

Finally, a complementary analysis was developed with
dietary index and physical activity in continuous scale.
The results showed that physical activity was related to
most of the CVD risk factors, while dietary index was
related only to a few of them, without changes when the
models were mutually adjusted for both dietary index
and physical activity (Supporting Information Table S2).

Discussion

Our data suggest that a healthy diet and active lifestyle
have a combined influence on CVD risk factors in Euro-
pean adolescents, showing that the group with a healthy
diet and an active lifestyle presents a healthier cardio-
respiratory profile, i.e., fat mass index, TGs, and HDL-C
levels and TC/HDL-C ratio. In addition, we observed
that active adolescents showed a higher cardiorespira-
tory fitness, lower total and central adiposity, healthier
blood lipid profile and blood pressure, and lower insulin
resistance levels than their inactive peers, regardless of
their diet quality.

Being active was associated with higher cardiorespi-
ratory fitness profile. Although this finding was a priori
expected, direct comparisons between the effect of diet
quality and physical activity on cardiorespiratory fitness
have not previously been reported in adolescents. Inter-
estingly, when a healthy diet was combined with an
active lifestyle, an additional and significantly higher
cardiorespiratory fitness was observed, in comparison to
only presenting an unhealthy diet but active (the magni-
tude of difference was 53%). This is a new finding and a
major contribution of this study, supporting a combined
influence of diet and physical activity on adolescents’
fitness. On the other hand, the separate influence of a
healthy diet (Cuenca-Garcia et al., 2012) and physical
activity (Ortega et al., 2008) has been positively associ-
ated with cardiorespiratory fitness in young people.

In our study, healthy diet consumers and active par-
ticipants showed lower total and central adiposity com-
pared with those who were inactive, independent of their
diet quality, thus highlighting the negative effect of inac-
tivity in total and central adiposity in adolescents,
regardless of diet quality. Several studies have reported
the separate effect of diet and physical activity on total
and central adiposity (Moliner-Urdiales et al., 2009;
Bradlee et al., 2010). Patrick et al. (2004) showed that of
the seven dietary and physical activity variables exam-
ined, insufficient physical activity was the only risk
factor for higher BMI for adolescent, which is in line
with our findings. In addition, they did not observe inter-
action between diet and physical activity when they
studied the association of both with the BMI. Lioret et al.
(2008) observed that overweight was inversely corre-
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lated with a varied food intake and physically active
pattern and was positively associated with a snack intake
and sedentary pattern in children. We have not found
studies examining the combined influence of MVPA and
diet quality index on more specific adiposity markers,
such as waist-height ratio and fat mass index, which
precludes comparison with previous studies.

Overall, inactive groups had a worse blood lipid
profile than active groups, independent of diet quality.
This is in agreement with the findings by Hurtig-
Wennlof et al. (2007), although the diet was not used as
an influencing variable. This point is important because
the positive effect of a healthy diet on blood lipid profile
has been suggested (Berenson et al., 1998). Based on the
current literature, there is evidence for the effect of lif-
estyle on the lipid profile, but our findings suggest that
physical activity may overcome the deleterious effects of
unhealthy dietary habits, at least in adolescents. The
combined influence of diet and physical activity has
been frequently studied in interventional studies in
adults; e.g., after a 12-week hypocaloric diet and physi-
cal activity intervention in women, greater health ben-
efits were found from the combination of both behaviors
compared with isolated interventions (Kirkwood et al.,
2007). However, we have not found studies comparing
the influence of both behaviors in a similar report and in
young European people.

Independent of diet quality, active participants pre-
sented lower blood pressure than their inactive peers.
The influence of both lifestyle behaviors has not been
previously reported in adolescents because diet or physi-
cal activity has been independently studied. Lazarou
etal. (2009) suggest that adherence to Mediterranean
diet plays an important role in determining blood pres-
sure in children, while no significant results were shown
for self-reported physical activity, highlighting other lif-
estyle choices as influential. In contrast, other authors
have observed favorable influences of physical activity
on blood pressure (Mark & Janssen, 2008).

Adolescents from the unhealthy diet and inactive
group presented the highest insulin resistance, and inac-
tivity seems to be the major determinant of this increase.
Previous studies have shown the inverse relationships of
healthy diet (WHO, 2003) and physical activity (Rizzo
etal., 2008) with insulin resistance level in young
people. Likewise, Manios etal. (2010) developed a
Healthy Lifestyle-Diet Index composed of diet, physical
activity, and sedentary time that was associated with
lower insulin resistance level in children. Direct com-
parisons are not possible because we did not measure
sedentary behaviors in our study, and it is known that
different sedentary patterns are associated with different
food habits.

Several CVD risk indexes have been studied, taking
into account different risk factors. In this study, we cal-
culated a CVD risk score previously used by Andersen
et al. (2006) in children. We observed that the healthy
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diet and active group had the lowest CVD risk score and
the unhealthy diet but inactive group the highest. More-
over, the healthy diet and active group showed a lower
CVD risk score compared with their inactive peers, inde-
pendent of their diet. Moreover, we used an additional
CVD risk index recommended by Zimmet et al. (2007),
which excluded cardiorespiratory fitness, and the same
tendency was found (data not shown). Thus, from a
public health perspective, an active lifestyle may be
useful for preventing risk of CVD and other noncommu-
nicable diseases and even more, if it is combined with a
healthy diet.

Some limitations of the present study need to be men-
tioned. Diet data were self-reported by the adolescents,
while physical activity was objectively measured using
accelerometers. The error of dietary assessment could
have been larger than for physical activity, which could
have led to an underestimation of the influence of diet on
the study outcomes. Also, the cross-sectional study does
not allow us to identify causal relationships. Future inter-
vention studies should investigate the combined and
single effect of lifestyle behaviors on CVD risk factors in
adolescents. A major strength of the HELENA study is
the highly standardized procedures used. Another
strength is the use of multiple indicators of CVD risk
factors, which provide valuable information about the
cardiometabolic status in adolescents.

In summary, our data suggest that combination of a
healthy diet and active lifestyle is associated with
healthier levels of key CVD risk factors, such as cardio-
respiratory fitness, adiposity, and blood lipid profile. In
addition, we observed that being physically active may
reduce the deleterious effects of an unhealthy diet, but
whether a healthy diet can counteract the adverse effect
of an inactive lifestyle was not supported by our data.

Perspectives

Although independent associations of diet and physical
activity with CVD risk factors have been reported
(WHO, 2003; Andersen et al., 2006), little is known
about the combined influence of diet quality and physi-
cal activity on CVD risk factors. Moreover, it is well
known that healthy behaviors do not always come
together (Jago et al., 2010; Ottevaere et al., 2011). Addi-
tional studies would provide a better understanding of
the interaction between lifestyle behaviors and indi-
vidual health status. The results of this study demon-
strate that combination of healthy diet and active
lifestyle may prevent the CVD risk in adolescents. In
addition, an active lifestyle may reduce the adverse con-
sequences of an unhealthy diet, but whether a healthy
diet can counteract the deleterious effects of an inactive
lifestyle was not supported by our data. These results
will assist in designing more effective intervention strat-
egies in adolescents.



Key words: diet quality index, physical activity, body
composition, lipid profile, blood pressure, insulin resis-
tance, cardiovascular disease risk, HELENA study.

Acknowledgements

The HELENA study took place with the financial support of the
European Community Sixth RTD Framework Programme (Con-
tract FOOD-CT: 2005-007034). This work was also partially sup-
ported by the European Union, in the framework of the Public
Health Programme (ALPHA project, Ref: 2006120), the Swedish
Council for Working Life and Social Research (FAS), the Spanish
Ministry of Education (AP-2008-03806, AGL2007-29784-E/ALL,
AP-2005-3827), the Spanish Ministry of Science and Innovation
(RYC-2010-05957, RYC-2011-09011), the Spanish Ministry of
Health, Maternal, Child Health and Development Network (No.
RDO08/0072) (LAM), Universidad Politécnica of Madrid (CH/018/
2008), the Swedish Heart-Lung Foundation (20090635) and the
Aragon’s Regional Government (SBS). The content of this paper
reflects only the authors’ views and the rest of HELENA study
members and the European Community are not liable for any use

References

Andersen LB, Harro M, Sardinha LB,

Healthy lifestyle and cardiovascular diseases

that may be made of the information contained therein. The
authors gratefully acknowledge all participating children and ado-
lescents, and their parents and teachers, for their collaboration.
Many thanks to Petra Pickert and Anke Carstensen for their con-
tribution to laboratory work, we also acknowledge the rest of the
members involved in the fieldwork for their efforts and great
enthusiasm.

Supporting information

Additional Supporting Information may be found in the
online version of this article:

Table S1. Descriptive characteristics of the European
adolescents sample from HELENA study.

Table S2. Association between cardiovascular disease
risk factors, dietary index, and physical activity in Euro-
peanadolescents.

Appendix 1. The names of people involved in the
HELENA Study Group.

Froberg K, Ekelund U, Brage S,
Anderssen SA. Physical activity and
clustered cardiovascular risk in
children: a cross-sectional study (The
European Youth Heart Study). Lancet
2006: 368 (9532): 299-304.

Artero EG, Ruiz JR, Ortega FB,

Espana-Romero V, Vicente-Rodriguez
G, Molnar D, Gottrand F,
Gonzalez-Gross M, Breidenassel C,
Moreno LA, Gutierrez A. Muscular and
cardiorespiratory fitness are
independently associated with
metabolic risk in adolescents: the
HELENA study. Pediatr Diabetes 2011:
12 (8): 704-712.

Arvaniti F, Panagiotakos DB. Healthy

indexes in public health practice and
research: a review. Crit Rev Food Sci
Nutr 2008: 48 (4): 317-327.

Beghin L, Castera M, Manios Y, Gilbert

CC, Kersting M, De Henauw S,
Kafatos A, Gottrand F, Molnar D,
Sjostrom M, Leclercq C, Widhalm K,
Mesana MI, Moreno LA, Libersa C.
Quality assurance of ethical issues and
regulatory aspects relating to good
clinical practices in the HELENA
Cross-Sectional Study. Int J Obes
(Lond) 2008: 32 (Suppl. 5):

S12-S18.

Berenson GS, Srinivasan SR, Nicklas TA.

Atherosclerosis: a nutritional disease of
childhood. Am J Cardiol 1998: 82
(10B): 22T-29T.

Bradlee ML, Singer MR, Qureshi MM,

Moore LL. Food group intake and
central obesity among children and
adolescents in the Third National
Health and Nutrition Examination
Survey (NHANES III). Public Health
Nutr 2010: 13 (6): 797-805.

Chu NF, Wang DJ, Shieh SM, Rimm EB.

Plasma leptin concentrations and
obesity in relation to insulin resistance
syndrome components among school
children in Taiwan — The Taipei
Children Heart Study. Int J Obes Relat
Metab Disord 2000: 24 (10):
1265-1271.

Cuenca-Garcia M, Ortega FB, Huybrechts

I, Ruiz JR, Gonzalez-Gross M,
Ottevaere C, Sjostrom M, Diaz LE,
Ciarapica D, Molnar D, Gottrand F,
Plada M, Manios Y, Moreno LA, De
Henauw S, Kersting M, Castillo MJ.
Cardiorespiratory fitness and dietary
intake in European adolescents: the
Healthy Lifestyle in Europe by
Nutrition in Adolescence study. BrJ
Nutr 2012: 107 (12): 1850-1859.

Gonzalez-Gross M, Breidenassel C,

Gomez-Martinez S, Ferrari M, Beghin
L, Spinneker A, Diaz LE, Maiani G,
Demailly A, Al-Tahan J, Albers U,
Warnberg J, Stoffel-Wagner B,
Jimenez-Pavon D, Libersa C, Pietrzik
K, Marcos A, Stehle P. Sampling and
processing of fresh blood samples
within a European multicenter
nutritional study: evaluation of
biomarker stability during transport and
storage. Int J Obes (Lond) 2008: 32
(Suppl. 5): S66-S75.

Hurtig-Wennlof A, Ruiz JR, Harro M,

Sjostrom M. Cardiorespiratory fitness
relates more strongly than physical
activity to cardiovascular disease risk
factors in healthy children and
adolescents: the European Youth Heart
Study. Eur J Cardiovasc Prev Rehabil
2007: 14 (4): 575-581.

Huybrechts I, Vereecken C, De Bacquer D,

Vandevijvere S, Van Oyen H, Maes L,
Vanhauwaert E, Temme L, De Backer

G, De Henauw S. Reproducibility and
validity of a diet quality index for
children assessed using a FFQ. Br J
Nutr 2010: 104 (1): 135-144.

Iliescu C, Beghin L, Maes L, De

Bourdeaudhuij I, Libersa C, Vereecken
C, Gonzalez-Gross M, Kersting M,
Molnar D, Leclercq C, Sjostrom M,
Manios Y, Wildhalm K, Kafatos A,
Moreno LA, Gottrand F.
Socioeconomic questionnaire and
clinical assessment in the HELENA
Cross-Sectional Study: methodology.
Int J Obes (Lond) 2008: 32 (Suppl. 5):
S19-S25.

Jago R, Ness AR, Emmett P, Mattocks C,

Jones L, Riddoch CJ. Obesogenic diet
and physical activity: independent or
associated behaviours in adolescents?
Public Health Nutr 2010: 13 (5):
673-681.

Kavey RE, Daniels SR, Lauer RM, Atkins

DL, Hayman LL, Taubert K. American
Heart Association guidelines for
primary prevention of atherosclerotic
cardiovascular disease beginning in
childhood. J Pediatr 2003: 142 (4):
368-372.

Kirkwood L, Aldujaili E, Drummond S.

Effects of advice on dietary intake
and/or physical activity on body
composition, blood lipids and insulin
resistance following a low-fat,
sucrose-containing, high-carbohydrate,
energy-restricted diet. Int J Food Sci
Nutr 2007: 58 (5): 383-397.

Lazarou C, Panagiotakos DB, Matalas

AL. Lifestyle factors are determinants
of children’s blood pressure levels: the
CYKIDS study. J Hum Hypertens
2009: 23 (7): 456-463.

Leger LA, Mercier D, Gadoury C,

Lambert J. The multistage 20 metre



Cuenca-Garecia et al.

shuttle run test for aerobic fitness. J
Sports Sci 1988: 6 (2): 93-101.

Lioret S, Touvier M, Lafay L, Volatier JL,
Maire B. Dietary and physical activity
patterns in French children are related
to overweight and socioeconomic
status. J Nutr 2008: 138 (1): 101-107.

Manios Y, Kourlaba G, Grammatikaki E,
Koubitski A, Siatitsa PE, Vandorou A,
Kyriakou K, Dede V, Moschonis G.
Development of a lifestyle-diet quality
index for primary schoolchildren and
its relation to insulin resistance: the
Healthy Lifestyle-Diet Index. Eur J
Clin Nutr 2010: 64 (12): 1399-1406.

Mark AE, Janssen 1. Dose-response
relation between physical activity and
blood pressure in youth. Med Sci
Sports Exerc 2008: 40 (6): 1007-1012.

Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin
resistance and beta-cell function from
fasting plasma glucose and insulin
concentrations in man. Diabetologia
1985: 28 (7): 412-419.

Moliner-Urdiales D, Ruiz JR, Ortega FB,
Rey-Lopez JP, Vicente-Rodriguez G,
Espana-Romero V, Munguia-Izquierdo
D, Castillo MJ, Sjostrom M, Moreno
LA. Association of objectively assessed
physical activity with total and central
body fat in Spanish adolescents; the
HELENA Study. Int J Obes (Lond)
2009: 33 (10): 1126-1135.

Moreno LA, Gonzalez-Gross M, Kersting
M, Molnar D, de Henauw S, Beghin L,
Sjostrom M, Hagstromer M, Manios Y,
Gilbert CC, Ortega FB, Dallongeville J,
Arcella D, Warnberg J, Hallberg M,
Fredriksson H, Maes L, Widhalm K,
Kafatos AG, Marcos A. Assessing,
understanding and modifying
nutritional status, eating habits and
physical activity in European
adolescents: the HELENA (Healthy
Lifestyle in Europe by Nutrition in
Adolescence) Study. Public Health
Nutr 2008: 11 (3): 288-299.

Nagy E, Vicente-Rodriguez G, Manios Y,
Beghin L, Iliescu C, Censi L, Dietrich
S, Ortega FB, De Vriendt T, Plada M,
Moreno LA, Molnar D. Harmonization
process and reliability assessment of
anthropometric measurements in a
multicenter study in adolescents. Int J
Obes (Lond) 2008: 32 (Suppl. 5):
S58-S65.

Ortega FB, Ruiz JR, Hurtig-Wennlof A,
Sjostrom M. [Physically active
adolescents are more likely to have a
healthier cardiovascular fitness level
independently of their adiposity status.
The European youth heart study]. Rev
Esp Cardiol 2008: 61 (2): 123-129.

Ottevaere C, Huybrechts I, Benser J, De
Bourdeaudhuij I, Cuenca-Garcia M,
Dallongeville J, Zaccaria M, Gottrand

10

F, Kersting M, Rey-Lopez JP, Manios
Y, Molnar D, Moreno LA, Smpokos E,
Widhalm K, De Henauw S. Clustering
patterns of physical activity, sedentary
and dietary behavior among European
adolescents: the HELENA study. BMC
Public Health 2011: 11: 328.

Patrick K, Norman GJ, Calfas KJ, Sallis
JF, Zabinski MF, Rupp J, Cella J. Diet,
physical activity, and sedentary
behaviors as risk factors for overweight
in adolescence. Arch Pediatr Adolesc
Med 2004: 158 (4): 385-390.

Perneger TV. What’s wrong with
Bonferroni adjustments. BMJ 1998:
316 (7139): 1236-1238.

Raitakari OT, Juonala M, Viikari JS.
Obesity in childhood and vascular
changes in adulthood: insights into the
Cardiovascular Risk in Young Finns
Study. Int J Obes (Lond) 2005: 29
(Suppl. 2): S101-S104.

Rizzo NS, Ruiz JR, Oja L, Veidebaum T,
Sjostrom M. Associations between
physical activity, body fat, and insulin
resistance (homeostasis model
assessment) in adolescents: the
European Youth Heart Study. Am J
Clin Nutr 2008: 87 (3): 586-592.

Ruiz JR, Ortega FB, Martinez-Gémez D,
Labayen I, Moreno LA, De
Bourdeaudhuij I, Manios Y,
Gonzalez-Gross M, Mauro B, Molnar
D, Widhalm K, Marcos A, Beghin L,
Castillo MJ, Sjostrom M; HELENA
Study Group. Objectively measured
physical activity and sedentary time in
European adolescents: the HELENA
study. Am J Epidemiol 2011: 174 (2):
173-184.

Ruiz JR, Ortega FB, Rizzo NS, Villa I,
Hurtig-Wennlof A, Oja L, Sjostrom M.
High cardiovascular fitness is
associated with low metabolic risk
score in children: the European Youth
Heart Study. Pediatr Res 2007: 61 (3):
350-355.

Slaughter MH, Lohman TG, Boileau RA,
Horswill CA, Stillman RJ, Van Loan
MD, Bemben DA. Skinfold equations
for estimation of body fatness in
children and youth. Hum Biol 1988: 60
(5): 709-723.

Smith S, Voute J, Fuster V. Principles for
national and regional guidelines on
cardiovascular disease prevention. Nat
Clin Pract Cardiovasc Med 2006: 3 (9):
461.

Tanner JM, Whitehouse RH. Clinical
longitudinal standards for height,
weight, height velocity, weight velocity,
and stages of puberty. Arch Dis Child
1976: 51 (3): 170-179.

Vereecken CA, Covents M, Matthys C,
Maes L. Young adolescents’ nutrition
assessment on computer (YANA-C).
Eur J Clin Nutr 2005: 59 (5):

658-667.

Vereecken CA, Covents M,

Sichert-Hellert W, Alvira JM, Le
Donne C, De Henauw S, De Vriendt T,
Phillipp MK, Beghin L, Manios Y,
Hallstrom L, Poortvliet E, Matthys C,
Plada M, Nagy E, Moreno LA.
Development and evaluation of a
self-administered computerized 24-h
dietary recall method for adolescents in
Europe. Int J Obes (Lond) 2008: 32
(Suppl. 5): S26-S34.

VIG. De actieve voedingsdriehoek: een

praktische voedings- en beweeggids
(The active food triangle: a practical
guide to diet and physical activity).
Brussels: Vlaams Instituut voor
Gezondheidspromotie (VIG), 2006.

Vyncke K, Cruz-Fernandez E,

Faj6-Pascual M, Cuenca-Garcia M, De
Keyzer W, Gonzalez-Gross M, A
Moreno LA, Beghin L, Breidenassel C,
Kersting M, Albers U, Diethelm K,
Mouratidou T, Grammatikaki E, De
Vriendt T, Marcos A, Bammann K,
Bornhorst C, Leclercq C, Manios Y,
Dallongeville J, Vereecken C, Maes L,
Gwozdz W, Van Winckel M, Gottrand
F, Sjostrom M, Diaz LE, Geelen A,
Hallstrom L, Widhalm K, Kafatos A,
Molnar D, De Henauw S, Huybrechts I.
Validation of the Diet Quality Index for
Adolescents (DQI-A) by comparison
with biomarkers, nutrient and food
intakes: the HELENA study. Br J Nutr
2012. doi:10.1017/S0007114512
00414X. In press.

WHO. Diet, nutrition and the prevention of

chronic diseases. World Health Organ
Tech Rep Ser 2003: 916: i—viii, 1-149.

WHO. Global recommendations on

physical activity for health. Geneva,
Switzerland: World Health Organ
Publications, 2010.

Wyszynski DF, Waterworth DM, Barter

PJ, Cohen J, Kesaniemi YA, Mahley
RW, McPherson R, Waeber G, Bersot
TP, Sharma SS, Nolan V, Middleton
LT, Sundseth SS, Farrer LA, Mooser
V, Grundy SM. Relation between
atherogenic dyslipidemia and the Adult
Treatment Program-III definition of
metabolic syndrome (Genetic
Epidemiology of Metabolic Syndrome
Project). Am J Cardiol 2005: 95 (2):
194-198.

Zheng L, Sun Z, Li J, Zhang R, Zhang X,

Liu S, Xu C, Hu D, Sun Y. Pulse
pressure and mean arterial pressure in
relation to ischemic stroke among
patients with uncontrolled hypertension
in rural areas of China. Stroke 2008: 39
(7): 1932-1937.

Zimmet P, Alberti G, Kaufman F, Tajima

N, Silink M, Arslanian S, Wong G,
Bennett P, Shaw J, Caprio S. The
metabolic syndrome in children and
adolescents. Lancet 2007: 369 (9579):
2059-2061.



2. Clustering of multiple lifestyle behaviours and health
[Agrupacién de multiple factores ligados al estilo de vida y salud]

Study II [Articulo II]

103






e
Active Screenfat
gender Healthy body

health-relatedanalyses Study I
homework MVPA

Z-ScoreviewingPatiemns
foodaerobic
“““““eodlfferent IUSt

imhigher, Clusterlngage

t also circumference percentage
s adentar
presented

unhealthy foundo assessment g™  kappa

pnysical %!gg:e?g;ger

user | @ activitie evo e |ndex
testsamp|Ed |Ifest |e Ic'ast

data group

- Screen behawou I, Showed

differences
associated
F-dietary=s i
playing shuttie
rehablllty bo Srjsrgglrch DOI|dentmed

Sdolescents

“SanenSIENGth healthy

s oS analysis
self-reported Capaclty Observyed labelled

HELENA
tests fltnessld%
performed values ™
S u y calculated Qased
Inforrmation
used Cluster able |r|scateqorv hand
television nhea|thy .W%léropean respectively

behaviours
«tityfime

hlgh run

105






CLUSTERING OF MULTIPLE LIFESTYLE BEHAVIOURS AND HEALTH-
RELATED FITNESS IN EUROPEAN ADOLESCENTS.

M. Cuenca-Garcia™?, I. Huybrechts?, JR. Ruiz**, FB. Ortega®**, C. Ottevaere?, M.Gonzélez-
Gross®, LA. Moreno®, G.Vicente-Rodriguez®, D. Molnér’, A. Polito®, Y. Manios®, M. Plada'®, J.
Vanhelst™*?, K. Widhalm®®, M. Sjéstrom®, M. Kersting* & MJ. Castillo*, on behalf of the
HELENA study group*

'Department of Medical Physiology, School of Medicine, Granada University, Granada, Spain.
Department of Public Health, Ghent University, Ghent, Belgium. *Department of Physical
Education and Sport, School of Sport Sciences, Granada University, Granada, Spain. *Unit for
Preventive Nutrition, Department of Biosciences and Nutrition, Karolinska Institutet, Huddinge,
Sweden. *ImFINE Research Group. Department of Health and Human Performance, Faculty of
Physical Activity and Sport Sciences-INEF, Technical University of Madrid, Spain. *GENUD
(Growth, Exercise, Nutrition and Development) research Group, Escuela Universitaria de
Ciencias de la Salud, Zaragoza University, Zaragoza, Spain.’Department of Pediatrics, Pécs
University, Pécs, Hungary.®National Research Institute for Food and Nutrition, Rome, Italy.
Department of Nutrition and Dietetics, Harokopio University, Athens, Greece.”® Preventive
Medicine and Nutrition Clinic, Crete University, Heraklion, Crete, Greece.Inserm U995,
University Lille2, Lille, France."” CIC-9301-CHRU-INSERM, University hospital, Lille,
France."*Department of Pediatrics, School of Medicine. Vienna University, Austria. **Research
Institute of Child Nutrition Dortmund, Rheinische Friedrich-Wilhelms-Universitat Bonn,

Germany.

Correspondence: Magdalena Cuenca Garcia, Department of Medical Physiology, School of
Medicine, Granada University. Avenida Madrid 12, 18012 Granada (Spain). Telephone: +34
958 243540. Fax: +34 958 246179. E-mail: mmcuenca@ugr.es

NOTE: Accepted in J Nutr Educ Behav (Please, see email from the journal in the reverse).


mailto:mmcuenca@ugr.es

Email from Karen Chapman-Novakofski
Editor in Chief
Journal of Nutrition Education and Behavior

Letter Purpose: Editor Decision = Accept
Subject: Decision Letter from JNEB

Ms. Ref. No.: JNEB-D-12-00260R3

Title: CLUSTERING OF MULTIPLE LIFESTYLE BEHAVIOURS AND HEALTH-
RELATED FITNESS IN EUROPEAN ADOLESCENTS

Journal of Nutrition Education and Behavior

Dear Mrs. Cuenca-Garcia,

I am writing in reference to your Research Article, "CLUSTERING OF MULTIPLE
LIFESTYLE BEHAVIOURS AND HEALTH-RELATED FITNESS IN EUROPEAN
ADOLESCENTS," which was submitted to the Journal of Nutrition Education and Behavior
(JNEB). I am pleased to inform you that it has been accepted for publication. It will be
forwarded to the publisher, as is, for production. Once it is typeset, you will receive a copy from
the publisher with request for corrections as needed. In addition, you will be receiving a short
survey on the submission and publishing process with JNEB, we would appreciate your
feedback on this we can better serve our authors.

JNEB employs a rolling submission system. For this reason, you will not be provided with a
targeted publication date before the manuscript's selection for a specific issue. However, please
be assured that we will work toward the timeliest publication possible.

JNEB is the official publication of the Society for Nutrition Education (SNE). If you are not a
member of SNE and would like to learn more about the benefits of membership, please visit

WwWw.Sne.org.

Thank you for authoring this Research Article for the Journal of Nutrition Education and
Behavior. We look forward to sharing this article with our readers.

Sincerely,
Karen Chapman-Novakofski, PhD, RD, LD

Editor in Chief
Journal of Nutrition Education and Behavior


http://www.sne.org/

Abstract

Objective: To explore the clustering of different lifestyle behaviours and whether this clustering
differs by gender, age and health-related fitness.

Design: HELENA cross-sectional study.
Setting: Ten European cities.
Participant: 2,084 adolescents aged 12.5-17.5 years.

Main outcome Measures: Four lifestyle behaviours were assessed by self-administered
guestionnaires: moderate-vigorous physical activity, two sedentary behaviours (homework and
screen viewing) and diet. Health-related fitness components were assessed by the 20m shuttle
run test (aerobic capacity), the handgrip strength and standing broad jump tests (muscular

strength), the shuttle run 4x10m test (speed-agility) and anthropometry (body composition).

Analysis: A combination of hierarchical method and K-means cluster analysis. Chi-square and
ANOVA tests.

Results: Five clusters were identified: ‘Healthy diet & Active’, ‘Healthy diet & Academic’,
‘Healthy diet & Inactive’, ‘Unhealthy diet & Screen users’, ‘Unhealthy diet & Active’. Younger
adolescents were more active and followed a healthier diet than older adolescents. Older boys
devoted more time to screen use, while older girls devoted more time to homework. Boys in the
‘“‘Healthy diet & Active’’ cluster presented higher aerobic capacity, while girls presented higher
aerobic capacity, strength and speed-agility. No differences by clusters were found in body

composition

Conclusions and Implications: Clustering of different lifestyle behaviours is observed. Different
healthy lifestyles do not always come together and clusters are associated with gender, age and
health-related fitness, but not with body composition. These differences need to be considered

when developing intervention strategies for prevention of unhealthy habits.

Keywords: Physical activity, homework time, screen time, healthy diet, HELENA Study



Introduction

The prevalence of negative behaviours (e.g., low physical activity, sedentarism and inadequate
nutritional intake) among adolescents has increased over the past few decades “*. While the
promotion of healthy behaviours among adolescents is essential, there is a need to better
understand how different lifestyle choices cluster in adolescence. In fact, unhealthy and healthy
behaviours seem to coexist but this clustering differs between genders and across ages, and may

affect health markers in adolescents.

It is well established that physical fitness is a health marker both during adolescence® and later
in adulthood”, and that higher levels of fitness are associated with many positive health-related
outcomes (e.g., improved cardiovascular disease profile)®. A number of factors such a physical
activity, sedentary behaviours and dietary habits are independently and strongly associated with
physical fitness. For example, regular participation in moderate-vigorous physical activity
(MVPA\) is associated with higher fitness®, while sedentary behaviour (e.g., television viewing
or video playing) is positively related to adiposity and other metabolic cardiovascular disease
risk factors®”. The consumption of healthy food groups has been associated with higher
cardiorespiratory fitness in adolescents® and diet indexes, as a measure of overall healthy diet,
has been also related to health outcome®.

To date, most studies in young people have focused on the importance of independent lifestyle
behaviours, despite the fact that research suggests the coexistence (i.e., clustering) of different
behaviours. Previous studies have focused on describing the clusters based on physical activity

and sedentary time, physical activity and dietary behaviour*?

or sedentary behaviour and
food habits'®. Other studies have addressed the clustering of physical activity, sedentary
behaviour and dietary intake'* or dietary behaviours*>®. While there is some evidence that the
clustering of lifestyle behaviours differs between genders'® '?*1° the research on the clustering
of behaviours and their combined effect on health-related fitness is inconsistent (e.g., body

104L 1518 or Jimited (e.g., aerobic capacity)®. Inclusion of other components of

composition)
health-related fitness such as muscular strength and speed-agility has been identified as a gap in
the existing research evidence. On the other hand, while the clustering of physical activity,
sedentary time and dietary patterns and its relationship with gender, age and socioeconomic
status in European adolescents has been studied™, different types of sedentary behaviours (i.e.,
homework time vs. screen time) have not been studied separately; which is of importance

because screen viewing is positively associated with unhealthy diet in adolescents™.

The aims of the present study were to identify the clustering of four different lifestyle
behaviours: 1) MVPA time, 2) homework time, 3) screen time, and 4) dietary behaviour; and to

assess Whether this clustering differs by gender, age and health-related fitness in European



adolescents. The present study adds (i) the use of different types of sedentary behaviours
separately and a diet quality index, as a measure of an overall healthy diet, to identify lifestyle
patterns and (ii) the association of the identified clustering with the different health-related
fitness components (i.e. aerobic capacity, muscular strength, speed-agility and body

composition) in a relatively large sample of adolescents from nine European countries.

Methods
Study design

Data were derived from the HELENA-CSS (Healthy Lifestyle in Europe by Nutrition in
Adolescence-Cross Sectional Study), which is a multi-center study aiming to obtain reliable and
comparable data on nutrition and health-related parameters. A total of 3,528 adolescents (age
range 12.5-17.5) were assessed at schools between 2006-2007 in 10 European cities from nine
countries, all fulfilling the general HELENA-CSS inclusion criteria’®. Details on sampling
procedures and study design have been reported elsewhere™. The study was approved by the
Ethical Committee of each city involved®. Written informed consent was obtained from both

the adolescents and their parents.

Measurements
Physical activity assessment

Physical activity was assessed with the self-reported International Physical Activity
Questionnaire for Adolescents (IPAQ-A) for at least seven days. Data from questionnaires and
accelerometers were correlated for the whole study sample and then stratified by gender and age
category (r(s) <0.26)*'. Activities were afterwards classified into light (i.e. walking), moderate
and vigorous intensity according to the guidelines for data processing and analyses of IPAQ?.
For the cluster analyses, the total time spent in moderate and vigorous activity were summed
and truncated in order to avoid overestimations®®. Briefly, physical activity data were truncated
below 10 minutes and above 3 hours in each intensity (light, moderate and vigorous) and
domain of physical activity (school-related physical activity including activity during physical

education classes and breaks, transportation, housework and activities during leisure time).
Sedentary behaviour assessment

Habitual sedentary time was estimated by the self-reported HELENA sedentary behaviour
questionnaire®. The reliability of the scores in this questionnaire has been previously evaluated
in a subset of 183 adolescents from the HELENA study (Cohen's kappa reliability coefficients

>0.7)%. HELENA sedentary behaviour questionnaire includes questions on daily minutes of the
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following sedentary items: television viewing, playing with computer games, playing with
console games, use of internet for non-study reasons, use of internet for study, and
studying/homework (lessons not included). For the cluster analyses, time devoted to screen
viewing was calculated by summing the time spent in television viewing, playing computer or
console games and using internet for non-study reasons. Whereas the time devoted to
homework, was calculated by summing the time spent studying or doing homework and the use

of internet for study reasons.
Dietary intake assessment

The dietary intake assessment was performed by a computer-based tool for self-reported 24h
recalls, HELENA-DIAT (Dietary Assessment Tool), on 2 non-consecutive days. YANA-C, a
former version of the HELENA-DIAT, showed good agreement with an interviewer-
administered YANA-C interview (Cohen's kappa values= 0.8-0.92 and 0.38-0.90,
respectively)®®. The HELENA-DIAT tool has been indicated as a good method to collect
detailed dietary information from adolescents®’. Dietary intake applied to the day before the
administration of the test and was divided in six meal occasions. Adolescents completed the
program individually in the computer classroom during school time. Fieldworkers were present

to give assistance if necessary?’.

The diet quality index (DQI) was developed using the data derived from the HELENA-DIAT
and was calculated based on the DQI in preschool by Huybrechts et al.”®. The index for
adolescents consists of four pillars based on the principles of a healthy diet®; dietary
equilibrium, dietary diversity, dietary quality and a meal index. Dietary equilibrium results from
the difference between the dietary adequacy score (the percentage of the minimum
recommended intake for each of the main food groups) and the dietary moderate score
(expressing the percentage of intake exceeding the upper level of recommendation). Dietary
diversity expresses the degree of variation in the diet (when at least one serving of food per day
from each of the eight recommended food groups is consumed). Dietary quality components
represent the optimal food quality choice within a food group. Finally, the meal index reflects
the frequency of consumption of meals (which should ideally include at least three main
courses, as breakfast, lunch or dinner). To compute the overall DQI for adolescents with Meal
index, the score is calculated as the mean of the four above mentioned pillars and ranges from -
25 to 100%, with a higher score indicating a higher quality of their diet (complying better with
the food based dietary guidelines). More detailed information on the technical aspects of the

DQI-concept is described elsewhere® %,



Health-related fitness assessment

Health-related fitness was assessed by the following components: aerobic capacity, muscular
strength, speed-agility and body composition. Briefly, aerobic capacity was assessed by the 20m
shuttle run test; upper-body muscular strength by the handgrip strength test; lower-body
muscular strength by the standing broad jump test; speed-agility by the 4x10m shuttle run test;
and body composition by percentages of body fat and fat free mass (using skinfold thicknesses)
and waist circumference. The inclusion of body composition as a component of health-related

fitness was completed following the recommendations of Pate et al.>".

Handgrip strength, standing broad jump and 4x10m shuttle run tests were performed twice and
the best score was retained, while the 20m shuttle run test was performed only once and the
final score was computed as the number of stages completed (precision of 0.5 stages). Reference
values for European adolescents, based on the HELENA study, have previously been
published®. Body composition measures were carried out under standardized conditions® the
mean of three measurements was calculated. Briefly, skinfold thicknesses (triceps and
subscapular) were measured with a Holtain calliper to the nearest 0.2mm and body fat and fat
free mass were calculated using Slaughter’s equations®. Waist circumference was also

measured with a non-elastic tape (Seca 200) to the nearest 0.1 cm.

It has previously been shown that the results of these tests are valid® and reliable®®. The Bland-
Altman plots graphically showed the reliability patterns, in terms of systematic errors (bias) and
random error (95% limits of agreement), of the 20m shuttle run, handgrip strength, standing
broad jump and 4x10m shuttle run tests performed twice, 2 weeks apart, by the same
researchers. The observed systematic error for these tests was nearly 0. The reliability values of
skinfold and waist circumference were examined via intra- and inter-observer errors®. Intra-
and inter-observer reliability values were greater than 95% for both skinfold and waits

circumference.

Statistical analyses

Participants with complete and valid IPAQ-A and HELENA sedentary behaviour questionnaires
and HELENA-DIAT information for at least two days were included. Heraklion and Pecs study
centers were not included in the present study because incomplete information was obtained
from the 24h dietary recalls. The final sample for the present study was 2,084 cases (54% girls)
and the younger age category (12.5-14.9 years of age) included 57% of the cases. Cluster
analyses were performed on this sample of 2,084 participants, while analyses on the

associations between clusters and health-related fitness were performed on 83% of this sample,



since physical fitness tests were not performed in the entire HELENA study sample due to

different reasons (Table 1)*.

Four lifestyle behaviours were used in cluster analysis: 1) MVPA time; two sedentary
behaviours: 2) homework time and 3) screen time and 4) dietary behaviour (assessed by the
DQI). Before clustering, the correlations among the different lifestyle behaviours were studied
by Pearson’s correlation. Then, the variables used in cluster analysis were transformed into
standardized scores (z-scores) to provide a common range since they had different units and
arithmetic scales; thus all variables were entered into the cluster model as continuous
comparable variables. A combination of hierarchical method and k-means cluster analysis was
used to identify clusters with similar lifestyle behaviours®’. Different steps were undertaken: 1)
hierarchical cluster analysis based on squared Euclidian distances was used to identify cluster
numbers and to provide this necessary information for the next analysis (K-means cluster
analysis). 2) k-means cluster analysis was used to obtain the final cluster solution, including the
number of clusters obtained by the hierarchical cluster analysis. 3) Possible instability of the
cluster solution was tested, the solution was re-examined on a random sample of 50% of the
total sample. Additionally, Cohen's kappa was used to measure the degree of agreement (i.e.,
stability) of the classification of subjects using data from the entire sample and then just from
the subsamples. The different clusters were labelled based on the behaviours patterns.
Differences among each cluster on all behaviour indices were estimated using ANOVA post hoc

Bonferroni test.

Cluster differences according to gender and age category (younger=12.5-14.99 years vs.
older=15.0-17.5 years) were analysed by chi-square tests. After stratifying the study population
for gender, associations between the identified clusters and the main components of health-
related fitness were investigated by ANOVA and a post hoc Bonferroni test. Partial > were
calculated as a measure of effect size. Data of 20m shuttle run, handgrip strength, standing
broad jump and 4x10m shuttle run tests were transformed into standardized z-score, after
splitting for gender and lyear age groups. For percentages of body fat and fat free mass and
waist circumference, analyses were controlled by age and height®®. All analyses were performed
using the statistical soft-ware PASW for Windows version 18 (PASW Inc., Chicago, IL, USA)

and significance was set at P<0.05.

Results
Participant characteristics

Characteristics of the study population are presented in Table 1. The mean age of the

participants was 14.8 (1.2) years. Boys spent more time on MVPA and screen viewing but less



time on educational sedentary activities (homework) than girls. Girls showed higher DQI
scores, which means healthier diet, compared with boys. Boys presented higher values in all
health-related fitness tests than girls, except for percentage of body fat (Tablel).

Description of the clusters

Pearson’s correlations among the four behaviour patterns were low (all r <0.27; see Table 2). A
higher correlation was found between DQI and sedentary time devoted to screen viewing. Based
on the four behaviours (MVPA time, homework time, screen time and dietary behaviour) a five-
cluster solution was reported because it seemed the most adequate and reliable representation of
this study population. The stability of this cluster solution was tested by repeating the procedure
on a random sample of 50% of the total sample and excellent concordance was found (Cohen's
kappa values=0.96 for one subsample and kappa values=0.99 for the second subsample). The
different clusters were labelled based on their characteristics and were identified by low,
medium and high z-score values. According to these criteria each cluster was described based
on the z-score values, in which z-score values < -0.5 are considered low, between -0.5 and 0.5
medium, and >0.5 high. Participants were considered as: low, medium or high MVPA time,
homework time and screen time and DQI. Figure 1 presents the five clusters derived from the
analysis of behaviour patterns (z-score means). Five subgroups emerged from the cluster
analysis. Cluster 1 (n=313) was labelled ‘Healthy diet & Active’ because of the high z-score on
DQI and MVPA, but also presenting medium and low z-scores on sedentary behaviours,
homework and screen viewing, respectively. Cluster 2 (n=384, labelled ‘Healthy diet &
Academic’) presented high z-scores on DQI and sedentary time devoted to homework, but
medium z-score on sedentary time devoted to screen viewing and MVPA. Cluster 3 (n=801)
was labelled ‘Healthy diet & Inactive’ because of the medium z-score on DQI, but with medium
z-score on both sedentary behaviours and low in MVPA. Cluster 4 (n=350, ‘Unhealthy diet &
Screen users’) was characterised by a low z-score on DQI, but also presenting high z-score on
the sedentary time devoted to screen viewing plus medium z-score on MVPA and sedentary
time devoted to homework. Finally, cluster 5 (n=236) was labelled ‘Unhealthy diet & Active’
because of the low z-score on DQI, but with high z-score on time spent in MVPA and medium
on both sedentary behaviours. The ‘Healthy diet & Active’ cluster included 15% of the
adolescents, while 17% of the adolescents were clustering in ‘Unhealthy diet & Screen user’.
Mean absolute values of the lifestyle behaviours by cluster solution are presented in Table 3.
Mean absolute values for MVVPA, homework time, screen time and DQI score were statistically
different among clusters (P-values <0.001; Partial n°-values >0.38). Skewness and kurtosis

values for each variable for each cluster were deviated little from normality (data not shown).



Cluster group characteristics

Table 4 shows the relations between the clusters and gender, age category and health-related
fitness. Boys were more active than girls (cluster 1 and 5 vs. 2, 3 and 4; P <0.001). Younger
adolescents were more active and followed healthier diet than older adolescents (cluster 1 and 5;
P <0.001). Older boys devoted more time to screen use (cluster 4), while older girls devoted
more time to homework (cluster 2) (P <0.001). A relatively equal distribution of gender or age

groups of adolescents was found in the other groups.

Relationships between clusters and health-related fitness were observed in both boys and girls
(Table 4). Boys in the ‘Healthy diet & Active’ group had higher aerobic capacity and speed-
agility (P <0.001, Partial n° =0.055 and P =0.012, Partial > =0.012; respectively) but no
differences by clusters were found in muscular strength and body composition. While the girls
in the same group had a higher aerobic capacity, muscular strength and speed-agility (P-values

<0.001; Partial n°-values <0.33) no differences by clusters were observed in body composition.

Post hoc tests revealed that boys in the ‘Healthy diet & Active’ group presented better aerobic
capacity than their peers in the rest of the clusters (clusters 2-5) and better speed-agility than
boys in the ‘Unhealthy & Screen users’ group (P-values <0.05). In addition, boys in the
‘Unhealthy & Screen users’ group showed the worst aerobic capacity compared with the rest of
the groups (P-values <0.05) (Table 4). On the other hand, girls in the ‘Healthy diet & Active’
group presented better aerobic capacity, muscular strength and speed-agility than their peers in
the ‘Healthy diet & Academic’, ‘Healthy diet & Inactive’ and ‘Unhealthy & Screen user’ groups
(P-values <0.05). Also, girls from ‘Unhealthy & Screen user’ group showed worse lower-body
muscular strength and speed-agility than their peers from the ‘Unhealthy diet & Active’ group
(P-values <0.05). Statistically significant differences on aerobic capacity were found between
more active adolescents (cluster 1 and 5), despite of equal z-score on MVPA (the higher) and
unequal z-score on DQI (high vs. low z-score; cluster 1 and 5, respectively) (Table 4) (P <0.05).
Additional analysis to study the difference by clusters of lifestyle behaviours and

socioeconomic status was performed and no differences were observed (data not shown).

Discussion

The main aim of the present study was to examine clustering of lifestyle behaviours in
adolescents. Results showed that healthy lifestyles do not always come together and differ by
genders and age groups. In addition, clusters are associated with fitness related health markers
in young people**, like aerobic capacity in both genders and muscular strength and speed-
agility in females. This finding is informative and should be taken into account when designing

health promotion strategies in adolescents.
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The ‘Healthy diet & Active’ and ‘Healthy diet & Academic’ groups were representing 15% and
19% of the adolescents, respectively. Both clusters may represent the
most appropriate behaviour patterns, that is, better dietary pattern, lower time devoted to
unfavorable sedentary activities and medium-to-high physical activity level®*. On the other
hand, 17% of the adolescents were clustering in the group ‘Unhealthy diet & Screen user’,
which presented the least healthy dietary patterns and the lowest physical activity. This
clustering of behaviours revealed that multiple lifestyle factors often coexist, which is in line

11, 15

with previous studies among young people™ =, and can be useful in designing intervention

strategies to change unhealthy behaviours, as well as prevention of diseases associated with

unhealthy lifestyles in adolescents® ® “°.

Screen viewing (television, videos and computers) and homework have been identified as the
most prevalent sedentary behaviours after school hours™. In addition, engagement in physical
activity does not appear to displace time spent doing homework in adolescents*’. On the other
hand, it has been shown that subjects who spend more time in watching television are less likely
to follow a healthy diet*® Y7: while those adolescents who devote more time on educational
sedentary activities have a healthier diet™. Thus, in the present study, sedentary behaviours were
studied separately and the findings confirm those previously observed®® *> ' **, The present
findings confirm, first, that not all sedentary behaviours are associated with unhealthy diet and,
second, that time devoted to homework was also compatible with the practice of physical

activity.

Unequal distributions of boys and girls in clustering were observed. Boys seemed to be more
active but girls had a better dietary pattern, which is in agreement with a previous study
performed in children aged 10™ and in adolescents aged 11 to 12'% *°. In addition, boys devoted
more time to screen viewing, while girls devoted more time to homework, which is comparable
to previous findings® **. For example, Atkin et al.** showed that boys spent more time watching
television and playing computer and console games; while girls spent more time studying and in
non-study internet use. On the other hand, a statistically significant association was also
observed between cluster and age category. Younger adolescents were more active and followed
the healthiest diet; which has also been observed in other studies among European adolescents™*
4243 Adolescence is a crucial period in life, because the adolescents begin to take decisions
regarding their lifestyle while at younger ages they are more influenced by their parents’
decisions. Therefore, these different lifestyle behaviours might be explained by differences in
independency between children and adolescents'®. Thus, intervention strategies should mainly

focus on the older adolescents due to the higher tendency of unhealthy lifestyle.

More active boys and girls with better dietary patterns (Cluster 1) had a better aerobic capacity,

which confirms findings previously observed by Sabbe et al.®. Consistent with previous

11



research, physical activity® and more especially MVPA®, seems to be an important factor in
improving physical fitness. On the other hand, more active adolescents but with unfavorable
DQI showed lower fitness than those with equal activity level but favorable DQI (cluster 1 vs.
5). This finding supports the hypothesis that the combined effect of MVVPA and healthy diet can
improve the health-related fitness rather than each factor individually.

The present study has some limitations. Recording data for physical activity, sedentary
behaviours and dietary intake were derived from self-reported questionnaires. Despite of the
disadvantages of subjective methods, all aforementioned measurement questionnaires have
previously been pilot tested and validated® % ?’. An important strength of this study is the
availability of different sedentary behaviours, which is still underexplored in European
adolescents. Other important strengths are the large sample size of the HELENA study and the
highly standardized procedures that were used, particularly for physical fitness assessment,
which is a major outcome in this study. The HELENA-CSS group has recently carried out a
number of systematic reviews and methodological studies in order to evaluate the validity and
reliability score of the fitness tests in young people* **3*3% 4 As a result of these investigations

the tests used in this study provide a good measure of physical fitness in adolescents.

In conclusion, clustering of different lifestyle behaviours is observed in European adolescents.
Healthy lifestyles do not always come together and the behaviour patterns are associated with

gender, age and health-related fitness.

Implication for research and practice

It seemed that healthy lifestyles do not always come together and that behaviour patterns differ
among age and genders. This finding is of interest because it will assist in designing more
effective health promotion strategies in adolescents. In addition, this study allows health
professionals to understand how the clustering of behaviours affects health indicators and
outcomes as this study has shown (1) that the combined effect of physical activity and a healthy
diet can improve the physical fitness (which is a physiological health indicator) and (2) that
healthy behaviours may reduce the adverse consequences of another unhealthy behaviour when

they are grouped together.
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Table 1. Descriptive characteristics of the HELENA study sample and stratified by sex

Age (years)

Moderate-vigorous physical activity (min/day)
Sedentary time devoted to homework (min/day)
Sedentary time devoted to screen use (min/day)
Diet Quality Index (%)

20m Shuttle run (stage)

Handgrip strength (kg) *

Handgrip strength (kg/w) *

Standing broad jump (cm)

Shuttle run 4x10m (seg)

Body fat (%)

Fat free mass (%)

Waist circumference (cm)

All Boys Girls

N Mean SD N Mean SD N Mean SD
2084 14.8 1.2 951 14.8 13 1133 14.7 1.2
2084 102.0 81.1 951 116.1 87.3 1133 90.2 73.5
2084 95.2 77.2 951 83.2 73.2 1133 105.2 79.1
2084 255.3 161.8 951 285.2 168.0 1143 230.1 152.1
2084 62.9 13.8 961 60.7 145 1143 64.8 12.9
1734 5.2 2.6 810 6.6 2.6 924 3.9 19
1996 30.9 8.7 920 36.2 9.2 1076 26.4 4.8
1996 0.5 0.1 920 0.6 0.1 1076 0.5 0.1
1974 163.9 34.2 909 184.7 30.5 1065 146.2 26.3
1734 11.0 1.3 810 11.3 13 924 10.0 0.9
2057 23.4 9.1 921 20.2 10.4 1136 26.0 7.0
2057 76.6 9.1 921 79.8 104 1136 74.0 7.0
2083 72.0 8.9 946 74.2 9.7 1137 70.2 7.8

*Mean handgrip right and left. SD, standard deviation
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Table 2: Pearson’s correlations (r) among four lifestyle behaviours, namely diet quality, sedentary time devoted to homework, sedentary time devoted to screen use
and physical activity in European adolescents

Sedentary time devoted Sedentary time devoted Moderate-vigorous

to homework to screen use physical activity

r P r P r P
Diet Quality Index 0.141 <0.001 -0.265 <0.001 -0.064  0.003
Sedentary time devoted to homework 0.012 0.137 0.000 0.996
Sedentary time devoted to screen use -0.037  0.087
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Table 3: Mean absolute values of behaviour patterns included in the cluster analysis in European adolescents

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Cluster Healthy diet Healthy diet Healthy diet Unhealthy diet Unhealthy diet F P Partial
& Active & Academic & Inactive & Screen user & Active n?-value
% (n) 15 (313) 19 (384) 38(801) 17 (350) 11 (236)
Moderate-Vigorous ab ac a b,cd ad
Physical Activity (min/day) 196.1 (58.2) 83.3(64.0) 55.9 (32.5) 63.3 (47.5) 219.8 (65.6) 837.4 <0.001 0.615
Sedentary time devoted a abe ad b cd
to homework (min/day) 72.3(51.9)%  216.7 (60.2) 62.5 (39.7) 70.9 (58.8) 74.1 (55.3) 677.7 <0.001 0.564
Sedentary time devoted 152.8 (86.5)%  242.6 (132.2)° 189.1 (89.6) 480.0 (159.0)°  301.7(148.3)° 4461 <0.001 0.460
to screen use (min/day)
Diet Quality Index (%) 71.0(7.4)*  68.9(10.2)%¢ 66.7 (10.3) "¢ 50.4 (14.6)*° 48.6 (11.4)"°  318.2  <0.001 0.377

Data are means and standard deviations (SD). Analysis of variance (ANOVA). % Common superscripts in the same row indicate a significant difference
(P<0.05). Pairwise comparisons were performed with Bonferroni's adjustment.
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Table 4: Association between lifestyle clusters identified and gender, age and health-related fitness in European adolescents

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Healthy diet Healthy diet ~ Healthy diet Unhealthy diet ~ Unhealthy diet X% F P* Partial

& Active & Academic & Inactive & Screen user & Active n’-value
Gender (%(n))
Boys 17 (161) 13 (124) 33 (316) 21 (204) 15 (146) 88.6 <0.001 -
Girls 13 (152) 23 (259) 43 (485) 13 (146) 8 (91)
Boys
Age (%(n))
Younger (12.5-14.9 years) 21 (117) 14 (74) 30 (163) 19 (104) 16 (86) 23.2 <0.001 -
Older (15-17.5 years) 11 (44) 13 (50) 27 (153) 25 (100) 15 (60)
20m Shuttle run (z-score) 0.49 (0.98)*"“¢ 0.14 (0.93)® 0.15 (0.94)® -0.25 (0.90)**¢ 0.15 (0.94)° 11.7 <0.001 0.055
Handgrip strength (z-score) * 0.21 (0.93) 0.00 (0.95) 0.04 (0.92) 0.06 (1.04) 0.16 (0.91) 1.3 0.268 0.006
Standing broad jump (z-score) 0.22 (0.95) 0.10 (0.96) 0.04 (0.95)  -0.06 (0.91) 0.01 (0.87) 2.1 0.080 0.009
Shuttle run 4x10m (z-score) 0.13 (1.01)° -0.19 (0.93)  -0.07 (0.88)  -0.20 (1.00)° -0.01 (0.95) 3.2 0.012 0.014
Body fat (%) ' 19.1 (0.82) 19.6 (0.92) 20.8 (0.59) 20.7 (0.75) 19.8 (0.88) 0.9 0.457 0.002
Fat free mass (%) ' 80.9 (0.82) 80.4 (0.92) 79.2 (0.59) 79.3 (0.75) 80.2 (0.88) 0.9 0.454 0.002
Waist circumference (cm) ' 73.5 (0.72) 73.1 (0.80) 74.7 (0.51) 74.4 (0.64) 74.4 (0.75) 0.9 0.407 0.009
Girls
Age (%(n))
Younger (12.5-14.9 years) 16 (103) 20 (133) 41 (270) 12 (79) 10 (66) 19.8 <0.001 -
Older (15.0-17.5 years) 10 (49) 26 (126) 44 (215) 14 (67) 5 (25)
20m Shuttle run (z-score) 0.52 (1.03)*"“¢ 0.04 (0.86)®°  0.03 (1.03)® -0.12 (0.90)° 0.05 (0.92)¢ 8.0 <0.001 0.033
Handgrip strength (z-score) ¢ 0.41 (1.06)*"“  0.02 (1.01)* 0.08 (0.94)® 0.04 (0.95)° 0.23 (0.90) 4.7 <0.001 0.017
Standing broad jump (z-score) 0.45 (0.99)*"¢ -0.03 (1.01)* -0.03 (0.94)° -0.19 (0.91)*®  0.23 (1.06)° 10.2 <0.001 0.038
Shuttle run 4x10m (z-score) 0.22 (0.95)*"¢ -0.16 (0.99)®° -0.11 (0.95)" -0.28 (1.07)*®  0.11 (1.02)° 6.2 <0.001 0.023
Body fat (%) ' 24.9 (0.56) 26.5 (0.43) 26.3 (0.32) 25.7 (0.57) 25.2 (0.72) 1.8 0.134 0.009
Fat free mass (%) ' 75.1 (0.56) 735 (0.43) 73.7 (0.32) 74.3 (0.57) 74.8 (0.72) 1.8 0.135 0.009
Waist circumference (cm) ' 68.9 (0.61) 69.9 (0.47) 70.5 (0.34) 70.6 (0.62) 71.1 (0.79) 1.9 0.106 0.008

Data are means and standard error (SE), unless otherwise indicated. “Chi-square tests and analysis of variance for category and continuous variables, respectively.

* Mean handgrip right and left divided by the weight. "After adjusting for age and height. #® “Common superscripts in the same row indicate a significant

difference (P<0.05). Pairwise comparisons were performed with Bonferroni's adjustment.
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Figure 1: Standard z-scores of the final cluster solution according to the behaviour patterns in European adolescents.
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3. Diet, physical activity, body composition and physical fitness
[Dieta, actividad fisica, composicién corporal y condicion fisica]

Studies III-1V [Articulos III-1V]
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Abstract

Objective: To test the hypothesis deduced from an alternative theory, which posits that youths
who engage in vigorous physical activity (PA) develop lean bodies while ingesting relatively
large amounts of energy. For this purpose, we studied the association of both PA and adiposity
with energy intake in adolescents.

Study desing: The study comprised adolescents who participated in one of two cross-sectional
studies: HELENA study (n=1450, mean age=14.6 years) and EYHS (n=321, mean age=15.6
years). PA was measured by accelerometry and energy intake by 24-h recalls. Body
composition was assessed in the HELENA study by two or more of the following methods:
skinfold thickness, bioelectrical impedance analysis, plus dual-energy x-ray absorptiometry or
air-displacement plethysmography in a subsample; in the EYHS, it was assessed by skinfold

thickness.

Results: Body fat percentage (BF%) was inversely associated with energy intake in both studies
and using four different methods (all P<0.006). Fat-free mass was positively associated with
energy intake in the EYHS (P<0.002), whereas no significant association was found in the
HELENA study. Vigorous PA was positively associated with energy intake in the HELENA
study (P<0.05), but not in the EYHS. Overall, results remained unchanged after adjusting for
potential confounding factors, after mutual adjustment among the main exposures (PA and
BF%), and after elimination from the analyses obese participants who might tend to underreport

energy intake.

Conclusion: Results are consistent with the hypothesis that more physically active and leaner

adolescents have higher energy intakes than less active and fatter adolescents.



Introduction

The prevalence of pediatric obesity has increased for decades in much of the world; although a
plateau has been observed in some countries, the prevalence is still high and is a main public
health concern'. Thus it is important to enhance our understanding of the etiology of obesity so
that we can institute effective public health preventive efforts. The classical theory of obesity
posits that the main reason that some young people become fatter than others is because of an
excessively positive energy balance that is mainly driven by relatively high energy intake; this
theory implies that obesity prevention efforts will be most effective if they focus on restriction
of energy intake?. However, restriction of energy intake in young people may make it difficult
to meet the nutritional needs of growth and may also lead to dangerous eating disorders®. This

may help explain why we have had so much difficulty stemming the obesity epidemic.

An alternative theory is that some youths tend to develop a leaner body composition than
others because they participate in more physical activity (PA), especially vigorous PA. One
potential mechanism for such a relationship is that the mechanical stimulation of vigorous PA
can influence immature stem cells to differentiate into bone and muscle cells, rather than into fat
cells. In this formulation, youths who engage in relatively large amounts of vigorous PA will
become relatively lean, even though they may have relatively high levels of energy intake*>. In
thinking about the development of lean and healthy bodies, it is important that we focus on the
balance of fat and lean tissue (i.e., body composition) rather than total body weight; this focus is

consistent with the idea that obesity is defined as excessive fatness* °.

One indirect way to cast light on these alternative theories is to determine the associations
among PA, adiposity and energy intake in free-living youths. This project tested hypotheses
deduced from these two competing theories: (1) the classical theory, which posits that some
youths become fatter than others because they ingest relatively large amounts of energy; and (2)
an alternative theory, which posits that youths who engage in vigorous PA develop lean bodies
while ingesting relatively large amounts of energy. Particularly, we will explore the associations
of PA and adiposity with energy intake. We report these associations in European adolescents
who participated in two independent cross-sectional studies: the Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) study and the Swedish part of the European Youth Heart
Study (EYHS).

Materials and methods
Study design

The HELENA study is a multi-centre study aiming to obtain reliable and comparable data on

nutrition and health-related parameters. Altogether 3 528 adolescents (12.5-17.5 years old) were
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assessed at schools between 2006 and 2007 in 10 European cities’. All procedures involving

human participants were approved by the Ethics Committee of each city involved®.

The EYHS was designed to examine the interactions between personal, environmental,
and lifestyle influences on the risk factors for future cardiovascular diseases. Altogether 1 137
children (8.5-10.5 years old) and adolescents (14.5-16.5 years old) were assessed at schools
between 1998 and 1999 in two regions of Central Sweden (Orebro and southern Stockholm)®.
The study was approved by local ethical committees (Huddinge University Hospital n°. 474/98,
Orebro City Council n°. 690/98). Written informed consent was obtained from both adolescents

and their parents.

For the current study, we selected adolescents from both the HELENA study and the
EYHS with data on objectively measured PA (accelerometry), energy intake and information on
pubertal status (Tanner staging). A total of 1 450 adolescents from the HELENA study (12.5-
17.5 years old) and 321 adolescents from the EYHS (14.5-16.5 years old) met all these criteria

and were therefore included in the analyses.

Energy intake assessment

The HELENA-DIAT (Dietary Assessment Tool) 24-h dietary recall software was used to obtain
dietary intake data'. Dietary intake was divided into six meal occasions and referred to the day
before the interview. Adolescents completed the program autonomously in the computer
classroom during school time assisted by fieldworkers. Participants were asked to fill in the
HELENA-DIAT on arbitrary days, twice in a time-span of 2 weeks. A validation study
indicated that the YANA-C, a former version of the HELENA-DIAT, showed good agreement
with an interviewer-administered YANA-C interview™. The HELENA-DIAT tool has been
indicated as a good method to collect detailed dietary information from adolescents and was

received well by the study participants™.

To calculate energy intake, data from the HELENA-DIAT was linked to the German
Food Code and Nutrient Date Base (BLS (Bundeslebensmittelschliissel), version 11.3.1,
2005))*?. The usual energy intake was estimated by the Multiple Source Method (MSM)

(https://nugo.dife.de/msm/). Energy intake was calculated as kcal of all food (solid and liquid)

and all beverages consumed on the two days recalled. The MSM calculates first dietary intake
for individuals and then constructs the population distribution based on the individual data. This

method takes into account the between and within person variability of the dietary intake data.

In the EHY'S, information about energy intake was obtained from a single interviewer-
mediated 24-h recall. A food atlas with pictures of common foods and meals in various portion

sizes was available during the interview, along with standard household units to help estimate

6


https://nugo.dife.de/msm/

quantities accurately. Data were analysed using software (StorMats, version 4.02; Rudans
Lattdata, Vasteras, Sweden) based on the Swedish Food Agency’s nutritional database (version
99.1; www.slv.se). Energy intake was calculated as kcal of all food (solid and liquid) and
beverages consumed on the day recalled.

Body composition and pubertal status assessment

In the HELENA study, four methods were used to assess body composition: skinfold thickness,
Bioelectrical Impedance Analysis (BIA), air-displacement plethysmography (BodPod) and
Dual-energy X-ray Absorptiometry (DXA). Methods and protocols used have been described

elsewhere®*4,

Inter-method agreement among these four methods has been previously
reported®. Skinfold thickness and BIA were measured in the whole sample, while BodPod
(N=218, adolescents from Stockholm and Zaragoza) and DXA (N= 200, adolescents from
Zaragoza) were measured in two subsamples. In the EYHS, the skinfold thickness method was
used to assess body composition. Body mass index (BMI) was calculated by dividing body
weight (kg) by the square of height (m?), and participants were categorized as obese (>30.0
kg/m2) according to age and gender based cut-off values®. Pubertal status was assessed by an
experienced physician in the HELENA study and by a trained researcher in the EYHS, as

described elsewhere®®.
Skinfold thickness measurement

The triceps and subscapular skinfold thickness were measured three time consecutive times on
the left side of the body to 0.2 mm using a Holtain Caliper (Crymmych, UK) according to

|l7

Lohman's anthropometric standardization reference manual™'. Body fat percentage (BF%) was
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calculated by the equation described by Slaughter et al.”™ and thereafter fat-free mass in

kilograms (kg) was estimated by difference between body weight and fat mass in kg.
Bioelectrical impedance analysis (BIA) measurement

A tetra-polar bioelectrical impedance device (BIA 101 AKERN) was used, and body
composition data were obtained using the Bodygram Software V.1.41 (Akern S.r.l. Bioresearch,
Pontassieve, Italy) for Windows following the protocol described elsewhere'®. Body fat and fat-
free mass (kg) was estimated according to previously published equations™ and thereafter BF%

was calculated.
Air-displacement plethysmography (BodPod) measurement

BodPod (Body Composition System; Life Measurement, Concord, CA; Software V. 2.3) was
used as previously described®. The procedure was repeated twice following the protocol

described elsewhere®. Body density (g/cm?) from the BodPod was calculated. Fat mass (kg) and



BF% were then estimated from the body density obtained through the Siri’s equation®. Fat-free

mass was calculated by difference between body weight and fat mass in kg.
Dual-energy X-ray Absorptiometry (DXA) measurement

A pediatric version of the software QDR-Explorer (Hologic, Software version 12.4, Bedford,
MA) was used in DXA tests. The protocol followed is described elsewhere®. Body fat and lean
mass in kg were obtained and BF% was calculated.

Physical activity assessment

Detailed descriptions of the PA assessment in the HELENA study and the EYHS can be found
elsewhere 2%, Briefly, adolescents were asked to wear an accelerometer (ActiGraph®, GT1M,
Pensacola, CA, USA) for 7 or 4 consecutive days (HELENA and EYHS, respectively) during
all waking hours, except for water-based activities. The time sampling interval (epoch) was set
at 15 or 60 s, for the HELENA study and EYHS, respectively. Accelerometer data were
analyzed centrally in both studies. At least 3 days of recording with a minimum of 8 or 10 hours
of registration per day (HELENA study and EYHS, respectively) were necessary to be included
in the study. In both studies, bouts of >20 min of consecutive zero counts were deleted from the
data. Total PA was expressed as total counts recorded, divided 