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O resumen de Tesis Doctoral

Qué es conocido Qué aporta esta Tesis Doctoral

Existen estudios que muestran relaciones entre capacidad
aerobica y variables lipidicas en adolescentes. Sin
embargo, no tenemos constancia de estudios que
establezcan los niveles minimos de capacidad aerdbica

asociados a un perfil lipidico saludable.

IMC, perimetro de cintura y la ratio cintura/cadera han
sido propuestos como sencillas medidas antropométricas
relacionadas con factores de riesgo metaboélico en nifos y
adolescentes. Sin embargo, algunos estudios han puesto de
manifiesto la falta de precision de estas medidas para
estimar variables lipidico-metabdlicas en poblacion

adolescente.

Determinados polimorfismos en los genes de apolipoproteinas
APOC3 y APOE influencian el perfil lipidico. Sin embargo, no
tenemos constancia de estudios en adolescentes que analicen
posibles interacciones entre dichos polimorfismos genéticos y

condicion fisica aeroébica en relacion al perfil lipidico.

Varios estudios en adolescentes han analizado las relaciones
existentes entre capacidad aerobica, composicion corporal y
parametros indicativos de estado inflamatorio. Sin embargo,
no tenemos constancia de la existencia de estudios que
analicen interacciones entre dichas variables y polimorfismos

genéticos de apolipo-proteinas.

El ejercicio fisico pude tener una influencia favorable
sobre factores de riesgo cardiovascular tales como
diabetes, hypertension, obesidad, dislipidemias, o
disfuncion endotelial. Los mecanismos moleculares de
tales efectos no estan completamente claros, aunque si
se sabe que dichas mejoras pueden ser debidas a
incrementos en la lipolisis, translocacion de GLUT4, o

capacidad antioxidativa.

En la presente Tesis Doctoral se establecen los niveles
minimos de capacidad aerdbica asociados a un perfil
lipidico saludable en adolescentes varones.

En la presente Tesis Doctoral se muestra la utilidad del
pliegue suprailiaco en nifos y de la ratio cintura/cadera
en ninas como sencillas medidas antropométricas
relacionadas con variables lipidico-metabdlicas en
adolescentes.

En la presente Tesis Doctoral analizamos en
adolescentes posibles interacciones entre condicion
fisica aerdbica y polimorfismos en los genes APOC3 vy
APOE en relacion al perfil lipidico.

En la presente Tesis Doctoral mostramos evidencia de
que la produccion de citoquinas en células
mononucleares esta modulada por el polimorfismo Sstl
de APOC3 en adolescentes. También mostramos que
dicha produccion de citoquinas es inversamente
proporcional al riesgo lipidico-metabolico, inde-
pendientemente de la capacidad aerdbica y la masa
corporal.

ANEXO

En la presente Tesis Doctoral planteamos la posibilidad
de que las mejoras metabdlicas (principalmente en la
homeostasis de la glucosa) inducidas por ejercicio fisico
puedan ser mediadas, al menos en parte, por los
incrementos plasmaticos de proteinas Heat Shock y de
interleuquina-6.



PhD Thesis summary box

What is already known on this topic

What this PhD Thesis adds

There are studies showing associations between
physical fitness and lipid variables in adolescents.
However, to our knowledge there are no studies
providing minimal criterion standards of aerobic fitness
in adolescents associated to healthy lipid-related
metabolic variables.

BMI, waist circumference, and waist-to-height ratio
have been proposed as simple anthropometric measures
related to metabolic and cardiovascular risk factors in
children and adolescents. However, there are some
studies casting some doubts about the value of these
measurements to accurately explain the variability of
lipid-related metabolic variables.

Common apolipoprotein variants of APOC3 and APOE genes
influence lipid-related metabolic traits. However, to our
knowledge there are no studies analysing possible interactions
between these genes and physical fitness in relation to lipid-

related metabolic traits in adolescents.

Several studies in adolescents have assessed complex
relationships between fitness, fatness and inflammation.
However, to our knowledge there are no studies in this
population analysing possible interactions with common

apolipoprotein gene variants.

Physical exercise can positively influence classical
cardiovascular risk factors such as diabetes,
hypertension, obesity, dyslipidemias, and endothelial
dysfunction.

The physiological and molecular mechanisms are not
fully understood, although increased lipolysis, GLUT4
translocation, and antioxidant capacity have been
reported with physical exercise.

We set minimal levels of aerobic physical fitness
associated to a favourable lipid profile in male
adolescents.

We demonstrate the usefulness of suprailiac skinfold
thickness in males and waist-to-height ratio in females
as simple anthropometric measurements associated to
an overall lipid-related metabolic risk in adolescents.

We provide genotype-dependent aerobic physical
fitness levels associated to a favourable lipid-related
metabolic profile in adolescents.

We suggest that cytokine production in mitogen-
stimulated peripheral blood mononuclear cells is
modulated by APOC3 Sstl polymorphism and is inversely
related to lipid cardiovascular risk in adolescents,
regardless physical fitness or weight status.

ANNEX

We provide the possibility that exercise may induce
beneficial metabolic effects (mainly in glucose
homeostasis) through acutely and systemically
increased heat shock proteins and interleukin-6.
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resumen general

Introduccién

La enfermedad cardiovascular es la primera causa de muerte en paises desarrollados. Junto
con la enfermedad cardiovascular, la obesidad es uno de los problemas de salud ptblica
mas acuciantes, incluso en paises menos desarrollados. Los problemas de obesidad,
sobrepeso y enfermedades metabdlicas derivados de la obesidad estdn alcanzando una
dimension global durante los ultimos 10 afios. Durante este tiempo, la incidencia de
complicaciones metabdlicas derivadas de 1la obesidad se ha incrementado
considerablemente. Cabe destacar que dicho incremento ha sido mayor en nifios y
adolescentes que en poblacién adulta. Puesto que los procesos etioldgicos ligados a
obesidad desencadenantes de complicaciones metabdlicas comienzan durante Ila
adolescencia, en la presente Tesis Doctoral se han realizado una serie de estudios en

poblacién adolescente, con los siguientes objetivos:

1) Proveer medidas sencillas de condicién fisica y composicién corporal capaces de

estimar un indice global de riesgo lipidico-metabdlico en adolescentes.

2) Analizar interacciones entre variantes genéticas de apoproteinas y condicién fisica

en relacién a variables lipidico-metabdlicas.

Métodos

Para analizar posibles asociaciones entre condicion fisica aerdbica (determinada mediante el
test de Course Navette), medidas antropométricas y variables de riesgo metabdlico, usamos
la poblacion del estudio AVENA (Andlisis y Valoraciéon del Estado Nutricional en
Adolescentes). Esta poblacién consistié en 3000 adolescentes (13-18 afios) de cinco
diferentes areas geograficas de Espafa. Los sujetos completaron los tests de condicion fisica
de la bateria Eurofit, asi como una evaluacién antropométrica completa. Ademds, en 600
sujetos seleccionados aleatoriamente de la muestra principal, se analizé de forma completa

el perfil lipidico.
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Para analizar posibles interacciones entre variantes genéticas de apoproteinas y condicién
fisica en relacién a riesgo metabdlico, usamos la poblacién del estudio AVENA. Las
variables genéticas de apoproteinas fueron seleccionadas en base a estudios publicados

previamente.

Resultados generales

Condicion fisica y medidas antropométricas en relacion a riesgo lipidico-metabdlico

Tanto la condicién fisica aerébica (medida mediante el test de Course Navette) como el
indice de masa corporal se relacionaron con un indice global de perfil lipidico y glucemia en
adolescentes. En adolescentes masculinos se calcularon los niveles minimos de condicién
fisica aerébica asociados a un perfil lipidico saludable. Sélo el 50% de la poblacion
masculina adolescente alcanzé dichos valores de condicién fisica aerébica. Con respecto a
medidas antropométricas, el pliegue suprailiaco en nifios y la ratio abdomen/cadera en
nifias fueron los indices que mas se relacionaron con un indice general de perfil lipidico, por
encima del indice de masa corporal. Estas asociaciones se daban fundamentalmente en
nifios sin sobrepeso, y fueron independientes del estado de condicién fisica de los

adolescentes.

Interacciones entre variables genéticas de apoproteinas y condicion fisica aerdbica en

relacion a variables lipidico-metabdlicas

En funcién de variantes genéticas de apolipoproteinas fueron obtenidas asociaciones entre
la capacidad fisica aerébica y variables lipidico-metabdlicas. Para presentar el mismo indice
de riesgo lipidico-metabdlico, los portadores del alelo S2 del gen APOC3 o del alelo 4 de
APOE (33% de la poblacién analizada) debian tener mayor capacidad aerdbica que los
portadores de los genes APOC3 S1/S1 o APOE £3/e3. Los portadores del alelo S2 de APOC3
presentaron también una disminucién en la liberacidén de IFN-y, IL-10, IL-6, IL-2 y TNF-a de
células mononucleares, que a su vez se vio asociado a un incremento del riesgo de presentar

un elevado riesgo lipidico-metabdlico.
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Conclusiones

Nuestros datos confirmam la importancia de la condicién fisica aerdbica y el control de peso
en relaciéon a variables lipidico-metabdlicas en adolescentes. Ello sugiere que un buen
control sobre la condicion fisica y el peso corporal podria ayudar a prevenir el riesgo
metabdlico en adolescentes, y que dicho control se veria optimizado teniendo en cuenta

variables genéticas de apoproteinas.

Seria de interés que los valores de referencia minimos de condicién fisica aerébica
establecidos en la presente Tesis Doctoral se adoptaran en colegios e instituos espafoles
como valores deseables en la poblacién adolescente. Esto ayudaria a mantener unos
mejores niveles de salud metabdlica, tanto en la propia poblacién adolescente como cuando

ésta se convierta en poblacién adulta.
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general summary

Introduction

Cardiovascular disease is the leading cause of death in developed countries. In addition,
obesity is one of the most blatantly visible, yet most neglected, public-health problems that
threaten to overwhelm both more and less developed countries. The problems of overweight,
obesity, and obesity-related metabolic complications have achieved global recognition only
during the past 10 years. During this time the incidence of obesity- related metabolic
complications has increased considerably. Of note, the increases in the prevalence of both
overweight and obesity have been greater in children and adolescents than in adults over
the same time frame. Since the pathological processes linked to obesity and leading to
further metabolic risk occur during adolescence, in this PhD Thesis a series of studies,

mainly focused on this population, were conducted:

1) Studies aimed at providing simple measures of physical fitness and body

composition associated to metabolic traits in adolescents.

2) Studies aimed at testing whether physical fitness levels were associated with lipid

metabolic traits in an apolipoprotein genotype-dependent fashion.

Methods

To test for associations between physical fitness, anthropometric measures and metabolic
traits, we used the cohort of the AVENA (Analisis y Valoracién del Estado Nutricional en
Adolescentes [Assessment of Nutritional State in Spanish Adolescents]) study. This
population consisted on 3000 adolescents (13-18 yr) from five different geographic areas of
Spain. Individuals completed a complete physical fitness evaluation (using the Eurofit
battery), as well as a complete anthropometric assessment. In addition, a comprehensive

lipid profile was analysed in 600 randomly chosen individuals.
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To test whether physical fitness levels were associated with metabolic traits in an
apolipoprotein genotype-dependent fashion, we used the cross-sectional population of the
AVENA study in Spain. Common genetic variants previously reported to be associated with
metabolic traits were genotyped in our adolescent population from the AVENA study, and
possible interactions with physical fitness and anthropometric measures in relation to lipid-

related metabolic traits were tested.

Main findings

Physical fitness and anthropometric measures in relation to lipid-related metabolic traits

Both aerobic physical fitness (by using the widely used Course Navette [Shuttle Run] test)
and weight status were associated to metabolic traits (a composite index of blood lipids and
glycaemia) in adolescents. Standard aerobic fitness levels associated to healthy lipid profile
were calculated in males. Only 50% of the male population reached the required physical
fitness values associated to a healthy lipid profile. Regarding anthropometric measures, we
found suprailiac skinfold thickness in males and waist-to-height ratio in females as simple
anthropometric measurements associated to an overall lipid-related metabolic risk, mainly

in non-overweight adolescents and regardless their physical fitness status.
Apolipoprotein gene variants and physical fitness in relation to lipid-related metabolic traits

We found genotype-dependent associations between physical fitness and metabolic traits in
adolescents. According to common apolipoprotein genetic variants (APOC3 Sstl
polymorphism and APOE isoforms) we determined the required physical fitness levels
associated to a healthy metabolic profile in adolescents. In addition, carriers of the S2 allele
of APOC3 presented a lower cytokine profile production from peripheral blood mononuclear
cells. This association remained after adjustment for confounding factors (including
physical fitness and weight status). Interestingly, this low cytokine production (mainly

tumour necrosis factor-a and IL-6) was associated to a higher lipid-related metabolic risk.
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Conclusions

Our data suggest that both aerobic fitness and weight management may be necessary for

the prevention of metabolic risk in adolescents.

We also provide, according to common apolipoprotein genetic variants, the minimal
criterion standards of aerobic fitness to present a healthy plasma lipid profile in male
adolescents. This is a new tool which should be adopted by schools as “aerobic fitness
standards” in order to keep a healthy plasma lipid profile and, thus, to prevent metabolic

and cardiovascular risk during adolescence and later in life.

Future studies are warranted to explore the connections between genes, exercise, physical
fitness, body composition and metabolic status to improve the health of both adolescent and

adult populations in the XXI century.
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1 general introduction

general introduction

1.1. Paediatric and adolescent obesity: its coincidence with low physical

activity

Paediatric and adolescent obesity represents an uncontrolled and increasing worldwide
epidemic (Ogden et al., 2002; Ebbeling et al., 2002; Caroli, 2003; Hedley et al., 2004;
Moreno et al., 2005). Further, the increases in the prevalence of both overweight and obesity
have been greater in children and adolescents than in adults over the same time frame.
Even in developing countries, the rates of overweight and obesity are increasing rapidly
(Guillaume & Lissau, 2002). However, the prevalence of paediatric obesity differs a lot
between different studies (Lissau, 1997) and between different countries (Lissau et al.,
2004). Differences in methodology and year of survey may explain some of the differences.
In a recent paper, this problem was overcome by performing the data collection using an
identical survey design in all the participating countries within an already-running
comparative study (Health Behaviour in School Children (HBSC)) (WHO, 2000). The
prevalence of obesity in US children and adolescents has increased dramatically in the last
decades (Ogden et al., 2002). In Europe, there are little representative data about obesity
prevalence in adolescents and the existing ones are not comparable, because different
definitions for obesity were used. However, available results point out that there is also a
dramatic increase in the prevalence of obesity in European adolescents (Moreno et al.,
2001). Overweight and obesity prevalences in the adolescent Spanish population are
increasing (Moreno et al., 2000; 2002). At European level, Spain has one of the highest

adolescent obesity prevalences, and is experiencing alarmingly increasing rates of changes.

Concern about increased levels of childhood and adolescent overweight and obesity and
whether this pattern will continue into adulthood underscores the importance of being
physically active (Sallis et al., 2000). However, studies report a decline in physical activity
levels during adolescence (Frankish et al., 1998; Allison et al., 1999). In addition, Deforche
et al. (2006) demonstrate that overweight and obese adolescents show lower sport

participation and have a less positive attitude toward physical activity. These studies, taken
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1 general introduction

together, underscore the importance of physical activity in the prevention of overweight and

obesity in childhood and adolescence.

This epidemic rise in obesity is a great challenge for public health and for decision makers
in the health system. It highlights the importance of prevention studies and makes it clear
that it is very important to initiate prevention before adulthood, i.e. during childhood or
adolescence. In order to know how to prevent childhood obesity, it is important to know the

risk factors involved.

1.2. Overweight-derived metabolic complications in adolescence

Long-term health complications in overweight children and adolescents include
atherosclerosis and increased rates of cardiovascular diseases and mortality (Mossberg,
1989; Must et al., 1992). In North-America, about 10% of 12- to 19-year olds have total
cholesterol levels exceeding 200 mg/dl (Hickman et al., 1998). Rates of cardiovascular
diseases and diabetes have been found to increase in both men and women who were obese
during adolescence (Dietz, 1998). Approximately 50% of obese adolescents with a body mass

index at or above the 95" percentile become obese adults (Dietz, 1998).

Atherosclerosis starts in childhood and adolescence (Berenson et al., 1998; Strong et al.,
1999; Knoflach et al., 2003), but clinical manifestations can appear 30 to 50 years later.
This is the reason why it is so important to identify risk factors as early as possible. Risk
factors for several of the major chronic diseases, such as cardiovascular diseases,

hypertension, diabetes, obesity, and cancer, are often observed during childhood.

These studies underscore the importance of preventing overweight-derived metabolic

complications from childhood and adolescence.
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1 general introduction

1.3 Necessity of early identification and prevention of overweight-related

disorders in adolescence

The continuing upward trends in the prevalence of child obesity and its related metabolic
disorders indicate the need for early identification and characterization of the relationship
between simple measures of obesity and both cardiovascular and metabolic complications in
adolescents (Rodriguez et al., 2004; Steinbeck & Pietrobelli, 2005). Aerobic physical fitness,

anthropometric characteristics, and inflammatory markers are among these measures.
Aerobic physical fitness

Increased aerobic physical fitness (which is in part the result of regular practice of physical
activity) during adolescence has been associated not only with healthier lipid-related
metabolic traits during these years (Bergstrom et al., 1997; Boreham et al., 2001), but also
later in life (Twisk et al., 2002). In an 8-year follow up study (Hasselstrgm et al., 2002),
aerobic physical fitness during adolescence was not associated to risk factors of
cardiovascular disease in adulthood, but changes from the adolescence to adulthood in
aerobic fitness were related to risk in adulthood. Moreover, subjects who decreased their
aerobic fitness levels also changed to a worse risk factor profile (Hasselstrgm et al. 2002).
Changes in aerobic fitness from adolescence to adulthood were also inversely and
significantly associated with large arterial stiffness (a major risk factor for cardiovascular

disease) (Ferreira et al. 2003; Boreham et al 2004).

These studies underscore the importance of aerobic physical fitness to prevent
cardiovascular risk in adolescents and later in life. However, at the present time and to our
knowledge, there are no studies providing minimal criterion standards of aerobic fitness
associated to healthy lipid-cardiovascular profile in adolescents. Given the importance of
common apolipoprotein genetic variants of APOC3 and APOE genes on lipid-related
metabolic traits (Bernstein et al., 2002; Perez-Jimenez et al., 2002), it would be interesting

to set such criterion standards according to these genetic variants.
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1 general introduction

Anthropometric and inflammatory markers

Long-term health complications in overweight children and adolescents include
atherosclerosis and increased rates of cardiovascular diseases and mortality (Must et al.,
1992). In fact, subtle plasma lipid abnormalities predisposing to atherosclerosis are already
detected in overweight children and adolescents (Kang et al., 2002; Weiss et al., 2004).
Body mass index (BMI) has been proposed as a simple anthropometric measure related to
cardiovascular risk factors in children and adolescents (Katzmarzyk et al., 2004). However,
other studies highlight important shortcomings of the BMI measurement to provide
information on body fat distribution, thereby masking true obesity-related metabolic and
cardiovascular risk in children (Savva et al., 2001). Therefore, it would be interesting to

study other anthropometric measures in relation to lipid-cardiovascular risk in adolescents.

Evidence suggests that inflammatory processes and the immune response may play an
important role in the early development of both cardiovascular disease and diabetes
(Greaves & Channon, 2002; Kolb & Mandrup-Poulsen, 2005). Given the uncontrolled and
increasing worldwide obesity epidemic and related metabolic disorders in children and
adolescents (Ebbeling et al., 2002; Hedley et al., 2004; Moreno et al., 2005), studies
analysing a possible role of the immune system on obesity-related metabolic disorders in

adolescents are warranted.
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1.4 General aims

The general aims of this PhD Thesis are:

1) To provide simple physical fitness and anthropometric measures associated with
obesity-related metabolic traits in adolescents. These measures might be used as
early identification to prevent obesity and metabolic risk in the crucial stage of

adolescence.

2) To analyse possible apolipoprotein gene variants and physical fitness interactions in
relation to lipid-related metabolic traits. This might be useful to promote more

individualized lifestyle programs to prevent metabolic risk.

3) To examine possible interactions between physical fitness, weight status, immune
system and apolipoprotein gene variants on lipid-related metabolic traits. This
might be useful to clarify the role of immune response in overweight-derived

metabolic traits.

4) In the annex of this PhD Thesis we intend to provide possible and novel
physiological mechanisms able to explain, at least in part, the exercise-induced

beneficial metabolic effects.
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general methodology

In this PhD Thesis we used the sample of the AVENA (Alimentacién y Valoracién del Estado
Nutricional en Adolescentes: Food and assessment of the Nutritional Status of Adolescents).
This was a Spanish multicenter study designed to evaluate the nutritional status of a
geographically representative sample of Spanish adolescents in order to identify risk factors
for chronic and metabolic diseases in adulthood. Due to its importance and adequate
development, the study was financed by the Spanish Ministry of Health, through FIS (Fondo

de Investigacion Sanitaria) #00/0015.

The general methodology of the study, as well as the sample inclusion criteria, has been

published elsewhere (Gonzalez-Gross et al., 2003; Moreno et al., 2003).

2.1. Study population

The AVENA study was performed on 2851 Spanish adolescents (1354 males and 1497
females) aged 13 to 18.5 years were selected by means of a multiple-step, simple random
sampling, taking into account the location (Granada, Madrid, Murcia, Santander and

Zaragoza) and random assignment of the schools within each city.

* Madrid

Figure 1. Map of Spain whith cities participating in the AVENA study

The sample size was stratified by age and sex. In order to guarantee a representative sample
of the whole country, we calculated the number of adolescents to be included in the study
by selecting the variable with the greatest variance for this age group at the time the study

was planned; that was BMI (Moreno et al., 1997). The sampling was determined for the
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distribution of this variable; the CI was established at 95% with an error of +0.25. The
established number of subjects was 2100. The total number of subjects was uniformly
distributed in the five cities and proportionally distributed by sex and age. The sample was
oversized in order to prevent loss of information and because technically it was necessary to
do the fieldwork in complete classrooms. After finishing the field study, the subjects who
did not fulfil the inclusion criteria were excluded. Exclusion criteria were: type 2 diabetes,

pregnancy, alcohol or drug abuse, and nondirectly-related nutritional medical conditions.

Socioeconomic status was assessed by examining paternal educational level and
occupation. The subjects were accordingly classified into five categories: low, medium-low,

medium, medium-high and high socioeconomic status.

2.2. Ethics

Parents or supervisors were informed by a letter about the nature and purpose of the study
and they gave their written informed consent. The study protocol was performed in
accordance with the ethical standards laid down in the 1975 Declaration of Helsinki (Hong
Kong revision, September 1989), following the ECC Good Clinical Practice guidelines
(document 111/3976/88 of July 1990) and current Spanish law which regulates clinical
research in humans. The study protocol was approved by the Review Committee for Research
Involving Human Subjects of the Hospital Universitario Marqués de Valdecilla (Santander,

Spain).

2.3. AVENA methodology

In the AVENA study a multidisciplinary methodology was assessed, with experts from 5 centers
(one from each of the 5 cities) responsible for each research area. In Madrid, the Consejo
Superior de Investigaciones Cientificas (CSIC) was responsible for the coordination and overall
anamnesis, haematological, immunological and psychological assessments. The University of
Granada was responsible for biochemical, fitness and physical activity assessments. The

University of Zaragoza was responsible for body composition assessment. The University of
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Cantabria (Santander) was responsible for genotyping assessment, and the University of

Murcia for dietary records.

All methods used in the AVENA study are summarized in Tables 1 and 2. In this PhD Thesis

we included the assessment of lipid profile and related metabolic traits, genotype

polymorphisms, body composition, sexual maturation, physical fitness, and cell-mediated

immunity markers. Blood variables analyzed in the subgroup with blood samples are

summarized in Table 2.

Table 1. Variables studied within the AVENA study. *Assessed in a subgroup of 238

subjects (AVENA-Zaragoza city only)

Study variables

Fersonal background and emvironmenial conditions

Gender, age, sthnicity, sociceconomica
storfus, anamnnesis, famiby histony of
diseases, gestotion time, kitth weight,
lzrecst feeding

Emvironmnental data (family composition
ond haloitz)

Body composition and maturation
Height, weight, skinfolds, circumnferences
Bochy fort™
Puberal maoturity and oge of menarche

Fhysical fitness
Muscle strength (orip, omn and shoulder,
legs) ogility and flexioility
Cordicrespirotony finess (VO 2mon
estirmnicrion)
Fhysical activity
Phyysical activity of weskday, weekend and
sUMnMmer
Pemonal approach fo physical activity
Digtary assessment
Digtary recall
Food frequency
Food diany
Food hakits and nutition knowledge
Psychology
Soreening for ecting discnders
Behonional, peychaological Taits in eofing
dizorders
Irtellectual pefomance [veral aptitude,

logical reasoning, mothernatical skils)

Methods

Farentad questionnaire, clinical
exarnination, infendsws,

Parentd questionnairs

Anthropometricol assessment
Dual-eneny X-roy olbsonfioretny
Tanner stage, clinical exarninadion,

irmenisws,

Eurafit boftery

20 m Shuttle run test

Cluestionnoire

Sluesticnnaoire

24h distary recall
Food Frequency Susstionnoire
T-doy food dicnies

Suestionnaire

5 SCOFF guestions
Lluestionnaire (Eating Disarders
nventony)

Cluestionnoire (Test de Apfitudes
Escolores-TEA]
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Table 2. Blood variables assessed in the AVENA subgroup with blood sampling.

Analysed blood wariables

Hematology and diochemisiry
White and red blood cell counts
Lipid profie: Tiocylglyosrol, total-,
HOL-, VLDL-, LDL-cholesterno]
lipoproteines Aoodl, ApcE, lpla)

Glucose, preallburnin, Fon, total protein,

credtinine, calciurm, phosphorus, uea,
uresic acid
Immunological parameters

Innate immunity
CRP, C3, C4, cenoplosmin

Motural Killer cells (CDE4 +C DlsT)
Phogocytosis ond cxdodive burst™

Cell-mediated immunity
T-yrmohocyte subpopulotions
(co2™, coa™, co4™, cos™)

In vifro production of cytokines by
iscloted, strmulated white blood cells
(IFM-y, TMF-g, IL-2, IL-4, IL-&, IL-10)

frm vive cell medioted inmmmunit™*

Humoral immunity
Semrm immunoglcbuling &, A, M
B-lymphocytes (CD197)

Genofype polymorphisms

APOE, APOC3, PPAR-y

Methods

Standord cell counter
Stondaord enzyrmictic-colorimetic anabyzer

rnmunonechelometny

Stondaond autornatic onolyzer and nechelometny

Standard turkicinmetny onobysis

Irmrnuncohenotyoing
Phagolest®, Burst fest® meoasured by flow
oytomstny

Irmrnurcohenotyping
Cell culture of PEMC, cyickine defection in
supsmotant oy CBAR and flow cytometny

hulitest® introdemnal skin fest

Stondard turbidirnetry anaohysis

Irmmuncohenotyoing

Senctyping

2 general methodology

* Assessed in a subgroup of 90 subjects (AVENA-Madrid city only)
** Assessed in a subgroup of 79 subjects (AVENA-Madrid city only)
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2.4. Anthropometric assessment

For anthropometric measurements, subjects were barefoot and in their underwear. Weight
was measured with a Seca scale (precision of 50 g), and height with incorporated
stadiometer to the scale (precision of 1 mm). Biceps, triceps, subscapular, suprailiac, thigh,
and calf skinfold thicknesses were measured with a Holtain lipocaliper (range 0-40 mm,
precision of 0.1 mm). Arm, thigh, waist and hip circumferences were measured with an

inelastic tape (precision of 1 mm).

Skinfold thicknesses were measured at the left side of the body to the nearest 0.2 mm with
Holtain skinfold calipers, at the following sites: 1) triceps, halfway between the acromion
process and the olecranon process; 2) biceps, at the same level as the triceps skinfold, directly
above the centre of the cubital fossa; 3) subscapular, about 20 mm below the tip of the
scapula, at an angle of 45° to the lateral side of the body; 4) suprailiac, about 20 mm above
the iliac crest and 20 mm towards the medial line; 5) thigh, in the midline of the anterior
aspect of the thigh, midway between the inguinal crease and the proximal border of the

patella; 6) calf, at the level of maximum calf circumference, on the medial aspect of the calf.

Circumferences were measured in cm with an inelastic tape to the nearest 1 mm. In general,
for these measurements, the subject was in a standing position. To measure the waist
circumference, the tape was applied horizontally midway between the lowest rib margin and
the iliac crest, at the end of gentle expiration. The hip circumference measurement was taken
at the point yielding the maximum circumference over the buttocks, with the tape held

in a horizontal plane.

The complete set of anthropometric measurements was performed three times, but not
consecutively; we measured all the anthropometric variables in order, and then we repeated
the same measurements two more times. Harmonization and standardization of
anthropometric measurements used to assess body composition within the AVENA
multicenter study was strictly controlled and has been previously published elsewhere
(Moreno et al., 2003, 2005). To establish the overweight (including obesity) and non-
overweight categories, we used the gender- and age-adjusted cut-off points provided by the
International Obesity Task Force (Cole et al., 2000). During anthropometrical measurements,
pubertal maturity was classified according to one of the five stages defined by Tanner &

Whitehouse (1976). The standard staging of pubertal maturity describes breast and pubic hair
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development in girls and genital and pubic hair development in boys.

2.5. Aerobic physical fithess assessment

The physical fitness status of the AVENA population was evaluated using tests, most of
them from EUROFIT, the European test of physical fitness. A detailed description of the
EUROFIT tests is given in Oja and Tuxworth (1995). The battery of fitness tests used in the
AVENA study included the assessment of the following fitness measures: whole body
balance, speed of limb movement, flexibility, explosive strength, hand-grip strength, upper
body muscular endurance, running speed & coordination, and aerobic physical fitness
(cardiorespiratory fitness). In this PhD Thesis we focussed on cardiorespiratory fitness.
Cardiorespiratory fitness was measured by the progressive 20-m shuttle run test (Léger &

Lambert, 1982), which has been validated for use in children (Boreham et al., 1990).
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Figure 2. 20-m shuttle run test, also Ay |

known as Course Navette test. V r‘gf}_ —
e

This test required subjects to run back and forth between two lines set 20 m apart. Running

pace was determined by audio signals, emitted from a pre-recorded cassette tape, the initial
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velocity being 8.5 km-h-1, and increasing by 0.5 km-h-1 every minute (step). The tape used
was calibrated over 1 min duration and the tape machine was checked for accuracy prior to
each test. Subjects were instructed to run in a straight line, to pivot upon completing a
shuttle and to pace themselves in accordance to the time intervals. The test was finished
when the subject failed to reach the end lines concurrent with the audio signals on two

consecutive occasions.

2.6. Laboratory methods

Blood sampling

Blood samples were obtained in a randomly selected sub-sample of 500 subjects. This
subsample was equal to the full AVENA sample according to BMI, age and sex distribution
(Ruiz et al. 2006). Blood collection was carried out between 8:00 and 9:00 a.m., and after an
8-h overnight fast. The subjects were selected randomly (according to age, sex, geographical
location, and economic status) and were instructed to abstain from alcoholic beverages for
at least two weeks before sampling and to refrain from vigorous exercise during the 48 h
preceding blood collection. Within one hour after collection, blood was centrifuged and
aliquots of sera were sent refrigerated to a central laboratory (Clinical Biochemistry Service,
Granada University Hospital) where all the clinical chemistry tests were performed within

24 hours after collection.
Lipid profile assessment

Plasma glucose, total cholesterol, triglycerides and high density lipoprotein (HDL)
cholesterol were measured by enzymatic assay using a Hitachi 911 Analyzer (Roche
Diagnostics, Indianapolis, Ind, USA). For the HDL cholesterol assay, precipitation was done
using reagents provided by Boehringer (Ingelheim, Germany). LDL cholesterol was
calculated with the Friedewald formula (Friedewald et al., 1972) adjusted for plasma
triglycerides levels (Nakanishi et al., 2000). Apolipoprotein (apo) A-I, apo B-100 and
lipoprotein(a) [Lp(a)] were measured using a immunonephelometric assay on Array 306

system (Beckman GM], Inc., Albertville, Minnesota, USA).

In vitro production of cytokines
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In vitro production of cytokines by isolated, stimulated peripheral blood mononuclear cells
(PBMC) was assessed in cultured mitogen-stimulated cells. The cells were isolated from
heparinized peripheral blood in Ficoll-Hypaque (Lymphoprep, Hyegaard, Oslo, Norway) and
washed twice in RPMI-1640 medium (BioWhittaker, Verviers, Belgium). The PBMC were
resuspended in RPMI-1640 containing 10% fetal bovine serum and 1% penicillin/streptomycin.

The concentration was adjusted to 10°

viable cells/rml and 1ml of cell suspension was
incubated per well with mitogens, phytohemagglutinin (PHA 3.5 wpl/ml) and
lipopolysaccharide (LPS 1.5 ul/ml) (Sigma- Aldrich Chemie Gmbh, Steinheim, Germany), in 24-
well plates for 48 h, at 37°C and 5% co?. Following incubation the cells were removed by
centrifugation and supernatant stored at — 80°C until withdrawn for analysis. Single-point

measurement was performed and cytokine detection in all samples was analyzed at the

same time, in the end of the study, to minimize systematic variation.

Genotyping

Genomic DNA was isolated form leukocytes of whole blood samples according to standard
procedures (Miller 1988). The extracted DNA was stored at -70°C until analysed. APOE
genotyping was performed by means of polymerase chain reaction (PCR), specific digestion
with Hhal (Promega), and electrophoresis in 12% acrylamida gel. Genotype characterization
for the polymorphic Ss¢/ (position 371) in the 3' untranslated region of the APOC3 gene was
performed by PCR, specific digestion of the amplified products with the restriction enzyme

Sstl (Promega), and electrophoresis in 2% agarose gel (Hixson et al., 1991).

2.7. Statistics

Statistical analyses were performed using SPSS versions 11.5 to 13.0 for Windows XP. In all

analyses, statistical significance level was set at a=0.05.

Inter-groups differences among gender were assessed by either Student’s test (parametric

variables) or Mann Whitney U test (non-parametric variables).

General linear modelling was used to test associations between aerobic fitness, blood lipids,
and glycaemia, after adjustment for confounding factors. ROC analysis was used to
summarize the potential diagnostic accuracy of aerobic fitness to discriminate between the

presence/absence of a favourable lipid profile. Multicollinear analysis and generalized linear
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modelling were used for assessing the relationship between body composition variables
(BMI, waist-to-hip ratio, skinfold thicknesses and circumferences) and the lipid-related
metabolic risk score. To test the interaction between anthropometric variables and
cardiorespiratory fitness on the metabolic risk score, further linear modelling was

undertaken.

Generalized linear model analyses adjusted for confounding factors were used to assess the
associations between cytokine production from PBMCs and a lipid-related cardiovascular
risk score. To test the interaction between anthropometric variables, cardiorespiratory
fitness, and genetic polymorphisms on both cytokine production from PBMCs and the

cardiovascular risk score, further linear modelling was undertaken.
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3.

IC fithess and body composition in

on to'lipid-related metabolic traits

What is already known on this topic

There are studies showing associations between physical
fitness and lipid variables in adolescents. However, to our
knowledge there are no studies providing minimal criterion
standards of aerobic fitness in adolescents associated to
healthy lipid-related metabolic variables.

BMI, waist circumference, and waist-to-height ratio have been
proposed as simple anthropometric measures related to
metabolic and cardiovascular risk factors in children and
adolescents. However, there are some studies casting some
doubts about the value of these measurements to accurately
explain the variability of lipid-related metabolic variables.

What this PhD Thesis adds

We set minimal levels of aerobic physical fitness associated to
a favourable lipid profile in male adolescents.

We demonstrate the usefulness of suprailiac skinfold thickness
in males and waist-to-height ratio in females as simple
anthropometric measurements associated to an overall lipid-
related metabolic risk in adolescents.
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This section comprises two studies analysing aerobic physical fitness and anthropometric

measurements in relation to lipid-related metabolic traits:

Aerobic physical fitness in relation to blood lipids and fasting glycaemia in

adolescents. Influence of weight status.

MESA JL, Ruiz JR, ORTEGA FB, WARNBERG J, GONZALEZ-LAMUNO D, MORENO LA, GUTIERREZ A, CASTILLO
MJ. Published in Nutr Metab Cardiovasc Dis 2006; 16(4): 285-293.

Anthropometric determinants of a clustering of lipid-related metabolic risk
factors in overweight and non-overweight adolescents. Influence of

cardiorespiratory fitness.

MESA JL, ORTEGA FB, CASTILLO MJ, Ruiz JR, TRESACO B, CARRENO F, BUENO M, GUTIERREZ A, MORENO
LA. Ann Nutr Metab 2006 (accepted).

Studies conducted at Department of Medical Physiology, School of Medicine, University of
Granada, 18071 Granada, Spain

These studies were supported by Instituto de Salud Carlos lll, the Spanish Ministry of Health,
FEDER-FSE funds (00/0015), CSD grants 05/UPB32/01 and 09/UPB31/03, the Spanish Ministry of
Science & Education (grants AP2002-2920, AP2003-2128, and AP2004-2745), and grants from
Panrico S.A., Madaus S.A. and Procter & Gamble S.A.
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aerobic fitness standards to present a healthy lipid profile, about 50% of males did

not reach such values.

Conclusion: Our data suggest that both aerobic fitness and weight management are
associated with a composite index of blood lipids and glycaemia in adolescents. Our
study also provides the minimal levels of aerobic physical fitness associated with
a favourable lipid profile in male adolescents, a new tool which should be adopted
by schools as ‘"aerobic fitness standards’’.

© 2006 Elsevier B.V. All rights reserved.

Introduction

Cardiovascular disease (CVD) is the leading cause
of death in developed countries. Although the
clinical manifestations of CVD occur in middle
adulthood, pathological data have shown that
atherosclerosis begins in childhood and adoles-
cence [1—3]. Disturbed plasma lipid profile is an
important cardiovascular risk factor, capable of in-
ducing atherosclerotic development [4,5]. This has
been early shown in adults, but holds also for chil-
dren and adolescents. In fact, it has been recently
demonstrated that plasma low density lipoprotein
(LDL) cholesterol levels measured in childhood
are a consistent predictor of carotid artery
intima-media thickness in young adults who are
still too young to experience coronary events
[6,7]. These, and other findings [8,9], suggest
that a primary goal in CVD prevention should be
to keep a healthy plasma lipid profile since child-
hood [10,11].

Fasting glycaemia also deserves some attention.
In fact, fasting glucose has been proposed as
a marker of loss of beta cell function and insulin
response [12], and there are noticeable similarities
in the cardiovascular risk factor profile in subjects
with impaired fasting glycaemia and in subjects
with impaired glucose tolerance [13].

Regular aerobic physical activity leads to a sig-
nificant cardiovascular risk reduction, by improv-
ing the plasma lipid profile [14,15]. Along the same
line, increased aerobic physical fitness (which is in
part the result of regular practice of aerobic phys-
ical activity) during adolescence has been associ-
ated not only with healthier blood lipids during
these years [16,17], but also later in life [18].
Therefore, it seems reasonable to initiate regular
aerobic physical activity in childhood in order to
prevent metabolic risk and CVD in adulthood.

The previous studies did not analyse possible
associations with a metabolic composite index, but
with single blood lipids. Therefore, our first aim
was to explore associations between aerobic phys-
ical fitness not only with single blood lipids, but
also with a composite index of blood lipids and

fasting glycaemia in adolescents. Of note, only one
study [19] analysed interactions between obesity
measures and aerobic physical fitness in relation
to a metabolic composite index, so we also tested
a similar interaction in our population. Finally, to
the best of our knowledge there are no studies
providing minimal criterion standards of aerobic
fitness in adolescents, associated with healthy
metabolic outcomes. Therefore, we secondly
aimed to set minimal criterion standards of aero-
bic fitness associated with a favourable lipid
profile in adolescents.

Methods
Study population and design

This research was part of the AVENA study (Analisis y
Valoracion del Estado Nutricional en Adolescentes
espanoles [Assessment of Nutritional Status in
Spanish Adolescents]), a population-based cross-
sectional multicentric study of the aetiology and
pathogenesis of obesity and related metabolic
disorders during adolescence. The general method-
ology of the study, as well as the sample inclusion
criteria, has been published elsewhere [20,21].
Briefly, 2851 Spanish adolescents (1354 males and
1497 females) aged 13—18.5 years were selected
by means of a multiple-step, simple random sam-
pling, taking into account the location (Madrid, Mur-
cia, Granada, Santander and Zaragoza) and random
assignment of the schools within each city. The
inclusion criteria were: (1) not to be a consumer of
alcohol, drugs or steroids, (2) not to have familial
hypercholesterolaemia, (3) no history of CVD, (4)
to be free of disease and medication at the time of
the study, and (5) not to be pregnant. Socioeco-
nomic status was assessed by examining paternal
educational level and occupation. The subjects
were accordingly classified into five categories:
low, medium-low, medium, medium-high and high
socioeconomic status.

Parents or supervisors were informed by letter
about the nature and purpose of the study and
they gave their written informed consent. The
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study protocol was performed in accordance with
the ethical standards laid down in the 1975
Declaration of Helsinki, and approved by the
Review Committee for Research Involving Human
Subjects of the Hospital Universitario Marqués de
Valdecilla (Santander, Spain).

Aerobic physical fitness assessment

Aerobic fitness was measured by the progressive
20-m shuttle run test [22]. This test was validated
for use in children about 20 years ago [23,24]. Since
then, it has been used in schools worldwide to assess
aerobic physical fitness in children and adolescents.
Two thousand ninety adolescents (1034 males and
1056 females) completed satisfactorily the test
(characteristics of the study population are shown
in Table 1). This test required subjects to run back
andforth between two linesset 20 m apart. Running
pace was determined by audio signals, emitted from
a pre-recorded cassette tape, the initial velocity
being 8.5 km/h, and increasing by 0.5 km/h every
minute (step). The tape used was calibrated over
1 min duration and the tape machine was checked
for accuracy prior to each test. Subjects were in-
structed to run in a straight line, to pivot upon com-
pleting a shuttle and to pace themselves in
accordance with the time intervals. The test was
finished when the subject failed to reach the end
lines concurrent with the audio signals on two

Table 1  Physical characteristics and lipid profile of
the study population
Boys Girls P
(n=1034) (n= 1056)
Age (years) 15.4 (1.3) 15.4 (1.3) NS
Weight (kg) 63.8 (12.9) 56.3 (9.6) <0.001
Height (cm) 171.2 (8.5) 161.9 (6.2) <0.001
BMI (kg/m?) 21.7 (3.5) 21.5(3.3) NS
Total cholesterol  155.8 (26.0) 168.5 (26.4) <0.001
(mg/dl)
Glucose (mg/dl) 96.4 (10.9) 92.0 (8.7) <0.001
LDL cholesterol 89.9 (23.4) 96.3 (23.8) <0.01
(mg/dl)
HDL cholesterol 51.5(9.5) 59.2 (11.5) <0.001
(mg/dl)
Triglycerides 72.4 (31.9) 64.7 (26.9) <0.01
(mg/dl)
Apo A-l (mg/dl)  116.8 (20.0) 126.4 (25.3) <0.001
Apo B-100 (mg/dl) 67.4 (14.8) 70.8 (14.7) <0.05
Lp(a) (mg/dl) 30.5 (36.3) 31.1 (39.6) NS

Results expressed as mean (5D). Lipid and glucose data are
from 460 subjects (248 males and 212 females). P values
are from either Student’s t-test (parametric variables) or
Mann—Whitney U-test (non-parametric wvariables). Apo,
apolipoprotein; BMI, body mass index; Lp(a), lipoproteinia).

consecutive occasions. The final score was com-
puted as the number of steps completed (precision
of 0.5 steps). A constant level of encouragement
was given to participants throughout the test. Sub-
jects were instructed to abstain from strenuous
exercise in the 48 h preceding the test.

Anthropometric assessment

For anthropometric measurements, subjects were
barefoot and in their underwear. Weight was
measured with a Seca scale (precision of 50g),
and height with incorporated stadiometer to the
scale (precision of 1mm). Trained interviewers
asked the adolescents to classify themselves in
one of the five Tanner stages of pubertal maturity.
This standard staging describes breast and pubic
hair development in girls and genital and pubic
hair development in boys. The first Tanner stage
corresponds to the prepubertal state; subjects
classified in Tanner stage 5 are completely mature.
Harmonization and standardization of anthropo-
metric measurements used to assess body compo-
sition within the AVENA multicentre study were
strictly controlled and have been previously pub-
lished elsewhere [21,25]. To establish the over-
weight (including obesity) and non-overweight
categories, we used the gender- and age-adjusted
cut-off points provided by the International
Obesity Task Force [26].

Laboratory methods

Blood sampling

Blood was collected in 581 subjects 5 days before
the 20-m shuttle run test. Four hundred and sixty
(248 males and 212 females) out of the initial 581
subjects completed satisfactorily the aerobic
fitness test. Blood collection was carried out
between 8:00 and 9:00 a.m., and after an 8-h
overnight fast. The subjects were selected ran-
domly (according to age, gender, geographical loca-
tion, and economic status) and were instructed to
abstain from alcoholic beverages for at least
2 weeks before sampling, and to refrain from vig-
orous exercise during the 48 h preceding blood col-
lection. Within 1 hour after collection, blood was
centrifuged and aliquots of sera were sent refrig-
erated to a central laboratory (Clinical Biochemis-
try Service, Granada University Hospital), where
all the clinical chemistry tests were performed
within 24 h after collection.

Lipids, lipoproteins, and Lp(a)

Plasma glucose, total cholesterol, triglycerides and
high density lipoprotein (HDL) cholesterol were
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measured by enzymatic assay using a Hitachi 911
Analyzer (Roche Diagnostics, Indianapolis, USA). For
the HDL cholesterol assay, precipitation was done
using reagents provided by Boehringer (Ingelheim,
Germany). LDL cholesterol was calculated with the
Friedewald formula [27] adjusted for plasma tri-
glycerides levels [28]. Apolipoprotein (apo) A-l,
apo B-100 and lipoprotein(a) [Lp(a)] were measured
using a immunonephelometric assay on Array 306
system (Beckman GMI, Inc., Albertville, MN, USA).
Quality control of the assays was assured by the
Regional Health Authority, as it is compulsory for
all hospital clinical laboratories in Spain.

Determination of a composite index of
blood lipids and fasting glycaemia

To investigate whether a metabolic composite
index was related to aerobic fitness, we decided
to compute a continuous score from the following
four measurements: triglycerides, HDL choles-
terol, LDL cholesterol, and fasting glucose. For
each of these variables, a Z score was computed
as the number of SD units from the sample mean
after normalization of the variables, i.e.,
Z = ([value — mean]/SD). The HDL cholesterol Z
score was multiplied by —1 to indicate higher car-
diovascular risk with increasing value. The com-
posite index of blood lipids and fasting glycaemia
was the sum of the four Z scores. The mean of
this continuously distributed metabolic composite
index was therefore zero by definition.

Determination of aerobic fitness standards
associated with a favourable lipid profile

For aerobic fithess assessment, it was necessary to
calculate a normalized score of aerobic fitness
(score in the 20-m shuttle run test).

Normalization of the aerobic fitness score

Scores in steps of the 20-m shuttle run test
(n = 2090) were classified for age (13—14, 14—15,
15—16, 16—17, and 17—18.5years) and gender
(male or female). Because the aerobic physical
fitness varies according to age and gender, we
standardized the value for age and gender with the
use of conversion to a Z score. Z normalized values
(mean 0; SD 1) were obtained for each age group
and gender. Z normalized value = (value —mean)/SD.

Determination of the presence/absence

of healthy lipid profile

In accordance with the American Heart Association
[29], based on the NCEP Expert Panel on Blood
Cholesterol in Children and Adolescents [30], and

J.L. Mesa et al.
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Figure 1 Aerobic fitness scores by gender and age.
Data are expressed as mean = SD.

based on other studies [31,32], we set undesirable
serum total cholesterol, LDL cholesterol and Lp(a)
levels higher than 240 mg/dl, 130 mg/dl, and
32 mg/dl, respectively, and HDL cholesterol lower
than 35 mg/dl as indicators of lipid cardiovascular
risk factors in children and adolescents. We consid-
ered the presence of a healthy lipid profile when
healthy values were obtained in all of the indi-
cated lipids. Absence of a healthy lipid profile
was considered when at least one of the indicated
lipid cardiovascular risk factors was detected.

Calculation of aerobic fitness standards

to present a healthy lipid profile

After the dichotomised classification of the lipid
profile (presence/absence of healthy lipid profile),
receiver operating characteristic (ROC) analysis
was performed in order to summarize the potential
of age- and gender- normalized aerobic fitness to
discriminate between presence or absence of
healthy lipid profile [33]. The aerobic fitness
standards for presenting a healthy lipid profile
were settled defining the best tradeoff between
true-positive and false-positive rates [34].

Statistical analysis

Inter-groups differences among gender were as-
sessed by either Student’s t-test (parametric
variables) or Mann—Whitney U-test (non-paramet-
ric variables). General linear modelling was used
to test associations between aerobic fitness, blood
lipids, and glycaemia, after adjustment for con-
founding factors. ROC analysis was used to summa-
rize the potential diagnostic accuracy of aerobic
fitness (see above) to discriminate between the
presence/absence of a favourable lipid profile.
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Figure 3  Receiver operating characteristic (ROC) curve summarizing the potential of aerobic fitness to discriminate

between the absence/presence of healthy plasma lipid profile in males (n = 248) and females (n =212). The cross
denotes the best cut-off point to discriminate the absence or presence of healthy plasma lipid profile in males,
with a specificity of 0.734. Such a cut-off point was 0.1411 (age-normalized aerobic fitness). AUC, area under the

curve,

A composite index of blood lipids and fasting
glycaemia was significantly related to aerobic fit-
ness in males (P = 0.018), after adjustment for age,
sexual maturation and economic status (Fig. 2A). In
females, a significant trend was found from the 2nd
quartile to the 4th quartile of aerobic fitness
(P= 0.045) (Fig. 2A). Although the same pattern
remained in overweight (including obesity) and
non-overweight adolescents after adjustment for
gender, age, sexual maturation and economic status
(P < 0.05, Fig. 2B), the metabolic composite index
was significantly higher in overweight (including
obesity) adolescents (P = 0.001).

ROC analysis showed a significant diagnostic
accuracy of age-normalized aerobic fitness to

35

Age-normalized aerobic fitness
=

34 = Presence of healthy lipid profile
+ Absence of healthy lipid profile

Figure 4 Distribution of the absence or presence of
healthy lipid profile in males according to the age-
normalized aerobic fitness (n = 248). The dotted line rep-
resents the best age-normalized aerobic fitness (0.1411)
for discriminating the absence/presence of healthy lipid
profile. 73.4% of subjects without a healthy lipid profile
were below such aerobic standard. The age-normalized
aerobic fitness standard for presenting a healthy lipid
profile was settled defining the best tradeoff between
true-positive and false-positive rates [34].

discriminate the presence/absence of healthy
plasma lipid profile in males (AUC = 0.716,
P < 0.001) but not in females (AUC = 0.506,
P = 0.88) (Fig. 3). The best age-normalized aerobic
fitness value capable of discriminating the pres-
ence/absence of healthy lipid profile in males
was 0.1411 (the cross in Fig. 3 and the dotted
line in Fig. 4). Males with age-normalized aerobic
fitness values above such a cut-off point presented
increased odds (odds ratio 5.91, 95% confidence in-
terval 3.35—10.45, P < 0.01) of having a healthy
lipid profile than those with aerobic fitness values
below 0.1411 (Fig. 4).

Table 3 shows, according to age, the male aero-
bic fitness needed to present a healthy lipid pro-
file. About 50% of the male study population did
not reach such values.

Discussion

Previous studies in children [16,17,35,36] have
shown associations between aerobic physical fit-
ness and blood lipids. We also show here associa-
tions between aerobic fitness and single blood
lipids, mainly in males. The only association found
in girls in our study was to HDL cholesterol levels,
but even the first quartile of aerobic physical
fitness had mean HDL cholesterol levels of
57.2 £10.6 mg/dl, quite acceptable. This discrep-
ancy is also noted by Boreham et al. [17], who
revealed significant relationships between three
cardiovascular risk factors and fitness in 12 year
old boys, whereas only one cardiovascular risk
factor and fitness in 12 year old girls.

With respect to the lipid profile and fasting
glucose as a whole, we also show here associations
between increased aerobic physical fitness and
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Table 3  Aerobic fitness standards required to present a healthy lipid cardiovascular profile in males
Age (years) True False
13-14  14-15  15-16  16-17  17-18.5  Positive  negative
rate (%) rate (%)
Aerobic fitness standard 6.4 7.0 7.5 7.8 7.8 73.4 26.6
Percentage of population 49.7 51.9 49.2 52.1 51.6

above the standard

Aerobic fitness standard values are expressed in steps scored in the 20-m shuttle run test. The aerobic fitness standards for
presenting a healthy lipid profile were settled defining the best tradeoff between true-positive and false-positive rates [34].

lower composite index of blood lipids and fasting
glycaemia in adolescents, in both overweight and
non-overweight adolescents. However, overweight
(including obesity) adolescents with high aerobic
fitness presented a higher composite index than
their non-overweight counterparts with the same
aerobic fitness level. This suggests the necessity to
improve both aerobic fitness level and weight
status in adolescents in order to prevent an
unhealthy metabolic profile. This is biologically
plausible. Firstly, some studies in children
[16,17,35,36] have shown associations between
aerobic physical fitness and blood lipids. Secondly,
other studies have shown abdominal subcutaneous
fat [37,38] and visceral adipose tissue [39,40] as
determinants of metabolic atherogenesis risk
factors in youth. Finally, we [41] have shown
previously that overweight and obesity may
induce a chronic low-grade inflammatory state in
adolescents, which points out the importance of
maintaining an appropriate body weight to avoid
obesity-related diseases during adolescence.

Thus, our data suggest that both the promotion
of physical activity and the reduction of excessive
weight during adolescence may reduce exposure
to metabolic risk factors in adolescents, which is in
agreement with recent data [42]. According to sev-
eral longitudinal studies [18,43,44], such a protec-
tion during adolescence could be expanded later in
life.

In this study we also intended to provide, by
using ROC analysis, the minimal values of aerobic
physical fitness needed to present a healthy lipid
profile in adolescents. Because the association
between aerobic physical fitness and blood lipids
was weaker in females compared to males, we
were able to get the minimal values of aerobic
fitness only in males. About 50% of male adoles-
cents did not reach such required aerobic fitness
values. Thus, the present aerobic fitness in ado-
lescents seems to be less than acceptable. In this
regard, some studies documented a progressive
decrease in aerobic fitness among children over
the last decades [45,46]. In fact, while in the 1980s

children aged 12—14 years had mean of the 20-m
shuttle run score of 8.0+ 1.7 and 6.4 + 1.5 steps
for boys and girls respectively [23], we report up-
dated mean scores of 6.0 &= 2.4 and 3.4 £ 1.5 steps
for boys and girls aged 13—14 years. Although aer-
obic fitness has a strong genetic component [47],
and a part of the variability in health-related fit-
ness is not accounted for by physical activity
[18,48], such a decrease is probably mediated by
a diminution in physical activity among adoles-
cents over recent years.

According to the American Heart Association
[29], the decrease in aerobic fitness may be due to
a variety of reasons: (1) children tend to walk less
and increasingly rely on cars for transportation;
(2) sedentary entertainment has increased among
adolescents; (3) participation in organized athlet-
ics diminishes greatly after middle school. Since
physical fitness is very predictable from early years
[49], and physical activity during childhood and
adolescence is related to adult physical activity
[50,51] and may influence the development of car-
diovascular risk later in life [44,50], it is of interest
to promote physical activity from childhood. In this
respect, schools are in a uniquely favourable posi-
tion to increase aerobic physical activity among
their students.

In conclusion, our data suggest that both aero-
bic fitness and weight management may be nec-
essary for the prevention of metabolic risk in
adolescents. In addition, we add the minimal
criterion standards of aerobic fitness to present
a healthy plasma lipid profile in male adolescents.
This is a new tool which should be adopted by
schools as "‘aerobic fitness standards’’ in order to
keep a healthy plasma lipid profile and, thus, to
prevent metabolic and CVD risk during adoles-
cence and later in life.
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3.2. Anthropometric determinants of a clustering of lipid-related
metabolic risk factors in overweight and non-overweight adolescents.

Influence of cardiorespiratory fitness.

ABSTRACT

Background/Aims: To explore in adolescents the associations between simple anthropometric
variables with a continuously distributed summary score for lipid-related metabolic risk in both
overweight and non-overweight adolescents, and to test whether these associations are modified

by the level of cardiorespiratory fitness.

Methods: Cardiorespiratory fitness, BMI, skinfold thicknesses, body circumferences, and a
continuously distributed clustering of lipid-related metabolic risk (calculated from LDL and HDL
cholesterol, triglycerides, and glucose) were measured in 524 adolescents (265 males, 259
females, 15.3+/-1.4 yr) from the cross-sectional multicentric AVENA study. Participants were

classified as overweight (including obesity) or non-overweight.

Results: Most anthropometric parameters were univariately related to the continuous lipid-
related metabolic risk. However, after multicollinear analysis and generalized linear modelling,
suprailiac skinfold thickness in males (P<0.001, explained variance 12.2%) and waist-to-height
ratio in females (P<0.001, explained variance 10.0%) were the best determinants of the
continuous metabolic risk score, after adjustment for age, sexual maturation, and economic
status. These associations were slightly weakened in overweight males (P=0.034) and females

(P=0.087), and there was no interaction with cardiorespiratory fitness.

Conclusion: Our data emphasize the usefulness of suprailiac skinfold thickness in males and
waist-to-height ratio in females as simple anthropometric measurements associated to an overall
lipid-related metabolic risk, mainly in non-overweight adolescents and regardless their

cardiorespiratory status.

Key words: Adolescence — Metabolic risk — Body composition — Cardiorespiratory fitness
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3.2.1. Introduction

Paediatric and adolescent obesity represents an uncontrolled and increasing worldwide
epidemic [1-5]. Long-term health complications in overweight children and adolescents
include increased rates of metabolic and cardiovascular diseases and mortality [6,7]. In
fact, subtle plasma lipid abnormalities predisposing to atherosclerosis are already detected
in overweight children and adolescents [8-11]. The continuing upward trends in prevalence
of child obesity, and the adverse health implications related to both paediatric and adult
obesity, indicate the need for early identification and characterization of the relationship
between simple measures of obesity and both cardiovascular and metabolic complications in

adolescents [12,13].

Body mass index (BMI) [14,15], although with caution [16], waist circumference [15,17,18],
and waist-to-height ratio [17,19] have been proposed as simple anthropometric measures
related to metabolic and cardiovascular risk factors in children and adolescents. These
previous studies used a categorical definition of cardiovascular risk, which may limit the

power to detect an association [20].

In the present study we explored the associations between simple anthropometric variables
with a continuously distributed summary score for lipid-related metabolic risk. Since several
anthropometric measurements were reported to have less reliability and accuracy in
overweight than in lean subjects [21,22], we explored the associations in both overweight
(including obesity) and non-overweight adolescents. Interestingly, large-scale
epidemiological studies have demonstrated that low cardiorespiratory fitness is a stronger
predictor of both cardiovascular and all-cause mortality than other established risk factors
[23,24]. Therefore, we also tested whether the association between anthropometric variables
and the lipid-related metabolic risk score is modified by the level of cardiorespiratory fitness

in adolescents.

3.2.2. Methods

A total of 524 healthy Caucasian adolescents from five different geographic locations from
Spain took part in the study. Complete clinical, anthropometric, and cardiorespiratory
fitness data were available for all participants. The subjects were all participants in the
AVENA Study [25,26], a population-based cross-sectional multicentric study of the aetiology
and pathogenesis of obesity and related metabolic disorders. Parents and school supervisors

were informed by a letter about the nature and purpose of the study and they gave their
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written informed consent. The study protocol was performed in accordance with the ethical
standards laid down in the 1975 Declaration of Helsinki, and approved by the Review
Committee for Research Involving Human Subjects of the Hospital Universitario Marqués de

Valdecilla (Santander, Spain).

Cardiorespiratory fitness

Cardiorespiratory fitness was measured by the progressive 20-m shuttle run test [27], which
has been validated for use in children [28]. This test required subjects to run back and forth
between two lines set 20 m apart. Running pace was determined by audio signals, emitted
from a pre-recorded cassette tape, the initial velocity being 8.5 km-h-1, and increasing by
0.5 km-h-1 every minute (step). The tape used was calibrated over 1 min duration and the
tape machine was checked for accuracy prior to each test. Subjects were instructed to run in
a straight line, to pivot upon completing a shuttle and to pace themselves in accordance to
the time intervals. The test was finished when the subject failed to reach the end lines
concurrent with the audio signals on two consecutive occasions. Scoring was by steps
completed (precision of 0.5 steps). A constant level of encouragement was given to
participants throughout the test. Subjects were instructed to abstain from strenuous

exercise over 48 h preceding the test.

Anthropometric assessment

For anthropometric measurements, subjects were barefoot and in their underwear. Weight
was measured with a Seca scale (precision of 50 g), and height with incorporated
stadiometer to the scale (precision of 1 mm). Biceps, triceps, subscapular, suprailiac, thigh,
and calf skinfold thicknesses were measured with a Holtain lipocaliper (range 0-40 mm,
precision of 0.1 mm). Arm, thigh, waist and hip circumferences were measured with an
inelastic tape (precision of 1 mm). Harmonization and standardization of anthropometric
measurements used to assess body composition within the AVENA multicenter study was
strictly controlled and has been previously published elsewhere [5,26]. To establish the
overweight (including obesity) and non-overweight categories, we used the gender- and age-

adjusted cut-off points provided by Cole et al. [14].

Blood sampling

Blood collection was carried out between 8:00 and 9:00 a.m., and after an 8-h overnight
fast. The subjects were selected randomly (according to age, sex, geographical location, and
economic status) and were instructed to abstain from alcoholic beverages for at least two

weeks before sampling and to refrain from vigorous exercise during the 48 h preceding
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blood collection. Within one hour after collection, blood was centrifuged and aliquots of
sera were sent refrigerated to a central laboratory (Clinical Biochemistry Service, Granada
University Hospital) where all the clinical chemistry tests were performed within 24 hours
after collection. Plasma glucose, triglycerides and high density lipoprotein (HDL) cholesterol
were measured by enzymatic assay using a Hitachi 911 Analyzer (Roche Diagnostics,
Indianapolis, Ind, USA). For the HDL cholesterol assay, precipitation was done using
reagents provided by Boehringer (Ingelheim, Germany). LDL cholesterol was calculated with
the Friedewald formula [29] adjusted for plasma triglycerides levels [30]. Quality control of
the assays was assured by the Regional Health Authority, as compulsory for all hospital

clinical laboratories in Spain.

Lipid-related metabolic risk score

To investigate whether the clustering of lipid-related metabolic risk factors was related to
body composition variables, we decided to compute a continuous risk score from the
following four measurements: triglycerides, HDL cholesterol, LDL cholesterol, and glucose.
For each of these variables, a Z score was computed as the number of SD units from the
sample mean after normalization of the variables, i.e., Z = ([value - mean]/SD). The HDL
cholesterol Z score was multiplied by -1 to indicate higher cardiovascular risk with
increasing value. The lipid-related metabolic risk score was the sum of the four Z scores.
The mean of this continuously distributed lipid-related metabolic risk score is therefore zero

by definition.

Statistical analysis

Inter-groups differences among gender were assessed by either Student’s test (parametric
variables) or Mann Whitney U test (non-parametric variables). Multicollinear analysis and
generalized linear modelling were used for assessing the relationship between body
composition variables (BMI, waist-to-hip ratio, skinfold thicknesses and circumferences)
and the lipid-related metabolic risk score. To test the interaction between anthropometric
variables and cardiorespiratory fitness on the metabolic risk score, further linear modelling

was undertaken. The level of significance for all analyses was set at P<0.05.

3.2.3. Results

The descriptive characteristics of participants are shown in Table 1. Male adolescents were
significantly taller and heavier and had higher waist circumference and cardiorespiratory

fitness than females (P<0.001). Girls presented lower plasma glucose and triglycerides

50



3 aerobic fitness and body composition in relation to lipid-related metabolic traits

concentration (P<0.01), and higher plasma HDL (P<0.001) and LDL cholesterol levels
(P<0.01).

In boys and girls, the lipid-related metabolic risk score was univariately correlated with
suprailiac, biceps, triceps, subscapular, thigh and calf thicknesses (P<0.01), BMI, arm and
thigh circumferences (P<0.01), and with waist-to-hip ratio (P<0.05). Additionally,
cardiorespiratory fitness was inversely correlated with the metabolic risk score in boys
(P=0.001), but not in girls (P=0.198).

In order to calculate the metabolic risk score’s variance accounted for by each
anthropometric measurement, multicollinear analysis and generalized linear modelling were
carried out after adjustment for age, sexual maturation, and economic status. In males, the
suprailiac skinfold thickness accounted for the highest amount of metabolic risk score’s
variance (12.2%, P<0.001), and had a good level of tolerance (14.1%, i.e., 14.1% of
suprailiac skinfold thickness’ variance was not accounted for by the remaining
anthropometric variables). In females, waist-to-height ratio accounted for the highest
amount of metabolic risk score’s variance (10.0%, P<0.001), with 7.6% of tolerance. (Figure
1). After stepwise multiple regression analysis the previous figures were confirmed, with
suprailiac skinfold thickness in males (P<0.001) and waist-to-height ratio in females

(P<0.001) as the best estimators of the lipid-related metabolic risk score.

After stratifying the sample into overweight (including obesity) and non-overweight, and by
using the same analyses, suprailiac skinfold thickness was the best estimator of the
metabolic risk score in both overweight (P=0.034) and non-overweight (P=0.001) male
adolescents (Table 2). Biceps and triceps skinfold thicknesses, and arm and thigh
circumferences were significantly related to the metabolic risk score in non-overweight, but
not in overweight males. In females, waist-to-height ratio was the best estimator of the
metabolic risk score in both non-overweight (P=0.020) and overweight (P=0.087)

categories (Table 3).

To determine whether the associations between the lipid-related metabolic risk score with
suprailiac skinfold thickness in males and waist-to-height ratio in females were affected by
the level of cardiorespiratory fitness, generalized linear modelling was carried out. Data
were stratified above and below the mean for cardiorespiratory fitness. In addition, data
were also stratified by tertiles of suprailiac skinfold thickness in males, and by tertiles of
waist-to-height ratio in females. Suprailiac skinfold thickness (P=0.008, in males) and
waist-to-height ratio (P=0.005, in females) were significantly related to the lipid-related
metabolic risk score after adjustment for BMI, age, tanner stage, and socioeconomic status

(Figure 2). These associations were significant after additional adjustment for
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cardiorespiratory fitness (P=0.034 in males, P=0.002 in females). No significant interaction
was found between such anthropometric measurements and cardiorespiratory fitness in

relation to the lipid-related metabolic risk score.

3.2.4. Discussion

Our data show that suprailiac skinfold thickness (in males) and waist-to-height ratio (in
females) are the best single estimators of a continuously distributed lipid-related metabolic
risk score in a population sample of adolescents from Spain. Both associations were slightly
weakened in overweight adolescents, and there was no interaction with cardiorespiratory

fitness.

Previous studies [14,15] have proposed BMI as a simple anthropometric measure related to
cardiovascular risk factors in children and adolescents. Our data, after categorising into
overweight and non-overweight subjects, suggest a limited usefulness of BMI to estimate a
clustering of metabolic traits in children and adolescents. In consonance with this, other
studies highlight important shortcomings of the BMI measurement to provide information
on body fat distribution [31-33] thereby masking true obesity-related metabolic and
cardiovascular risk in children [17]. These weaker associations between BMI and
cardiovascular risk among children and adolescents may be attributable, in part, to the
asynchronous changes that occur in the levels of fat mass and fat-free mass during growth.
In fact, it has been shown that BMI increases in adolescents from both sexes are primarily

determined by increases in fat-free mass rather than in body fat compartment [16,34].

Our data also demonstrate a less usefulness of waist-to-hip ratio for cardiovascular risk
screening in adolescents, questioning the clinical relevance of waist-to-hip ratio as a
diagnostic test in adolescents. This is in agreement with recent studies [35,36], and it may
be explained by the fact that waist-to-hip ratio has previously been shown to be less
valuable for central fatness screening not only in children and adolescents [37,38], but also

in adults [39].

In other studies [15,17,18,40] waist circumference has been shown to be a simple
anthropometric measure related to cardiovascular and metabolic risk factors in children and
adolescents. Although in this study waist circumference was significantly related to the
metabolic risk score in both males and females before taking into account weight status, we
also found a very low tolerance for waist circumference in both sexes (<1%). Tolerance is

the proportion of a variable's variance not accounted for by other independent variables in
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the model. Therefore, tolerance is used to determine how much the independent variables
(waist circumference and the remaining anthropometric variables) are linearly related to one
another (multicollinear). A variable with very low tolerance contributes little information to
a model, and can cause computational problems. After dividing waist circumference by
height, not only tolerance was acutely increased, but also the power of the variable (waist-
to-height ratio) to estimate the lipid-related metabolic risk score. In fact, after multicollinear
and linear modelling, suprailiac skinfold thickness (in males) and waist-to-height ratio (in
females) were the best estimators of the lipid-related metabolic risk score in adolescents.
These findings are biologically plausible. Firstly, we [41] and others [42] found skinfold
thickness measurements and waist-to-height ratio to be estimators of the visceral (intra-
abdominal) mass of adipose tissue along with the subcutaneous truncal fat mass. Secondly,
other studies have shown abdominal subcutaneous fat [43,44] and visceral adipose tissue
[45,46] as determinant of metabolic risk factors in youth. Moreover, since our data were
obtained after adjustment for confounding factors, our observations are unlikely to be
explained by chance, bias, or confounding. In addition, the lipid-related metabolic risk Z
score, which we used to define a metabolic risk clustering on a continuous scale, is
statistically more sensitive and less error prone by comparison to other approaches
[20,47,48].

Several anthropometric measurements (waist circumference and suprailiac skinfold
thickness among them) were reported to have less reliability and accuracy in overweight
than in lean subjects [21,22]. We showed suprailiac skinfold thickness (in males) and
waist-to-height ratio (in females) as the best estimators of lipid-related metabolic risk
mainly in non-overweight adolescents, although such variables also remained as the best
estimators in over-weight adolescents. These results are probably due to the high reliability
we got in both waist circumference and suprailiac skinfold thickness in the AVENA study
[26]. Of note, the intra- and inter-observer technical error of measurements for skinfold
thickness and waist circumference in our survey were lower than the reference values
proposed by Ulijazsek and Lourie [49] and Ulijazsek and Kerr [50]. The slightly weakened
associations of such anthropometric variables with the metabolic risk score in the
overweight category may be due to its small sample size by comparison to the non-

overweight category.

Finally, we also tested whether the associations between suprailiac skinfold thickness and
waist-to-height ratio with an overall metabolic risk score is modified by the level of
cardiorespiratory fitness in adolescents. We did not get any interaction between

cardiorespiratory fitness and such anthropometric variables in estimating the lipid-related
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metabolic risk score, and our results suggest that such anthropometric variables are
independently related to the lipid-related metabolic risk score. Although the cross-sectional
nature of our study limits inference about the direction of causality, it is biologically
plausible that a reduction in suprailiac skinfold thickness in males and waist-to-height ratio
in females improves the lipid-related metabolic risk profile in adolescents. Firstable,
subcutaneous truncal fat is an independent estimator of metabolic traits [43,44]. Secondly,
the well-known association between cardiorespiratory fitness and these risk factors may be
mediated by the levels of abdominal subcutaneous fat [44]. Whether improvements in
suprailiac skinfold thickness or waist-to-height ratio may cause improvements in the
cardiovascular risk profile in adolescents, independently of changes in cardiorespiratory

fitness, remains to be elucidated in further studies.

In conclusion, after multicollinear analysis and linear modelling, suprailiac skinfold
thickness (in males) and waist-to-height ratio (in females) were the best simple
anthropometric estimators of a clustering of lipid-related metabolic traits in a population of
adolescents from Spain, mainly in non-overweight individuals and regardless their
cardiorespiratory status. These simple measurements should be used for early identification

and characterization of metabolic complications in adolescents.
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Table 1. Descriptive characteristics of participants

3 aerobic fitness and body composition in relation to lipid-related metabolic traits

Boys Girls

(n=265) (n=239)
Age (years) 153=13 15414
Height (cm) 170977 161464 +e
Weight (kz) 6435129 562109 e
BMI (kg/m’) 219+38 215+35
Waist circumference (cm) T70x+92 TOB 83 4
E(?;}‘ii}urespirntury fitness 71£27 11=128
Triglveerides (mgz/dl) T18=319 634 =247+
HDL cholesterol {mg/dl) 516979 399=+119
LDL cholesterol fmg/dl} 002231 054+234
Glucose (mg/dl) G54=113 9198 0w

Data are means = 5D. Stdent’s test (parametric variables) or Mann Whitney U test (non-

parametric variables) for differences between sexes: » P=<i0.01, ++ P=0.001. BML body mass

mdex; HDL, high density lipoprotein; LDL, low density lipoprotein.
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Table 2. Gensralized lmear modellng showing assoctation: betersen several anthropomeimc

vanables and the lipid-related metabolic nzk z-scors, m non-overweight and oversveizht male

adolescants.
Non-overweight Overweight
(=192} (m=73)
[ coefficiant [ coefficiant
F F
Skinfold thickness 1T T IT 2T
E -1.038 0344 0.774 0.037 .
Biceps ey e 0044 et 0588
. 0748 0.213 0.205 0218
Trzezps (D443 (D.431) L (0523 (2T —
- -1415 0248 -1.180 -0.317
Supratlac (035%) [0435) .01 (053] [@E17) 0.034
- . 0011 017 . 1787 0416
Subscapular e e 0.083 mas) e 0120
\ : 00063 0.004 - -1.127 0.025 ana
Subscapular Triceps (0:467) (044) 0587 00 07 0313
-0.B12 -0d89 0.330 -01351
Thugh (0:442) (04301 e (0534 (0.534) e
Calf pyr 0.185 e e 0539
Circumferences
Am CH R sin gm0
r_-_ 0871 -0.330 = 0.234 0.340 4
Wast e 0.185 e 0913
: -0587 0819 r 0.322 0.522 3
Hip (0.472) (434 0.142 (053] (O.ETT) 0838
-1.075 -0548 = 0047 0515 -
Thugh 045 (0383 8050 083 (0308 0.6
Other indices
BMI R ow g 08
T i 0.353 0.208 - 0247 0.568 M
W-Hp ratio e o455 0.693 e o 0493
W Ht ratin e am e

Amnalyses wers performed after adjusment for age, sexual maturaticn and socioeconomic stams. 1T
refars to 1% tertile; 2T, 2™ tertile; BMI, body mass index; W, waiss; Hp, hip; Ht, heighr,
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Table 3. Generalized Inear modellng showing associations betwesn several anthropometic
variables and the lipid-related matabolic itk z-score, m non-overweight and overwelght

female adolescents.

Non-overvweight Overweight
|:].'|=:12:' |:]_'|=.|.,T:|
[ coefficiant [ coefficiant
F F
Slanfold thickness 1T T 1T T
Biceps ois e 0133 oM 0330
06 06 1463 0317
Triceps ,I:I _1'_':% ,I:' ;PE 0280 rl' 5:55-': r':' 5-"__141 0221
Suprathac ,E' '_ff__]. ,l _41:5.& 0024 ,':' ;?':‘: ,':' 3 ,l‘p: 0.890
o 0416 0468 . 1251 0043 .
Subscapular 04 04 0493 038 0 0278
Subscapular Triceps ,D ii‘% ,ﬂ ;,: _f, 0.633 ,D 9;':3 ,D ?é." - 0.714
-0.084 -0.407 -1.23%8 -0u507 o
Thugh (0.472) (0443} o (0544 (0.554) 2ty
T 0253 -0.015 = 043 0.4509 -
Calf e 0.796 N 0474
Circumferences
Am ais 0.287 s e 0.697
rois -0.674 -1368 -0.573
Waist it 0.168 naen e 0.310
: 0747 a5 -0372 0334 -
Hip [0.384) 0153 [0.852) [0.557) 0893
-0.33 . -0u039 0166
Thigh :,:,m: 0.642 pin e 0.080
Other indices
-0.708 -0.789 -1.532 -0.55%
B I (037 o122 @I () 0158
. ) -0.510 -0.183 -1212 -0.437 o
W-Hp ratio 035 037 0411 T 081 0427
e 0837 0504 1187 0234 .
W-Ht ratio 0378) (0355 0.0z (0.65%) 0 0,087

Anabyzes were performed after adjustment for age, sexmal maturation and socioeconomic stams. 1T
refars to 1% terile; 2T, 2™ tertile; BMI, body mass index; W, waist; Hp, hip; Ht, height.
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BOYS

(n=265)
28

B B B B B B B B B B B B B B

oq | 1859 1886 1590 -1494  -1625  -1.528 -1479 <1444 1400  -1.272  -1.106  -1.028  -0.658  -0.441
0.364) | (0.383) | 0384 | 0.399) | 0398 | 0385 | (0.380) | 0396 | ©.390) | 0387 | 0384 | (0389 | (0412 | ©.412)

B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 i B2

204 -0404 | -1.005 | -L.114 | -1251 | -0.803 | -0.815 0.521 | -0.972 | -0.660 | -0.643 | -0.312 | -0.763 | -0.038 | -0.480
= 0,376) | (0,362) | (0.371) | (0,362) | (0372 | (0.400) | (0,387) | (0,369 | (©.375) | (0,398) | (0.403) | (0419 | (0,376~ (0389
é P P P P P P P P P P P P P P
o 161 <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.001 0.001 0.001 0.002 0.005 0.014 0.028 | 022 0.414
o

s

8 121

©

>

Z ﬂlﬂhlﬂmﬂlm

Supr = Arm ' BMI ' Thigh ' Hip ' Thigh' Sub = Waist' W:Ht = Tric = Bicip ' Calf 'Sub:Tric W:Hp
ST C C C ST ST C ST ST ST

GIRLS
(n=259)28 i
B B B B B B B B B B [if B B B

-0.955 -1.327 -1.379 -1.193 -1.196 -1.059 -1.286 -0.858 -0.954 -0.808 -0.6977  -0.713 -0.331 -0.566
24 - (0.408) (0.380) (0.407) (0.405) (0.388) (0.380) (0.407) , (0.407) (0.390) 0.411) (0.397) 0.421) | (0.374) (0.399)

B2 B2 B2 B2 B2 B2 B2 B2 B2 173 B> B2 B2 B2

-0.460 -1.178 -0.872 -1.117 -0.955 -1.054 -0.743 -1.069 -0.393 -0.776 -0.647 -0.571- | 0.388 -0.435

20 1 (0,390) (0,37 (0,393) (0,369) (0,385) (0,386) 0,401) 0,377) 0,402) 0,372) (0,397) 0,396) | | (0,385) (0,398)
’\3 P P P P P P P P P P P P P P
< 16 <0.001 0.00 0.003 0.003 0.00 0.008 0.008 0.015 0.046 0.066 0.17)7 0.205 0.212 0.327
> 16 i
(%)
S
& 121
©
>

8 -

| h.:LLﬂ

0 i i 1 _Ei H - |

W:Ht Bicip Waist BMI Supr Sub W:Hp Hip ' Tric Thigh Thigh Calf 'Sub:Tric Arm
ST (@ ST ST C ST C ST ST C

Figure 1. Multicollinear analysis and linear modelling showing associations between several
anthropometric measures and the lipid-related metabolic risk z-score in male and female
adolescents. The analyses were performed after adjustment for age, sexual maturation, and
economic status. Black columns refer to the lipid-related atherogenesis risk score’s variance
explained by different anthropometric variables. White columns refer to the proportion of every
anthropometric measurement’s variance not accounted by the other anthropometric variables
(tolerance).

B, refers to B coefficient for 1% tertile, B, refers to B coefficient for 2™ tertile. P denotes the level
of significance for a trend among tertiles in every anthropometric measure.

W:Ht, waist-to-height ratio; W:Hp, waist-to-hip ratio; Sub:Tric, subscapular ST / tricipital ST
ratio; Supr, suprailiac; Sub, subscapular; Bicip, bicipital; Tric, tricipital; BMI, body mass index;
ST, skinfold thickness; C, circumference.
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4 aerobic fitness and common apolipoprotein gene variants

4.

Aerobic fithess and common apolipoprotein ge-

ne variants on metabolic and immune outcomes

In the previous section of this PhD Thesis we underscore the importance of aerobic physical
fitness and body composition to keep a healthy lipid-related metabolic profile in
adolescents. However, interrelations with common apolipoprotein gene variants or immune
outcomes (well known mediators of lipid disturbances and cardiovascular risk) were not

studied. We study these interrelations in this section.

What is already known on this topic

Common apolipoprotein variants of APOC3 and APOE genes
influence lipid-related metabolic traits. However, to our
knowledge there are no studies analysing possible interactions
between these genes and physical fitness in relation to lipid-

related metabolic traits in adolescents.

Several studies in adolescents have assessed complex
relationships between fitness, fatness and inflammation.
However, there are no studies in this population analysing
possible interactions with common apolipoprotein gene

variants.

What this PhD Thesis adds

We provide genotype-dependent aerobic physical fitness
levels associated to a favourable lipid-related metabolic

profile in adolescents.

We suggest that cytokine production in mitogen-stimulated
peripheral blood mononuclear cells is modulated by APOC3
Sstl polymorphism and is inversely related to lipid
cardiovascular risk in adolescents, regardless physical fitness

or weight status.
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This section comprises two studies analysing interrelations of aerobic physical fitness,
anthropometric measurements and common apolipoprotein gene variants in relation to

lipid- and immune-related metabolic traits:

Niveles minimos de capacidad aerdbica asociados a bajo riesgo lipidico-
metabolico en adolescentes en funcion del perfil genético de

apoproteinas

[Aerobic fithess standards related to low metabolic risk in adolescents

according to apolipoprotein gene variants]

MESA JL, GONZALEZ-LAMUNO D, Ruiz JR, ORTEGA FB, CARRENO F, GUTIERREZ A, CASTILLO MJ, GARCIA-

FUENTES M. Rev Esp Cardiol 2006 (submitted).

Cytokine production in mitogen-stimulated peripheral blood mononuclear
cells is modulated by APOC3 Sstl polymorphism and is inversely related to

lipid cardiovascular risk in adolescents

MESA JL, WARNBERG J, Ruiz JR, ORTEGA F, GUTIERREZ A, MARCOS A, CASTILLO MJ. (Manuscript).

Studies conducted at the Department of Medical Physiology, School of Medicine, University
of Granada, 18071 Spain

These studies were supported by the Spanish Ministry of Health, FEDER-FSE funds (00/0015), CSD

grants 05/UPB32/01 and 09/UPB31/03, the Spanish Ministry of Education (AP2002-2920, AP2003-
2128, AP2004-2745), and grants from Panrico S.A., Madaus S.A. and Procter & Gamble S.A.
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4.1. [Aerobic fithess standards related to low metabolic risk in

adolescents according to apolipoprotein gene variants]

RESUMEN

Introduccion y Objetivos: Determinar los niveles minimos de capacidad aerdbica asociados a un
bajo riesgo lipidico-metabdlico en adolescentes, considerando polimorfismos de los genes APOC3
y APOE.

Métodos: Los sujetos utilizados pertenecieron al estudio transversal multicéntrico AVENA. La
capacidad aerdbica se determind en 2090 adolescentes mediante el test de Course Navette. Se
calculé un indice de riesgo lipidico-metabélico (definido por los niveles plasmaticos de glucemia,
triglicéridos, cLDL, cHDL e indice de masa corporal) en 470 de los anteriores sujetos. Finalmente,
420 de los anteriores sujetos se caracterizaron para polimorfismos comunes de los genes APOC3

(alelos S1y S2) y APOE (alelos €2, €3 y €4).

Resultados: La capacidad aerébica se relaciond con el indice de riesgo lipidico-metabélico tanto
en ninos (p<0.001) como en nifas (p=0.012), tras ajustar por edad y maduracién sexual. Al
tener en cuenta variantes genéticas, y tras ajustar por género, edad y maduracién sexual,
diferentes relaciones (p<0.05) entre capacidad aerébica y nivel de riesgo lipidico-metabdlico
fueron obtenidas para cada variante genética, excepto para los portadores del alelo €2 de APOE.
Los portadores del alelo S2 del gen APOCS3 o del alelo €4 de APOE (en total 33% de la poblacién
analizada) debian tener mayor capacidad aerdbica para presentar el mismo indice de riesgo

lipidico-metabdlico que los portadores de los genes APOC3 S1/S1 0 APOE £3/¢3.

Conclusiones: El presente estudio sugiere que la capacidad aerdbica necesaria en adolescentes
para presentar un bajo riesgo lipidico-metabdlico debe de ser individualizada en funcién de

aspectos genéticos.

Palabras clave: Ejercicio — Lipidos — Genética
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SUMMARY

Introduction and aims: This study aimed to set minimal aerobic standards associated to low

lipid-metabolic risk in adolescents, according to common variants in APOC3 and APOE genes.

Methods: All participants in this study were recruited from the multicenter cross-sectional
AVENA study. Cardio-respiratory fitness was determined in 2090 adolescents by using the
Course-Navette test. A lipid-metabolic risk score was computed in 470 subjects from glycaemia,
plasma triglycerides, LDLc, HDLc, and body mass index. Finally, 420 subjects were genotyped for
common polymorphisms in APOC3 (S1/S2) and APOE (2, €3, €4) genes.

Results: After adjustment for age and sexual maturation, cardio-respiratory fitness was related
to the lipid-metabolic risk score in boys (p<0.001) and girls (p=0.012). After adjustment for
gender, age, and sexual maturation, genotype-dependent associations between cardio-respiratory
fitness and lipid-metabolic risk were found for all genetic variants (p<0.05), except for the APOE
g2 carriers. APOC3 S2 or APOE ¢4 carriers (33% of population analysed) should keep a higher
cardio-respiratory fitness to present the same lipid-metabolic status than carriers of wild type

genotypes APOC3 S1/S1 or APOE €3/€3.

Conclusions: Our data suggest that the required cardio-respiratory fitness levels to present a
low lipid-metabolic risk in adolescents should be set according to common apolipoprotein genetic

variants.

Key words: Exercise — Lipids — Genetics
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4.1.1. Infroduccién

La enfermedad cardiovascular es la primera causa de muerte en paises desarrollados.'
Aunque las manifestaciones clinicas de la enfermedad cardiovascular ocurren durante la
edad adulta, los procesos fisioldgicos que la originan comienzan durante la infancia y
adolescencia.?® Es por ello que la prevencién de enfermedades metabdlicas y

cardiovasculares debe empezar durante la infancia y la adolescencia.*

El ejercicio fisico aerébico, practicado regularmente, estd considerado como una de las
mejores estrategias para prevenir el desarrollo de enfermedad cardiovascular. De hecho, un
bajo nivel de capacidad aerdbica es un factor de riesgo y potente predictor de morbilidad y
mortalidad por todas las causas en general y por causas cardiovasculares en particular.>®
Debido a que los procesos fisiolégicos desencadenantes de enfermedades metabdlicas y
cardiovasculares futuras comienzan en la infancia y adolescencia, el ejercicio fisico aerébico
como medida preventiva e incluso terapéutica deberia empezar a realizarse durante dichas
etapas. La celeridad en la aplicaciéon de programas globales de ejercicio fisico para la
poblacién infantil y adolescente urge atin mas tras haberse constatado durante los dltimos
anos un incremento en la incidencia de obesidad y riesgo de enfermedades cardiovasculares
y metabdlicas en dichas poblaciones.”® Espafia no es ajena a esta tendencia, siendo
actualmente uno de los paises europeos con mayor prevalencia de sobrepeso y obesidad en
adolescentes'® y el segundo de Europa con mayor incidencia de sobrepeso infantil.'" Esto
implica de manera ineludible un mayor riesgo metabdlico-cardiovascular y mayor incidencia

de dichas enfermedades en un futuro préximo.

Nuestro grupo de investigacion ha caracterizado recientemente la capacidad aerdbica en la
poblacién adolescente espanola'? y ha propuesto los niveles de capacidad aerébica
requeridos en adolescentes para presentar bajo riesgo lipidico-metabdlico (Mesa et al., datos
no publicados). Estudios recientes han mostrado que factores ambientales (actividad fisica y
nutricién) interactian con factores genéticos (principalmente los genes APOC3 y APOE) en
relaciéon al riesgo metabdlico y cardiovascular en adultos.'!* Concretamente, dichas
interacciones son producidas con las isoformas €2, €3 y ¢4 del gen APOE' y el polimorfismo
Sstl del gen APOC3 (que resulta de la transversién entre una base de guanina y otra de
citosina en la regién no codificadora del gen APOC3, originando los alelos S1 y S2). Estos
estudios sugieren que el efecto de dichas variantes genéticas puede ser modulado por
factores externos, tales como nutricién y actividad fisica. Dicha modulacién podria venir
ocurriendo desde etapas tempranas de la vida. En este sentido, mas importante que la
actividad fisica seria su repercusion sobre el estado de forma fisica, tal y como se refleja con

la capacidad aerébica.'?

68



4 aerobic fitness and common apolipoprotein gene variants

En la actualidad no existen estudios analizando interacciones genéticas con capacidad
aerdbica en la etapa de la adolescencia. Dada la importancia de la etapa adolescente en
cuanto a riesgo cardiovascular futuro, una precisa y correcta individualizacién (en funcién
del genotipo individual) de la prescripcién de ejercicio fisico en dicha etapa es crucial. Por
tanto, los objetivos de este trabajo de investigacién son 1) determinar las interacciones
existentes entre capacidad aerdbica y los genes APOC3 y APOE en adolescentes en relacién
al riesgo lipidico-metabdlico y 2) proponer los niveles requeridos de capacidad aerébica en
adolescentes, en funcién de variables genéticas, para presentar un bajo nivel de riesgo

lipidico-metabdlico.

4.1.2. Métodos

Sujetos

El presente trabajo de investigacion fue realizado bajo el contexto del estudio AVENA, un
estudio multicéntrico transversal realizado en cinco diferentes dreas geograficas de Espafa
(Granada, Murcia, Madrid, Zaragoza y Santander) con objeto de evaluar la patogénesis de la
obesidad y enfermedades metabdlico-cardiovasculares asociadas en adolescentes. La
metodologia completa del estudio puede ser consultada en previas publicaciones.'>®
Brevemente, 2851 adolescentes espafoles (1354 nifios y 1497 nifias) de entre 13 y 18 afios
fueron seleccionados mediante muestreo polietapico, aleatorio y estratificado por: 1)
procedencia (Granada, Madrid, Santander, Zaragoza y Murcia); 2) condiciones socio-
econémicas (en base a la localizacion del centro educativo, informacién aportada por las
diferentes Consejerias de Educacion autondmicas); 3) sexo y edad. Se establecieron los
siguientes criterios de exclusién: diagndstico clinico de diabetes, embarazo, abuso de
alcohol o drogas y en general patologias que no estén relacionadas directamente con la
nutricién. La exclusién efectiva del estudio se aplicé a posteriori, sin conocimiento por parte
de los alumnos. Los padres y supervisores de los alumnos fueron debidamente informados
sobre la naturaleza y propdsito del estudio, dando su consentimiento informado. EIl
protocolo del estudio fue realizado conforme a los estandares éticos de la Declaracién de
Helsinki de 1975 (revisada en Edinburgh en el afio 2000), y fue aprobado por el Comité de

Etica del Hospital Universitario Marqués de Valdecilla (Santander, Espafa).

Medicién de la capacidad aerdbica

La capacidad aerdbica fue medida mediante el test de Course Navette'” en 2090

adolescentes del estudio AVENA (Tabla 1). Su validez y fiabilidad para su uso con nifios y

69



4 aerobic fitness and common apolipoprotein gene variants

adolescentes ha sido ampliamente contrastada.'®?! Desde entonces, el test de Course
Navette ha sido ampliamente utilizado en colegios e institutos de todo el mundo para
evaluar la capacidad aerébica en ninos y adolescentes. El test consistié en recorrer de forma
incremental, ida y vuelta entre dos lineas separadas entre si 20 m. El ritmo de carrera fue
marcado por sefiales acusticas, comenzando a 8,5 km/h, y aumentando 0,5 km/h cada
minuto. El test finalizaba cuando el sujeto era incapaz de seguir el ritmo marcado durante
dos senales acusticas consecutivas. La puntuacion fue dada en paliers (cada palier equivale
a un minuto del test). Los sujetos fueron animados constantemente durante el test, y fueron
instruidos para abstenerse de realizar ejercicio fisico extenuante durante las 48 h previas al

mismo.

Analisis bioquimico

Con objeto de analizar el perfil lipidico de los adolescentes, y analizar sus posibles
relaciones con la capacidad aerdbica, los sujetos se sometieron a extracciones sanguineas al
menos 3 dias antes de la realizacién del test de Course Navette. En total, 470 muestras
sanguineas fueron obtenidas de adolescentes que ejecutaron el test de Course Navette
correctamente. Las extracciones sanguineas fueron realizadas en ayunas, entre las 8:00 y
las 9:00 a.m. Los sujetos fueron seleccionados aleatoriamente (segin edad, género,
localizacién geografica y nivel econdmico), y fueron avisados de no ingerir alcohol ni
realizar ejercicio fisico extenuante las 48 h previas a la extracciéon sanguinea. Las muestras
sanguineas fueron inmediatamente centrifugadas y el suero fue enviado refrigerado al

laboratorio central del estudio (Servicio de Bioquimica Clinica, Hospital Universitario Virgen

de las Nieves, Granada), donde todos los andlisis bioquimicos fueron realizados.

Los niveles de glucosa, triglicéridos, colesterol total (CT) y colesterol asociado a
lipoproteinas de alta densidad (cHDL) en plasma fueron analizados usando el analizador
Hitachi 911 (Roche Diagnostics, Indianapolis, Ind, USA). El colesterol asociado a
lipoproteinas de baja densidad (cLDL) fue calculado usando la férmula de Friedewald*
ajustada para los niveles de triglicéridos plasmaticos.”® La calidad de los ensayos

bioquimicos fue controlada por el Servicio Andaluz de Salud.

Analisis genético

Mediante técnicas habituales se procedié a la obtencién de ADN a partir de leucocitos de
muestras de sangre periférica y a su almacenamiento a -70° C hasta su posterior analisis. Se
procedié al genotipado para polimorfismos habituales de los genes APOE y APOC3 mediante
la técnica de Polymerase Chain Reaction (PCR) y posterior digestion especifica (Hha I'y Sstl,

respectivamente), seguida de electroforesis. Se determinaron las frecuencias alélicas para
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cada una de las isoformas S1, S2 de APOC3 y €2, €3 y ¢4 de APOE. El analisis genético se
realiz6 en 538 adolescentes, de los que 420 completaron satisfactoriamente el test de Course

Navette.

Determinacion del nivel de riesgo lipidico-metabdlico

Para analizar si la capacidad aerdbica estaba relacionada con el riesgo lipidico-metabdlico
en adolescentes, calculamos un indice de riesgo lipidico-metabdlico definido por los niveles
plasmaticos de glucemia, triglicéridos, cLDL, cHDL, y IMC. Cada una de estas variables fue
tipificada en funcidén del género y la edad, obteniendo una media O y desviacidn tipica 1
para cada una de las variables. Los valores tipificados de cHDL fueron multiplicados por -1,
de modo que para cada una de las variables, a mayor valor tipificado, mayor riesgo lipidico-
metabdlico. Semejantes indices han sido previamente utilizados en poblaciones similares** y

mejoran la potencia para detectar asociaciones.*®

El nivel de riesgo lipidico-metabdlico fue computado como la suma de las variables
anteriores, tipificadas. Por tanto, y por definicién, la media del indice de riesgo lipidico-
metabdlico fue 0. A mayor puntuacién en el indice, mayor riesgo lipidico-metabdlico
(valores mayores de O indican un incrementado riesgo). A menor puntuacién, menor riesgo

(valores menores de O indican un menor riesgo lipidico-metabdlico).

Determinacion de los niveles requeridos de capacidad aerdbica para prevenir riesgo

lipidico-metabélico

Las ecuaciones estimando el indice de riesgo lipidico-metabdlico en funcién de la capacidad
aerdbica tipificada fueron determinadas, para cada variante genética, mediante regresion
lineal simple ajustada por género, edad y maduracion sexual. Usando dichas ecuaciones, el
indice de capacidad aerdbica tipificado requerido fue calculado para satisfacer las
ecuaciones para un indice de riesgo lipidico-metabdlico = 0. Posteriormente, dicho indice de
capacidad aerébica fue des-tipificado para cada género y edad, teniendo en cuenta la media
y desviacién tipica de capacidad aerdbica en cada grupo de edad y género. La férmula para
des-tipificar y calcular la capacidad aerdbica requerida fue: capacidad aerdbica requerida
(paliers) = media + (Z x SD), donde Z es el indice de capacidad aerdbica tipificada
requerida tras resolver las ecuaciones, media es la media del test de Course Navette
(expresado en paliers) para cada grupo de edad y género, y SD es la correspondiente

desviacién tipica.

Analisis estadistico
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Las diferencias inter-grupos segtin el género fueron analizadas mediante el test de Student
(en muestras con distribucién normal) o el test de Mann Whitney (en muestras con
distribucién no normal). El modelo lineal general fue utilizado para analizar la relacion
entre el nivel de capacidad aerdbica y el indice de riesgo lipidico-metabdlico tanto en ninos
como en nifnas, tras ajustar por edad y maduracién sexual. Para calcular las ecuaciones
predictoras del indice de riesgo lipidico-metabdlico en funcién de la capacidad aerdbica
tipificada, se utilizé el método de regresion lineal para cada variante genética, ajustada por
género, edad y maduracién sexual. Los tests fueron considerados significativos al nivel

p<0,05.

4.1.3. Resultados

La capacidad aerébica fue mayor en nifios que en nifias (Figura 1). En el grupo estudiado,
tanto en ninos (p<0,001) como en ninas (p=0,012), la capacidad aerdbica se relaciond
inversamente con el nivel de riesgo lipidico-metabdlico utilizado, tras ajustar por edad y

maduracion sexual (Figura 2).

Con objeto de analizar las interacciones entre factores genéticos y capacidad aerdbica en
adolescentes, determinamos las ecuaciones y funciones de regresion lineal de las relaciones
entre capacidad aerébica y riesgo lipidico-metabdlico para diferentes variantes genéticas
(Figura 3). Dicho andlisis, que fue realizado en conjunto para nifios y nifias fue ajustado por
género, edad y maduracion sexual. Los datos sugieren que los adolescentes portadores de
los alelos S2 del gen APOC3 y ¢4 del gen APOE requieren mayores niveles de capacidad
aerébica para presentar un bajo riesgo lipidico-metabdlico (p<0,05). Sin embargo, los
portadores del alelo €2 del gen APOE no requieren ningun nivel especifico de capacidad
aerdbica, ya que presentaron niveles lipidico-metabdlico saludables independientemente de

la capacidad aerdbica que presentaban (Figura 3).

Con objeto de calcular los niveles minimos de capacidad aerdbica asociados a un bajo riesgo
lipidico-metabdlico, se usaron las ecuaciones predictoras de dicho riesgo en funcién de la
capacidad aerdbica, para cada variante genética. Los valores minimos se obtuvieron al
resolver dichas ecuaciones para obtener un nivel de riesgo lipidico-metabdlico = 0, y estan
expresados en la tabla 2. Como puede apreciarse, dichos niveles son mayores para los
portadores de los alelos S2 de APOC3 y ¢4 de APOE. De los 538 adolescentes evaluados
genéticamente, 175 (33%) eran portadores del alelo S2 de APOC3 o del alelo ¢4 de APOE.

Ello sugiere que el 33% de la poblacién analizada requeria de mayores niveles de capacidad

72



4 aerobic fitness and common apolipoprotein gene variants

aerdbica para presentar un bajo nivel de riesgo lipidico-metabdlico, en comparacién con los

portadores de los genes no mutados.

4.1.4. Discusion

El presente estudio es pionero en analizar interacciones entre capacidad aerdbica y
variantes genéticas en relacién a riesgo metabdlico-cardiovascular en adolescentes
espafioles. Ademas presentamos, en funcién de variables genéticas, los valores minimos
requeridos de capacidad aerébica asociados a un bajo riesgo lipidico-metabdlico. Dichos
valores estan expresados en paliers alcanzados en el sencillo y ampliamente usado (en
colegios e institutos) test de Course Navette, por lo que los datos del presente estudio
presentan una importante aplicacién prdctica para la prevencién de riesgo metabdlico-

cardiovascular desde la etapa adolescente.

Nuestros datos son transversales y, por tanto, no se pueden derivar de ellos relaciones
causales en cuanto al efecto de una elevada capacidad aerdbica sobre el riesgo metabdlico-
cardiovascular en adolescentes. No obstante, otros estudios transversales consolidan
nuestros resultados, mostrando una relacién inversa entre el nivel de capacidad aerdbica y
diferentes factores de riesgo cardiovascular durante la infancia y adolescencia.?*?® A ello
hay que anadir los hallazgos de estudios prospectivos que han establecido relaciones
causales entre capacidad aerdbica y riesgo cardiovascular>®*® Todos estos datos, tomados
en conjunto, sugieren que un incremento de la capacidad aerébica per se podria inducir a
una disminucién de riesgo cardiovascular. Basandose en esta relacién, nuestro grupo de
investigaciéon establecié, por vez primera, los valores minimos de capacidad aerdbica
asociados a un bajo riesgo lipidico-metabdlico en adolescentes'? (Mesa et al., datos no
publicados). Sin embargo, en dichos estudios no fueron contempladas variables genéticas

que si se han tenido en cuenta en el presente estudio.

Los polimorfismos SstI del gen APOC3 y la variante €4 del gen APOE son conocidos factores
de riesgo lipidico-cardiovascular.*®®' Es por ello que el presente estudio indica que los
portadores de dichas variantes genéticas deberian hacer mas ejercicio y alcanzar un mayor
grado de capacidad aerébica, en comparacién con los portadores de los genotipos no
mutados (APOC3 S1/S1 y APOE ¢3/e3). Nuestros datos también sugieren que incluso en
individuos genéticamente predispuestos a presentar riesgo metabdlico-cardiovascular, el
ejercicio fisico aerébico (realizado en mayor cantidad que en individuos con los genotipos
APOE y APOC3 no mutados) podria atenuar dicho riesgo. Estudios realizados en poblacién

adulta sugieren lo mismo y apoyan nuestros datos.**** Sin embargo, nuestro estudio
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deberia ser replicado por otros estudios transversales en adolescentes y futuros estudios de
intervencién realizados en adolescentes serian necesarios para clarificar los resultados
obtenidos en el presente trabajo. De hecho, recientes estudios de intervencién realizados en
adultos han mostrado que los efectos saludables del ejercicio fisico sobre el riesgo lipidico-
cardiovascular son modulados por el genotipo del gen APOE.** En relacién al genotipo del
gen APOC3, no existen estudios de intervencion — que conozcamos — que analicen las
interacciones entre APOC3 y ejercicio fisico sobre factores de riesgo cardiovascular. Es
preciso indicar que, dadas las miltiples interacciones que pueden existir entre otros genes>®
y que pueden enmascarar posibles asociaciones, futuros estudios deberian ir encaminados a
evaluar posibles interacciones entre actividad fisica en adolescentes y otros genes en

relacion al riesgo metabdlico-cardiovascular.

La proporcién de adolescentes portadores de los alelos S2 del gen APOC3 o €4 en el gen
APOEF fue del 33%. De ello se deduce que aproximadamente uno de cada tres adolescentes
espafoles puede estar precisando de una educacidn fisica especial, ya que sus genotipos
indican una mayor predisposicion hacia el riesgo metabdlico-cardiovascular, lo cual podria

ser compensado con una mayor capacidad aerdbica.

Este estudio da un paso adelante en cuanto a prevencién de enfermedades metabdlicas y
cardiovasculares, aportando y sugiriendo la individualizacién de programas de intervencién
en adolescentes basados en aspectos genéticos. Igualmente, el presente trabajo pone de
relieve la importancia de la actividad fisica incluso en individuos genéticamente
predispuestos a un mayor riesgo metabdlico-cardiovascular, en los que programas
especiales de actividad fisica podrian ser aplicados. Dicha prevencién deberia comenzar en
los colegios e institutos, ya que se encuentran en una posicion inmejorable para promover la

realizacion de actividad fisica en nifios y adolescentes.
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Tabla 1. Caracteristicas de los sujetos participantes en el estudio.

4 aerobic fitness and common apolipoprotein gene variants

Niiios

Ninas

(n=1034) (n=1056) P
Edad (afos) 15,4+/-1,3 15,4 +/- 1,3 NS
IMC (kg/m?) 21,7+/-3.5 21,5 +-33 NS
Capacidad aerdbica (paliers) 6,9 +/-2,7 4,0+/-1,9 <0,001
Analisis bioquimico (n=235) (n=235)
Triglicéridos (mg/dl) 71,4 +/- 31,4 65,8 +/-27,2 0,041
LDL colesterol (mg/dl) 92,0 +/- 24,0 98,8 +/-22.9 0,002
HDL colesterol (mg/dl) 50,7 +/-9,6 59,2 +/-11,6 <0,001
Glucosa (mg/dl) 95,4 +/- 8,8 91,3 +/- 8,3 <0,001
Analisis genético (n=273) (n=265)
APOE €2 alelo (%) 9,3 8,7 NS
APOE ¢€3/€3 (%) 70,9 72,7 NS
APOE €4 alelo (%) 19,8 18,6 NS
APOC3 S1/S1 (%) 83,3 81,8 NS
APOC3 S2 alelo (%) 16,7 18,2 NS

Valores expresados como media +/- desviacién tipica. IMC, indice de masa corporal; NS,

diferencias no significativas entre género.
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Tabla 2. Capacidad aerdbica necesaria para prevenir riesgo metabdlico-cardiovascular en

adolescentes, en funcién del género, edad, y variantes genéticas.

APOC3 APOE
S1 homocigotos S2 alelo €3 homocigotos €4 alelo

(82,8% de los (17,2% de los (72% de los (19,6% de los

adolescentes) adolescentes) adolescentes) adolescentes)
Nivios
(edad)
13-14 5,6 7,3 5,8 7,7
14-15 6,2 8,0 6,4 8,3
15-16 6,7 8,4 6,9 8,8
16-18 7,1 8,9 7,3 9,3
Ninas
(edad)
13-14 3,1 42 32 4.4
14-15 3,7 4.9 3.8 5,1
15-16 4.2 5,5 4.3 5,7
16-18 4,3 5.6 4.4 5,8

Los valores de capacidad aerdbica estan expresados en paliers del test Course Navette.
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6 - p<0,001

Nifias

Capacidad aerébica
(paliers en Course Navette)

13-14 14-15 15-16 16-17 17-18

Edad (afios)

Figura 1. Capacidad aerdbica (expresada en paliers de Course de Navette) en nifios (puntos
negros, n=1034) y nifias (puntos blancos, n=1056). Los valores estan expresados como

media (puntos) y desviacion tipica (barras de error).
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Figura 2. Relacién entre capacidad aerdbica tipificada (cuarteles) y riesgo metabdlico-
cardiovascular, tras ajustar por edad y maduracion sexual. Tanto en nifios (P<0,001) como
en ninas (P=0,012), existi6 una asociacién significativa. Los valores estan expresados en

medias (barras) y error tipico (barras de error).
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APOC3
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Figura 3. Ecuaciones predictoras del indice de riesgo metabodlico-cardiovascular en funcién
de la capacidad aerébica tipificada, para cada variante genética. Todas las relaciones fueron

significativas (P<0,05), salvo para el alelo €2 del gen APOE.
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4.2. Cytokine production in mitogen-stimulated peripheral blood
mononuclear cells is modulated by APOC3 Sstl polymorphism and is

inversely related to lipid cardiovascular risk in adolescents

ABSTRACT

Aim: Firstly we tested whether a clustering of lipid-related cardiovascular risk factors in
adolescents is related to mitogen-stimulated cytokine production from peripheral blood
mononuclear cells (PBMCs). Secondly, we analysed any possible interaction of BMI,
cardiorespiratory fitness, and common polymorphisms in APOE and APOC3 genes on cytoKine

production from PBMCs.

Methods: Cardiorespiratory fitness, BMI, and a continuously distributed clustering of lipid-
related atherogenesis risk factors (calculated from LDL and HDL cholesterol, triglycerides,
glucose, lipoprotein(a) and apolipoprotein B-100) were measured in 470 adolescents (235 males,
235 females, 15.3+/-1.4 yr) from the cross-sectional multicentric AVENA study. In addition, in
vitro cytokine production (IFN-y, TNF-a, IL-2, IL-4, IL-6, and IL-10) was assessed in mitogen-
stimulated PBMCs. APOE and APOC3 genes were genotyped for common polymorphisms (g2, €3

and ¢4 alleles and S1 and S2 alleles respectively).

Results: After adjustment for confounding factors, a high lipid-related cardiovascular risk score
(4™ quartile), compared to lower risk level (2™ quartile), was significantly associated with low
levels of IL-6 (P=0.008) and IL-10 (P=0.002) production from mitogen-stimulated PBMCs.
Following the same pattern, a trend of significance was found for TNF-o (P=0.081). No effect of
weight status or cardiorespiratory fitness was observed on cytokine production in mitogen-
stimulated PBMCs. IFN-y, TNF-q, IL-2, IL-6 and IL-10 production from PBMCs was significantly
lower in carriers of the S2 allele of APOC3. These differences remained significant even after
adjustment for gender, age, sexual maturation, economic status, BMI, cardiorespiratory fitness,

and lipid-related cardiovascular risk factors.

Conclusions: We show that an elevated clustering of lipid-related cardiovascular risk factors in
adolescents is independently associated with an impaired mononuclear production of TNF-o, IL-
6, and IL-10 in response to mitogens. We also show a general cytokine hyporesponsiveness in
mitogen-stimulated PBMCs independently modulated by the APOC3 Sstl polymorphism in
adolescents, suggesting a novel link between the immune system and cardiovascular risk in

adolescents.

Key words: Immune system — Cardiovascular risk — Adolescents — APOC3
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4.2.1. Introduction

Paediatric and adolescent obesity represents an uncontrolled and increasing worldwide
epidemic (Ebbeling et al., 2002; Hedley et al., 2004; Moreno et al., 2005). Long-term health
complications in overweight children and adolescents include diabetes, atherosclerosis and
increased rates of cardiovascular diseases and mortality (Mossberg 1989; Must et al., 1992).
In fact, subtle metabolic abnormalities predisposing to atherosclerosis and diabetes are
already detected in overweight children and adolescents (Sinha et al., 2002; Weiss et al.,

2004).

Evidence suggests that inflammatory processes and the immune response may play an
important role in the early development of both cardiovascular disease and diabetes
(Greaves & Channon, 2002; Kolb & Mandrup-Poulsen, 2005). Given the uncontrolled and
increasing worldwide obesity epidemic and related metabolic disorders in children and
adolescents (Ebbeling et al., 2002; Hedley et al., 2004; Moreno et al., 2005), studies
analysing a possible role of the immune system on obesity-related metabolic disorders in

adolescents are warranted, but quite scarce.

In this study we examine the associations between in vitro immune response (measured by
cytokine production in mitogen-stimulated peripheral blood mononuclear cells (PBMCs)) and
a clustering of lipid-related cardiovascular risk factors in adolescents. The advantage of
examining the associations between immune response and lipid-related cardiovascular risk
factors in adolescents is that there is no confounding by acute coronary disease, as the

associations are established early in life.

Since weight status, cardiorespiratory fitness and common polymorphisms in APOE and
APOC3 genes may influence cardiovascular risk (Hallman et al., 1991; Talmud et al., 1997;
Boreham et al., 2001; Warnberg et al., 2004; Weiss et al., 2004), we also tested for possible
interactions of these variables with in vitro cytokine production from mitogen-stimulated

PBMCs in relation to lipid-related cardiovascular risk.

4.2.2. Methods

Study population

A total of 470 healthy Caucasian adolescents from five different geographic locations from

Spain took part in the study. Complete clinical, genetic, anthropometric, and
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cardiorespiratory fitness data were available for all participants. The subjects were all
participants in the AVENA Study (Gonzalez-Gross et al., 2003; Moreno et al., 2003), a
population-based cross-sectional multicentric study of the aetiology and pathogenesis of
obesity and related metabolic disorders. Parents and school supervisors were informed by a
letter about the nature and purpose of the study and they gave their written informed
consent. The study protocol was performed in accordance with the ethical standards laid
down in the 1975 Declaration of Helsinki, and approved by the Review Committee for
Research Involving Human Subjects of the Hospital Universitario Marqués de Valdecilla

(Santander, Spain).

Blood sampling and biochemical tests

Blood collection was carried out between 8:00 and 9:00 a.m., and after an 8-h overnight
fast. The subjects were selected randomly (according to age, sex, geographical location, and
economic status) and were instructed to abstain from alcoholic beverages for at least two
weeks before sampling and to refrain from vigorous exercise during the 48 h preceding
blood collection. Within one hour after collection, blood was centrifuged and aliquots of
sera were sent refrigerated to a central laboratory (Clinical Biochemistry Service, Granada
University Hospital) where all the clinical chemistry tests were performed within 24 hours
after collection. Plasma glucose, triglycerides and high density lipoprotein (HDL) cholesterol
were measured by enzymatic assay using a Hitachi 911 Analyzer (Roche Diagnostics,
Indianapolis, Ind, USA). For the HDL cholesterol assay, precipitation was done using
reagents provided by Boehringer (Ingelheim, Germany). LDL cholesterol was calculated with
the Friedewald formula (Friedewald et al., 1972) adjusted for plasma triglycerides levels
(Nakanishi et al., 2000). Apolipoprotein (apo) B-100 and lipoprotein(a) [Lp(a)] were
measured using a immunonephelometric assay on Array 306 system (Beckman GMI, Inc.,
Albertville, Minnesota, USA). Quality control of the assays was assured by the Regional

Health Authority, as is compulsory for all hospital clinical laboratories in Spain.

Genotyping

Genomic DNA was isolated form leukocytes of whole blood samples according to standard
procedures (Miller 1988). The extracted DNA was stored at -70°C until analysed. APOE
genotyping was performed by means of polymerase chain reaction (PCR), specific digestion
with Hhal (Promega), and electrophoresis in 12% acrylamida gel. Genotype characterization
for the polymorphic Ss¢/ (position 371) in the 3' untranslated region of the APOC3 gene was
performed by PCR, specific digestion of the amplified products with the restriction enzyme

Sstl (Promega), and electrophoresis in 2% agarose gel (Hixson et al., 1991).
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Cytokine production from peripheral blood mononuclear cells

Cytokine production was assessed in cultured mitogen-stimulated PBMCs. Mononuclear cells
were isolated from heparinized peripheral blood in Ficoll-Hypaque (Lymphoprep, Hyegaard,
Oslo, Norway) and washed twice in RPMI-1640 medium (BioWhittaker, Verviers, Belgium).
The PBMCs were resuspended in RPMI-1640 containing 10% fetal bovine serum and 1%
penicillin/streptomycin. The concentration was adjusted to 10° viable cells/ml and 1 ml of
cell suspension was incubated per well with mitogens, phytohemagglutinin (3.5 ml/ml) and
lipopolysaccharide (1.5 ml/ml), in 24-well plates for 48 h, at 37°C and 5% CO,. Following
incubation the cells were removed by centrifugation and supernatant stored at -80°C prior to
analysis. Cytokine content of the supernatant was assessed using the Human Th1/Th2
cytokine CBA II kit (BD Biosciences Pharmingen, San Diego, CA), and analyzed by flow
cytometry.

Body composition assessment

For anthropometric measurements, subjects were barefoot and in their underwear. Weight
was measured with a Seca scale (precision of 50 g), and height with incorporated
stadiometer to the scale (precision of 1 mm). Harmonization and standardization of
anthropometric measurements used to assess body composition within the AVENA
multicenter study was strictly controlled and has been previously published elsewhere
(Moreno et al., 2003, 2005). To establish the overweight (including obesity) and non-
overweight categories, we used the gender- and age-adjusted cut-off points provided by Cole
et al. (2000).

Cardiorespiratory fitness assessment

Cardiorespiratory fitness was measured by the progressive 20-m shuttle run test (Léger et
al., 1982). This test was validated for use in children about 20 years ago (van Mechelen et
al., 1986). Since then, it has been used in schools worldwide to assess aerobic physical
fitness in children and adolescents. This test required subjects to run back and forth
between two lines set 20 m apart. Running pace was determined by audio signals, emitted
from a pre-recorded cassette tape, the initial velocity being 8.5 km-h™', and increasing by 0.5
km-h' every minute (step). The tape used was calibrated over 1 min duration and the tape
machine was checked for accuracy prior to each test. Subjects were instructed to run in a
straight line, to pivot upon completing a shuttle and to pace themselves in accordance to the
time intervals. The test was finished when the subject failed to reach the end lines
concurrent with the audio signals on two consecutive occasions. Scoring was by steps

completed (precision of 0.5 steps). A constant level of encouragement was given to
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participants throughout the test. Subjects were instructed to abstain from strenuous

exercise over 48 h preceding the test.

Lipid-related cardiovascular risk score

To investigate whether the clustering of lipid-related cardiovacular risk factors was related
to body composition variables, we decided to compute a continuous risk score from the
following measurements: triglycerides, HDL cholesterol, LDL cholesterol, Lp(a), apo B-100
and glucose. For each of these variables, a Z score was computed as the number of SD units
from the sample mean after normalization of the variables, i.e., Z = ([value - mean]/SD).
The HDL cholesterol Z score was multiplied by -1 to indicate higher cardiovascular risk with
increasing value. The lipid-related atherogenesis risk score was the sum of the four Z
scores. The mean of this continuously distributed lipid-related cardiovascular risk score is

therefore zero by definition.

Statistical analysis

Inter-groups differences among gender were assessed by either the Student’s t test
(parametric variables) or Mann Whitney U test (non-parametric variables). Generalized
linear model analyses adjusted for confounding factors were used to assess the associations
between cytokine production from PBMCs and a lipid-related cardiovascular risk score. To
test the interaction between anthropometric variables, cardiorespiratory fitness, and genetic
polymorphisms on both cytokine production from PBMCs and the cardiovascular risk score,
further linear modelling was undertaken. The level of significance for all analyses was set at

P<0.05.

4.2.3. Results

A high lipid cardiovascular risk score was associated with low production of TNF-o, IL-6

and IL-10

By using general lineal model analysis adjusted for confounding factors, no significant
associations were found between the lipid-related cardiovascular risk score and the
production of IFN-y, IL-2, or IL-4 from mitogen-stimulated PBMCs. However, a high lipid-
related cardiovascular risk score (4™ quartile), compared to low levels (2" quartile), was
significantly associated with low levels of IL-6 (P=0.008) and IL-10 (P=0.002) production

from PBMCs (figure 1). In addition, and following the same pattern, a trend of significance
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was observed for TNF-o (P=0.081). These associations were found after adjustment for

gender, age, BMI, sexual maturation, and economic status.
No interaction with weight status or cardiorespiratory fitness

General lineal model analysis was used to assess any effect of weight status and
cardiorespiratory fitness on TNF, IL-6 and IL-10 production from PBMCs in relation to lipid
cardiovascular risk factors in adolescents. Overweight and non-overweight categories were
defined following the cut-off pints provided by Cole et al. (2000). Cardiorespiratory fitness
data were stratified above (fit) and below (unfit) the gender- and age-adjusted mean for
cardiorespiratory fitness. After adjustment for gender, age, sexual maturation and economic
status, no effect of weight status or cardiorespiratory fitness was observed on cytokine
production from PBMCs (figure 2). In addition, after adjustment for the same confounders,
no interaction of weight status or cardiorespiratory fitness on the relationship between

cytokine production and lipid cardiovascular risk factors was observed (figure 2).
APOC3 Sstl polymorphism modulates cytokine production_from PBMCs

Since APOE and APOC3 polymorphisms were reported to affect lipid cardiovascular risk
factors (Hallman et al., 1991; Talmud 1997), we assessed the effect of common APOE and
APOC3 polymorphisms in relation to both cytokine production and lipid cardiovascular risk
factors in adolescents. No interaction of APOE or APOC3 polymorphisms on cytokine
production from PBMCs in relation to lipid cardiovascular risk factors was found (figure 3).
However, an acute decrease in TNF (P=0.005), IL-6 (P=0.048) and IL-10 (P=0.132)
production from PBMCs was found in subjects carrying the S2 allele of APOCS (figure 2). In
order to explore whether such a decrease was also extended to other cytokines, we analysed
the effect of APOC3 Sstl polymorphism on the complete cytokine profile. Except for IL-4,
cytokine production from mitogen-stimulated PBMCs was significantly lower in carriers of
the S2 allele of APOC3 (table 2). The differences remained significant even after adjustment
for gender, age, sexual maturation, economic status, BMI, cardiorespiratory fitness, and

lipid-related cardiovascular risk factors (table 2).

4.2.4. Discussion

Examining associations between immune response and lipid-related cardiovascular risk
factors in adolescents avoids any confounding by acute coronary disease, as the
associations are established early in life. We report in this study that an elevated clustering

of lipid-related cardiovascular risk factors in adolescents is independently associated with
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an impaired production of TNF-a, IL-6, and IL-10 in mitogen-stimulated PBMCs. We also
show that this hyporesponsiveness is generalized to other cytokines in adolescents with the
APOC3 Sstl polymorphism, independently of confounders such as body weight,
cardiorespiratory fitness, and lipid-related cardiovascular risk factors, among others. Thus,
our data suggest a novel link between the immune system and cardiovascular risk

mediated, at least in part, by the APOC3 Sstl polymorphism.

These results are not surprising, as it is known that lipoprotein lipase (LPL) has differential
effects on several inflammatory pathways, and that inflammation plays an important role in
the pathogenesis of atherosclerosis. It is also well documented that LPL is able to modulate
tumour necrosis factor-alpha (TNF-alpha)- and interferon-gamma (IFN-gamma)-mediated
inflammatory cytokine signal transduction pathways in human endothelial cells. (Kota et
al., 2005). Apolipoprotein C-1II (apoC-1II), a major component of TG-rich lipoproteins, is an
inhibitor of LPL (McConathy et al., 1992). The Ss¢l polymorphism in the 3' untranslated
region of the APOC3 gene has been reported to be associated with TG levels in a number of
studies (Ordovas et al., 1991; Hoffer et al., 1998), but not in others (Kee et al., 1999), as has
been the case for LPL gene variations. Therefore, it appears that additional genetic and/or
environmental factors have an impact on the potential associations of these polymorphisms

depending on the ethnic-geographical origin of the studied population (Corella et al., 2002).

Elevated plasma levels of cytokines (especially TNF-o and IL-6) in patients with
cardiovascular disease, as well as in other obesity-related conditions, have been reported
(Lindmark et al., 2001; Lim et al., 2004). Plasma levels of TNF-a and IL-6 originate from
different sources, for example adipose tissue (Carey et al., 2004; Lappas et al., 2005), and
do not necessarily reflect the ability of the immune system to respond to mitogen or
infection stimuli in situ. On the contrary, an inefficient production of cytokines from the
mononuclear cells upon mitogen or infection stimuli apparently represents a significant
defect in the response of the immune system, and is likely to contribute to aberrations in
the course of inflammation in cardiovascular disease, diabetes, and other obesity-related

conditions.

Our data indicate for first time a decrease in TNF-a, IL-6 and IL-10 production from
mitogen-stimulated PBMCs in adolescents with a high lipid-related cardiovascular risk.
These cytokines are among the first cytokines released when the host encounters foreign
invaders. They play an important role in mediating innate immunity either alone or
collaborating with other cytokines. As a result, conditioning the body by elevating these
mediators of innate immunity prepares the body to combat diseases effectively. Thus, our

data suggest a defect in the functioning of the immune system in adolescents with a high
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lipid-related cardiovascular risk score. Our data are in agreement with other studies
showing that type 1 and type 2 diabetes, which are often accompanied with accelerated
atherosclerosis, are associated to altered cytokine production from PBMCs (Kretowski et al.,
2000; Zykova et al., 2000; Zykova et al., 2004) and whole blood (Pickup et al., 2000). The
same pattern has been observed in gastric cancer patients (Siedlar et al., 2005). The
hyporesponsiveness we observed in some individuals might be the result of the interaction
of some environmental factors, such as previous prolonged in vivo contact of subjects’
PBMCs with chemical mitogens or their products/derivatives. This is biologically plausible as
there is accumulating evidence indicating that infection may be linked to atherosclerotic
disease (Kol & Libby, 1998; Vita & Loscalzo, 2002) and blood lipid disturbances (Gidding et
al., 1998; Khovidhunkit et al., 2004) and regulation of endothelial LPL could play a central

role.

Although the true role of infection as a risk factor for atherosclerosis is unclear, several
known mechanisms may play at least a partial role in this process. One of the most likely
mechanisms involves lipopolysaccharides (LPS), which has been implicated in atherogenesis
and lipid disturbances (Levels et al., 2005). Future studies are needed to clarify whether the

hyporesponsiveness we observed here is due to chronically high blood LPS levels.

Various studies have suggested a close association of the S2 allele of the APOC3 gene with
lipid disturbances (Dammerman et al., 1993; Dallinga et al., 1997; Liu et al., 2004),
cardiovascular disease (Ferns et al., 1985; Chhabra et al., 2004), and impaired insulin
sensitivity (Salas et al., 1998; Pérez-Jiménez et al., 2002). Interestingly, we demonstrate
here a novel link in adolescents between the APOC3 Sstl polymorphism and PBMCs
hyporesponsiveness to mitogen stimulation in vitro, independently, among other
confounding factors, of lipid-related cardiovascular risk factors. Adjustment for this
confounding factor is important as triglyceride-containing lipoprotein binds and inactivates
LPS, thus reducing the stimulus for cytokine release (Miles, 1993). Thus, our data suggest
that adolescents carrying the S2 allele of APOC3 may be predisposed to a defect in the
functioning of the immune system that is likely to contribute to cardiovascular risk.
Nevertheless, caution must be exercised in this possibility and further studies are needed to
confirm our results. If confirmed, future studies would address the mechanisms by which

APOC3 may modulate cytokine response from PBMCs.
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Table 1. Characteristics of the study population.

4 aerobic fitness and common apolipoprotein gene variants

Males Females P
(n=235) (n=235)
Age (years) 152+/-14 152+/-14 0.839
BMI (kg/m?) 22.1 +/-4.0 21.6 +/-3.5 0.135
gi‘e‘;)dsi)"resl’im“’ry fitness  694/.27 4.0 +/-1.9 <0.001
Lipid profile
Triglycerides (mg/dl) 71.4+/-31.4 65.8 +/-27.2 0.041
LDL cholesterol (mg/dl) 92.0 +/-24.0 98.8 +/-22.9 0.002
HDL cholesterol (mg/dl) 50.7+/-9.6 59.2 +/-11.6 <0.001
Lipoprotein(a) (mg/dl) 30.5+/-36.1 32.1 +/-38.7 0.633
Apo B-100 (mg/dl) 66.5 +/- 14.4 70.4 +/-13.7 0.003
Glucose (mg/dl) 95.4 +/- 8.8 91.3+/-83 <0.001
Cytokine profile
In IFN-y (pg/ml) 94+/-1.3 92+/-1.2 0.095
In TNF-a (pg/ml) 7.5+/-0.9 7.4+/-0.8 0.267
In IL-2 (pg/ml) 51+4/-1.0 514/-1.0 0.812
In IL-4 (pg/ml) 4.14/-0.8 4.2 +/-0.8 0.198
In IL-6 (pg/ml) 10.2 +/- 0.9 10.3+/-0.9 0.214
In IL-10 (pg/ml) 6.2+/-1.0 6.2+/-0.9 0.612
Genetic profile
APOE €2 carriers (%) 9.6 8.2 NS
APOE €3/€3 (%) 70.0 73.6 NS
APOE &4 carriers (%) 20.4 18.2 NS
APOC3 S1/S1 (%) 83.3 81.8 NS
APOC3 S2 carriers (%) 16.7 18.2 NS

Data are presented as means +/- SDs. Inter-group differences among gender were assessed
by either the Student’s t test (parametric variables) or Mann Whitney U test (non-parametric

variables).
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Figure 1. Associations between low (2™ quartile, n=120) and high (4™ quartile, n=115) levels
of a lipid-related cardiovascular risk score and cytokine production from PBMCs in adolescents.
Data are presented as geometric means (bars) and SEMs (error bars) after adjustment for gender,

age, BMJ, sexual maturation, and economic status.

BMI is body mass index (kg/m?); PBMCs, peripheral blood mononuclear cells; SEM, standard
error of measurement.
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Figure 2. Effects of weigh status and cardiorespiratory fitness on the relationships between
cytokine production from PBMC and a lipid-related cardiovascular risk score (quartiles) in
adolescents (n=350), after adjustment for confounding factors. Overweight and non-overweight
categories were defined following the cut-off pints provided by Cole et al. (2000).
Cardiorespiratory fitness data were stratified above (fit) and below (unfit) the gender- and age-
adjusted mean for cardiorespiratory fitness. P, refers to the effect of weight status or
cardiorespiratory fitness on cytokine production from PBMC. P, refers to weight status or
cardiorespiratory fitness interaction with lipid-related cardiovascular risk factors in relation to
cytokine production from PBMC.
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Figure 3. Effects of APOC3 Sstl and APOE polymorphisms on the relationships between cytokine
production from PBMC and a lipid-related cardiovascular risk score (quartiles) in adolescents
(n=350), after adjustment for confounding factors. P, refers to the effect of APOC3 or APOE
polymorphisms on cytokine production from PBMC. P, refers to the interaction of APOC3 or APOE
polymorphisms with lipid-related cardiovascular risk factors in relation to cytokine production

from PBMC.
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5 general comments and conclusions

S.

omments and conclusions

In this PhD Thesis 4 important outcomes have been raised:

1) We set minimal levels of aerobic physical fitness associated to a favourable lipid

profile in male adolescents.

2) We demonstrate the usefulness of suprailiac skinfold thickness in males and waist-
to-height ratio in females as simple anthropometric measurements associated to an

overall lipid-related metabolic risk in adolescents.

3) We provide genotype-dependent aerobic physical fitness levels associated to a

favourable lipid-related metabolic profile in adolescents.

4) We suggest that cytokine production in mitogen-stimulated peripheral blood
mononuclear cells is modulated by APOC3 Sstl polymorphism and is inversely
related to lipid cardiovascular risk in adolescents, regardless physical fitness or

weight status.

These general results underscore the importance of physical fitness in the prevention of
obesity-related metabolic disorders and their interrelation with common gene variants on

lipid- and immune-related metabolic outcomes.

5.1. The importance of aerobic physical fitness

In this PhD Thesis we underscore the importance of aerobic physical fitness in relation to
lipid-related metabolic risk in adolescents. The findings of this PhD Thesis are in
concordance with a number of recent cross-sectional and prospective cohort studies
elegantly summarized (Ruiz et al., 2006). These studies suggest that high aerobic physical
fitness is associated with a healthier metabolic profile in children and adolescents and that
high cardiorespiratory fitness during these stages of life seems to provide more health

protection in adulthood.
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The protective effect of physical activity on total mortality,
lifc expectancy, cardiovascular discasc and diabcetes has
been widely reported in people of all ages (Strong et al.
2005; Jonker et al. 2006; Franco et al. 2005). Recent
estimates suggest that obesity and physical inactivity are
responsible for 400,000 deaths annually in the United
States: thus, it is close to overtaking tobacco as the leading
cause of preventable death (Mokdad et al. 2004).
Cardiorespiratory fitness is a direct marker of physio-
logical status and recent data suggest that fitness is one of
the strongest predictors of health outcomes (Myers et al.
2002: Mora et al. 2003). In fact, cardiorespiratory fitness is
a direct measure of physiological performance and of the
ability to adapt to physical stress. Physical activity and
cardiorespiratory fitness are closely related in that fitness is
partially determined by physical activity patterns over
recent weeks or months. Cardiorespiratory fitness is also
determined by constitutional factors. It has been suggested
that ~40% of variation in cardiorespiratory fitness is
attributable to genetic factors (Bouchard 1986).
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Low cardiorespiratory fitness may threaten, together
with the present obesity epidemic, to shorten life expec-
tancy over the next few decades (Olshansky et al. 2005).
Therefore, cardiorespiratory fitness has been suggested to
be included in the European Health Monitoring System for
the adult population (Sjéstrém et al. 2005). Ruiz et al.
(2006) suggested that cardiorespiratory fitness should also
be included in the health monitoring systems from the early
stages of life. The results from the Swedish and Estonian
part of the European Youth Heart Study (EYHS) revealed
negative associations between cardiorespiratory fitness and
features of metabolic syndrome in girls and boys aged 9-10
years (Ruiz et al. 2006). The findings are in concordance
with a number of recent cross-sectional and prospective
cohort studies elegantly summarized in the manuscript.
They suggest that high cardiorespiratory fitness is
associated with a healthier metabolic profile in children
and adolescents and that high cardiorespiratory fitness
during these stages of life seems to provide more health
protection in adulthood.

Similar results have been observed in a representative
sample of Spanish adolescents participating in the
“Alimentacion y Valoracion del Estado Nuftricional de los
Adolescentes” (AVENA) study (Gonzalez-Gross et al.
2003a; Moreno ct al. 2003). The AVENA study is a pop-
ulation-based cross-sectional survey conducted in five
different geographic arcas of Spain, addressing genetic and
environmental factors in relation to metabolic traits during
adolescence. Some interesting data regarding cardiore-
spiratory fitness and cardiovascular risk factors are being
obtained from this study.

First findings from the AVENA pilot study revealed a
negative association between body fat derived from the sum
of four skinfolds and cardiorespiratory fitness in both boys
and girls aged 13-18.5 years (Gonzalez-Gross ctal. 2003b).
After analyzing the total sample of participants (n=28359;
1357 boys, 1502 girls) we found that moderate to high
levels of cardiorespiratory fitness were associated with
lower abdominal adiposity (as measured by waist circum-
ference) in both genders (Ortega ct al. unpublished data).
This association remained after adjustment for age, pubertal
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maturation status and confounding factors (height, socio-
economic status, leisure time physical activity and active
commuting to school). Associations between increased
cardiorespiratory fitness and a favourable metabolic profile
in both overweight and non-overweight adolescents have
also been found, and the main outcome was that
cardiorespiratory fitness was an indicator of a favourable
metabolic profile in male adolescents (Mesa et al. 2003).

In addition, we have fixed the minimal required values
of cardiorespiratory fitness associated to a healthy lipid
profile in adolescents (Mesa et al. in press). We fixed these
values using the widely used Course Navette (shuttle run
test). Of note, 50% of the male population presented
cardiorespiratory fitness values below the standards we
fixed. Moreover, we have detailed the levels of cardior-
cspiratory fitness according to common apolipoprotein
genetic variants (Mesa et al. unpublished data). This study
emphasizes the importance of setting the required cardio-
respiratory fitness levels according to genetic variants
(Fig. 1). Future studies should address this issue, as the
phenotype is the result of the interaction of both genctic
and environmental factors.

3 4

[

Cardiorespiratory fitness
(quartiles)

On the basis of cardiorespiratory fitness (Ortega et al.
2005), approximately 20% of Spanish adolescents did not
achieve the health-related threshold values of cardio-
respiratory fitness (The Cooper Institute for Aerobics
Research 1999). These data together with those showing
increased body fat (Moreno et al. 2006) and impaired lipid
profile (Ruiz et al. in press) indicate that special attention
should be paid to this crucial period of life.

In summary, cardiorespiratory fitness is an important
health marker not only in adults but also in children and
adolescents. Therefore, it would be worthy to include
cardiorespiratory fitness assessment in a pan-European
health monitoring system from the carly stages of life.

Acknowledgements The AVENA study was funded by the Spanish
Ministry of Health, FEDER-FSE funds (FIS n® 00/0015), CSD
grants 05/UPB32/0, 109/UPB31/03 and 13/UPB20/04, the Spanish
Ministry of Education (AP2002-2920; AP2003-2128; AP-2004-
2745), and grants from Panrico S.A., Madaus S.A., and Procter and
Gamble S.A.

104



180

References

Bouchard C (1986) Genetics of aerobic power and capacity. In:
Malina RM, Bouchard C (eds) Sport and human genetics.
Human Kinetics, Champaign, IL

Franco OH, de Laet C, Peeters A, Jonker J, Mackenbach I,
Nusselder W (2005) Effects of physical activity on life
expectancy with cardiovascular disease. Arch Intern Med
165:2355-2360

Gonzalez-Gross M, Castillo MJ, Moreno L, Nova E, Gonzalez-
Lamuno D, Perez-Llamas F, Gutierrez A, Garaulet M, Joyanes
M, Leiva A, Marcos A (2003a) Feeding and assessment of
nutritional status of Spanish adolescents (AVENA Study).
Assessment of risks and intervention proposal (in Spanish).
Nutr Hosp 18:15-28

Gonzalez-Gross M, Ruiz JR, Moreno LA, De Rufino-Rivas P,
Garaulet M, Mesana MI, Gutierrez A, AVENA Group (2003b)
Body composition and physical performance of Spanish
adolescents: the AVENA pilot study. Acta Diabetol 40:
$299-S301

Jonker JT, De Laet C, Franco OH, Peeters A, Mackenbach J,
Nusselder W (2006) Physical activity and life expectancy with
and without diabetes: life table analysis of the Framingham
Heart Study. Diabetes Care 29:38-43

Mesa JLM, Ruiz JR, Gutierrez A, Gonzalez-Gross M, Moreno LA,
Perez-Prieto R, Hernandez JJ, Castillo M, the AVENA group
(2003) Does the present aerobic fitness in adolescents guarantee
cardiovascular health (abstract) Med Sci Sports Exerc 35(5):
S179

Mesa JL, Ruiz JR, Ortega FB, Wamberg J, Gonziles-Lamuiio D,
Moreno LA, Castillo MJ, the AVENA study group (2006)
Aerobic physical fimess in relation to blood lipids and fasting
glycaemia in adolescents. Influence of weight status. Nutr
Metab Cardiovasc Dis (in press)

Mokdad AH, Marks JS, Stroup DF, Gerberding JL (2004) Actual
causes of death in the United States, 2000. JAMA 291:
1238-1245

Mora S, Redberg RF, Cui Y, Whiteman MK, Flaws JA, Sharrett AR,
Blumenthal RS (2003) Ability of exercise testing to predict
cardiovascular and all-cause death in asymptomatic women: a
20-year follow-up of the Lipid Research Clinics Prevalence
Study. JAMA 290:1600-1607

5 general comments and conclusions

Moreno LA, Joyanes M, Mesana M1, Gonzalez-Gross M. Gil CM,
Sarria A, Gutierrez A, Garaulet M, Perez-Prieto R, Bueno M,
Marcos A, AVENA Study Group (2003) Harmonization of
anthropometric measurements for a multicenter nutrition survey
in Spanish adolescents. Nutrition 19:481-486

Moreno LA, Mesana MI, Gonzalez-Gross M, Gil CM, Fleta J,
Warnberg J, Ruiz JR, Sarria A, Marcos A, Bueno M (2006)
Anthropometric body fat composition reference wvalues in
Spanish adolescents. The AVENA Study. Eur J Clin Nutr
60:191-196 DOI 10.1038/sj.ejen. 1602285

Myers I, Prakash M, Froelicher V, Do D, Partington S, Atwood JE
(2002) Exercise capacity and mortality among men referred for
exercise testing. N Engl J Med 346:793-801

Olshansky SJ, Passaro DJ, Hershow RC, Layden J, Cames BA,
Brody J, Hayflick L, Butler RN, Allison DB, Ludwig DS
(2005) A potential decline in life expectancy in the United
States in the 21st century. N Engl J Med 352:1138-1145

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

Ruiz JR, Ortega FB, Meusel D, Harro M, Oja P, Sjostrom M (2006)
Cardiorespiratory fitness is associated with features of meta-
bolic risk factors in children. Should cardiorespiratory finess
be assessed in a European health monitoring system? The
European Youth Heart Study. J Public Health 14

Ruiz JR, Ortega FB, Moreno LA, Wamnberg J. Gutiérrez A,
Gonzalez-Gross, Cano MD, Gutiérrez A, Castillo MI (2006)
Reference values for serum lipids and lipoproteins in Spanish
adolescents. The AVENA study. Soz Praventivined (in press)

Sjostrom M, Poortvliet E, Nelson M (2005) Monitoring public
health nutrition in Europe: nutritional indicators and determi-
nants of health status. J Public Health 13:74-83

Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK,
Gutin B, Hergenroeder AC, Must A, Nixon PA, Pivarnik JM,
Rowland T, Trost S, Trudeau F (2005) Evidence based physical
activity for school-age youth. J Pediatr 146:732-737

The Cooper Institute for Aerobics Research (1999) FITNESS-
GRAM test administration manual. Human Kinetics, Cham-
paign, IL, pp 38-39

105



5 general comments and conclusions

5.2. Preventing overweight and obesity

We have identified in this PhD Thesis suprailiac skinfold thickness (in males) and waist-to-
height ratio (in females) were the best simple anthropometric estimators of a clustering of
lipid-related metabolic traits in a population of adolescents from Spain, mainly in non-
overweight individuals and regardless their cardiorespiratory status. These simple
measurements should be used for early identification and characterization of metabolic
complications in adolescents. In addition, we propose several actions to prevent the

childhood obesity epidemic.
What should mothers do?

It has been suggested that prenatal overnutrition might affect lifelong risk of obesity
(Whitaker & Dietz, 1998). Besides, intrauterine exposure to inhaled smoke products rather
than lifestyle factors associated with maternal smoking is an independent risk factor for
subsequent childhood obesity (von Kries et al., 2002). Therefore, prospective mothers
should adopt healthy nutritional habits and do not smoke (neither actively nor passively)
since before conception. Children who were bottle fed seem to be more at risk of obesity
later in childhood than those who were breast fed, after adjustment for socioeconomic

status, birthweight and sex (Armstrong & Reilly, 2002). Thus, babies should be breast fed.
Replacing television viewing for physical activity

Reducing television, videotape, and video game use may be a promising approach to
prevent childhood obesity (Robinson, 1999). Television viewing may promote weight gain
not only by displacing physical activity, but also by increasing energy intake. Children seem
to passively consume excessive amounts of energy-dense foods while watching television.
Additionally, television viewing including 30-second food commercials influence preschool
children’s food preferences (Borzekowski & Robinson, 2001). Unfortunately, most food
commercials aimed at children are for fast food, soft drinks, sweets, and sugar-sweetened
breakfast cereal. Thus, parents should limit their preschooler's exposure to television, and
replace it for physical activity, which has greatly diminished in technologically advanced,

car- driving, telecommuting nations.
What physical activity?

In a recent meta-analysis (Le Mura & Maziekas, 2002), when the data were partitioned by
exercise intensity, duration, mode, and intervention program, was found that a low exercise

intensity (60-65% maximal oxygen uptake; e.g., swimming walking, running or cycling
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moderately), a long exercise duration (>30 min), the combination of aerobic plus high-
repetition (8-12 repetitions) resistance exercise, and an intervention of exercise plus

behaviour modification resulted in the greatest decreases in percent body fat in children.

Attained the previous measures, the childhood obesity epidemic would be on the rack. In

order to checkmate it, other comprehensive actions by many sectors of society are needed:
Educators’ and health officials’ actions

1) Children spend great time at schools, so educators and teachers should instil healthy
habits in them. A good starting point could be to remove junk food commercials on school
television, soft-drinks machines, and educational materials sponsorships of soft-drink and
snack-food industries. Of course, governments should recompense schools for these actions.
2) Educators and health officials should advise parents to limit their children’s television
and video game utilization, and replace it for physical activity. Furthermore, they should
train parents in healthy habits of nutrition and exercise. 3) Health officials should support
several national or international no-TV or no-car/bus weeks per year. Additionally, they

should support walking, jogging, swimming or cycling weeks.
Urban development actions

Urban planners and architects should build communities in which walking and bicycling
are safe and convenient. For this, suitable sidewalks or bike paths would be needed.
Besides, cities, towns, and buildings could be designed to help people lead healthier lives
(e.g., making stairs and stairwells more accessible and attractive to use). Local
governments should build attractive facilities to entice young people to walk and jog more,

play tennis and basketball, and lift weights.
Government actions

1) Governments should counterbalance the food industry’s marketing effort. Junk food
should not be sold in schools, and fast food commercials should clearly state their
unhealthy properties. Chain restaurants and manufactures should list caloric contents on
menus and products, as well as put recognisable good-food symbols on products that meet
specific criteria. 2) Governments should launch mass-media campaigns to promote better
diets and more physical exercise for children, healthy habits for prospective mothers, and
basic knowledge on childhood obesity for parents. 3) It would be desirable to increase the
number of hours per week of physical education in schools and fund them to involve

children in routine physical activity.
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In order to develop effective comprehensive public policy response to the childhood obesity
epidemic, we must expand its psychological, physical and economic sequelae as well as its
treatment to society and politicians; otherwise, we and our children will live in an

overweight population, experiencing such sequelae.

5.3. Genes and physical fitness on lipid-related metabolic traits

We found genotype-dependent associations between apoprotein genes (APOC3 and APOE)
and physical fitness in relation to metabolic traits. Our data are biologically plausible, as
one intervention study (Hagberg et al., 1999) has reported a greater increase in HDL
cholesterol levels in APOE &2 carriers compared to carriers of the isoform 3 and ¢4 after a
9-month endurance exercise period. In addition, both cross-sectional and longitudinal
studies generally indicate that APO E2 and E3 individuals improve plasma lipoprotein-lipid

profiles more with exercise training than APO E4 individuals (Hagberg et al., 2000).

Regarding possible interrelations of the immune system in these associations, we found
that an elevated clustering of lipid-related cardiovascular risk factors in adolescents is
independently associated with an impaired mononuclear production of TNF-a, IL-6, and IL-10 in
response to mitogens. We also show a general cytokine hyporesponsiveness in mitogen-
stimulated PBMCs independently modulated by the APOC3 Sstl polymorphism in adolescents.
These associations were independent of weight or physical fitness status in adolescents. This
suggests that adolescents carrying the S2 allele of APOC3 may be predisposed to a defect in
the functioning of the immune system that is likely to contribute to cardiovascular risk.
These results, taken with caution, suggest a novel link between the immune system and

cardiovascular risk in adolescents.

Some methodological issues have to be taken into account when researching gene and
environment interactions in relation to metabolic traits. Observational studies of gene-
environment interactions are informative about the manner in which genetic variation
modifies the association between free-living lifestyle factors and disease. Thus, evidence
from observational studies is likely to be most important for understanding the level of risk
within a population that can be attributed to gene-environment interactions. However, to
determine causality and to ascertain whether treatment can be optimised by targeting
specific genetic subgroups requires randomised clinical trials (RCTs). To date, no RCT
designed specifically for the purpose of testing gene-environment interactions has been

reported.
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What this PhD Thesis adds

What is already known on this topic

There are studies showing associations between
physical fitness and lipid variables in adolescents.
However, to our knowledge there are no studies
providing minimal criterion standards of aerobic fitness
in adolescents associated to healthy lipid-related
metabolic variables.

BMI, waist circumference, and waist-to-height ratio
have been proposed as simple anthropometric measures
related to metabolic and cardiovascular risk factors in
children and adolescents. However, there are some
studies casting some doubts about the value of these
measurements to accurately explain lipid-related
metabolic variables.

Common apolipoprotein variants of APOC3 and APOE genes
influence lipid-related metabolic traits. However, to our
knowledge, there are no studies analysing possible interactions
between these genes and physical fitness in relation to lipid-

related metabolic traits in adolescents.

Several studies in adolescents have assessed complex
relationships between fitness, fatness and inflammation.
However, to our knowledge there are no studies in this
population analysing possible interactions with common

apolipoprotein gene variants.

We set minimal levels of aerobic physical fitness
associated to a favourable lipid profile in male
adolescents.

We demonstrate the usefulness of suprailiac skinfold
thickness in males and waist-to-height ratio in females
as simple anthropometric measurements associated to
an overall lipid-related metabolic risk in adolescents.

We provide genotype-dependent aerobic physical
fitness levels associated to a favourable lipid-related
metabolic profile in adolescents.

We suggest that cytokine production in mitogen-
stimulated peripheral blood mononuclear cells is
modulated by APOC3 Sstl polymorphism and is inversely
related to lipid cardiovascular risk in adolescents,
regardless physical fitness or weight status.
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annex

(Annex)

Potential novel physiological mechanisms underlying

exercise-induced beneficial metabolic effects

The importance of physical fitness and, hence, physical exercise, in relation to healthy
metabolic outcomes in adolescents was emphasized in the previous sections. In the annex of
this PhD Thesis we analyse possible and novel physiological mechanisms able to explain, at
least in part, the exercise-induced beneficial metabolic effects. We focuss on two molecules

widely studied over the last years: heat shock proteins (HSPs) and interleukin-6 (IL-6).

What is already known on this topic

Physical exercise can positively influence classical
cardiovascular risk factors such as diabetes, hypertension,

obesity, dyslipidemias, and endothelial dysfunction.

The physiological and molecular mechanisms are not fully
understood, although increased lipolysis, GLUT4 translocation,
and antioxidant capacity have been reported with physical

exercise.

What this PhD Thesis adds

We provide the possibility that exercise may induce beneficial
metabolic effects (mainly in glucose homeostasis) through
acutely and systemically increased heat shock proteins and

interleukin-6.
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A.1. Introduction

Heat shock proteins (HSPs) or stress proteins are a highly evolutionary conserved family of
polypeptides that are cytoprotective, protecting proteins, lipids, and nucleic acids from
damage by reducing oxidation, preventing apoptosis, suppressing proinflammatory
cytokines, repairing ion channels, and aiding in protein folding (Benjamin & McMillan,
1998). HSPs are low in individuals with type 2 diabetes, moderately low in the nondiabetic
identical twin with a diabetic co-twin, and low in individuals with type 1 diabetes (Kurucz et
al., 2002; Bruce et al., 2003). Furthermore, in a study comparing 5,600 genes of nondiabetic
subjects with those of insulin-resistant diabetic subjects, HSP70 was 1 of only 17 genes that
were markedly lower in individuals with diabetes (Patti et al., 2001). Importantly, a drug
designed to increase HSP expression, bimoclomol, improves diabetic retinopathy,
neuropathy, nephropathy, wound healing, cardiac ischemia, and insulin resistance in
laboratory diabetic animal models (Vigh et al., 1997; Kurthy et al., 2002). Finally, heat
therapy, via hot tub immersion, improves diabetic glycemic control and symptomatic
diabetic neuropathy in patients with type 2 diabetes (Hooper, 1997). These data suggest

that circulating HSPs may exert beneficial metabolic effects, mainly in glucose homeostasis.

In the annex of this PhD Thesis we firstly tested whether physical exercise increases plasma

HSP levels, and if so, whether glucose ingestion influences the HSP response.

It is well know that physical exercise increases plasma plasma and muscle interleukin-6 (IL-
6) levels (Ostrowski et al., 1998; Febbraio & Pedersen, 2002). However, the biological role of
this increase is unknown. In the annex of this PhD Thesis we secondly tested in vivo the

effects of IL-6 on glucose metabolism and insulin signalling pathways.

BENJAMIN IJ, MCMILLAN DR. Stress (heat shock) proteins: molecular chaperones in cardiovascular biology

and disease. Circ Res 1998; 83:117-132.

BRUCE CR, CAREY AL, HAWLEY JA, FEBBRAIO MA. Intramuscular Heat Shock Protein 72 and Heme Oxygenase-
1 mRNA Are Reduced in Patients With Type 2 Diabetes: Evidence That Insulin Resistance Is Associated

With a Disturbed Antioxidant Defense Mechanism. Diabetes 2003; 52:2338-2345.
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This section comprises two studies analysing the effect of physical exercise on circulating

heat shock proteins and testing a possible metabolic role of interleukin-6:

Glucose ingestion attenuates the exercise-induced increase in circulating
HSP72 and HSP60 in humans

FEBBRAIO MA, MESA JL, CHUNG J, STEENSBERG A, KELLER C, NIELSEN HB, KRUSTRUP P, OTT P, SECHER
NH, PEDERSEN BK. Published in Cell Stress & Chaperones 2004; 9: 390-396.

Prolonged interleukin-6 treatment improves glucose tolerance in vivo and

does not result in activation of the NF«[ signalling pathway

MESA JL, HOLMES AG, CAREY AL, CHUNG J, WATT MJ, FEBBRAIO MA. (Manuscript).

Studies conducted at the Cellular and Molecular Metabolism Laboratory, School of Medical

Sciences, Royal Melbourne Institute of Technology, Melbourne, Victoria 3083, Australia

These studies were supported by grants from The Danish National Research Foundation (504-
14), The Australian Research Council (DP0209570), and Eli Lilly.
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Glucose ingestion attenuates the
exercise-induced increase in
circulating heat shock protein 72 and
heat shock protein 60 in humans
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Abstract Heat shock protein (Hsp) 72 is a cytosolic stress protein that is highly inducible by several factors including
exercise. HspB0 is primarily mitochondrial in cellular location, plays a key role in the intracellular protein translocation
and cytoprotection, is increased in skeletal muscle by exercise, and is found in the peripheral circulation of healthy
humans. Glucose deprivation increases Hsp72 in cultured cells, whereas reduced glycogen availability elevates Hsp72
in contracting human skeletal muscle. To determine whether maintained blood glucose during exercise attenuates the
exercise-induced increase in intramuscular and circulating Hsp72 and Hsp60, 6 males performed 120 minutes of
semirecumbent cycling at ~65% maximal oxygen uptake on 2 occasions while ingesting either a 6.4% glucose (GLU)
or sweet placebo (CON) beverage throughout exercise. Muscle biopsies, obtained before and immediately after ex-
ercise, were analyzed for Hsp72 and HspB0 protein expression. Blood samples were simultaneously obtained from a
brachial artery, a femoral vein, and the hepatic vein before and during exercise for the analysis of serum Hsp72 and
Hsp60. Leg and hepatosplanchnic blood flow were measured to determine Hsp72-Hsp60 flux across these tissue beds.
Neither exercise nor glucose ingestion affected the Hsp72 or Hsp60 protein expression in, or their release from,
contracting skeletal muscle. Arterial serum Hsp72 increased (P < 0.05) throughout exercise in both trials but was
attenuated (P < 0.05) in GLU. This may have been in part because of the increased (P < 0.05) hepatosplanchnic
Hsp72 release in CON, being totally abolished (P << 0.05) in GLU. Serum Hsp60 increased (P < 0.05) after 60 minutes
of exercise in CON before returning to resting levels at 120 minutes. In contrast, no exercise-induced increase in serum
Hsp60 was observed in GLU. We detected neither hepatosplanchnic nor contracting limb Hsp60 release in either trial.
In conclusion, maintaining glucose availability during exercise attenuates the circulating Hsp response in healthy hu-
mans.

INTRODUCTION teins, as well as are essential to restore normal function
and provide protection from disrupted cell homeostasis
(Hartl 1996). The most abundant and widely studied fam-
ilies are the 60-kDa (Hsp60) and the 70-kDa (Hsp70) fam-
ilies (Bukau and Horwich 1998). Hsp60 is primarily mi-
tochondrial in cellular location, playing a key role in the
intracellular protein translocation and cytoprotection

Heat shock proteins (Hsps), highly conserved proteins
found in all prokaryotes and eukaryotes, are molecular
chaperones of naive, aberrantly folded, or mutated pro-
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Exercise results in an increase in serum concentration
of Hsp72 (Walsh et al 2001; Febbraio et al 2002a) in part
because of a release by the hepatosplanchnic viscera (Feb-
braio et al 2002a). During exercise, the rise in hepatic glu-
cose production is suppressed by glucose ingestion be-
cause the demand for glucose is met by the ingested car-
bohydrate (Jeukendrup et al 1999b). Hence, the metabolic
stress placed on the liver may be reduced under such
circumstances, ultimately resulting in a decreased hepa-
tosplanchnic Hsp72 release. Hsp60 has been found in the
circulation of healthy individuals (Pockley et al 1999;
Lewthwaite et al 2002), and the concentration of Hsp60
within the serum is associated with cardiovascular dis-
ease (Pockley et al 2000), high-density lipoprotein choles-
terol, and tumor necrosis factor-a (Lewthwaite et al 2002),
However, to our knowledge, no studies have examined
the effect of physical exercise on the circulating Hsp60
response, the potential sources of circulating Hsp60 or
whether glucose ingestion blunts this Hsp60 response.
Therefore, the primary aim of the present study was to
determine whether glucose ingestion would decrease the
exercise-induced increase in serum Hsp60 and Hsp72 lev-
els, and whether a reduction in hepatosplanchnic Hsp re-
lease may be responsible, in part, for any attenuation in
the Hsp response.

Physical exercise may induce an increase in both Hsp72
and Hsp60 protein expression in a variety of tissues and
mammalian species (Khassaf et al 2001; Kregel 2002). In-
terestingly, increased synthesis of glucose-regulated pro-
teins (members of the Hsp family of proteins) occurs in
Chinese hamster ovary cells deprived of glucose (Scian-
dra and Subjeck 1983). In addition, reduced glycogen
availability is associated with elevated Hsp72 messenger
ribonucleic acid (mRNA) and protein levels in contracting
human skeletal muscle (Febbraio et al 2002¢). It has been
previously shown that 2 hours of bicycle exercise can de-
plete muscle glycogen (Febbraio et al 2000b), and because
skeletal muscle glucose uptake and oxidation is increased
by glucose ingestion (Febbraio et al 2000b) potentially
sparing muscle glycogen use, another aim was to test the
hypothesis that glucose ingestion would be capable of at-
tenuating the exercise-induced increase in contracting
muscle Hsp expression by decreasing the reliance on in-
tramuscular glycogen.

MATERIALS AND METHODS
Subjects

Six healthy, active men (23.7 £ 6.3 years; 180 = 5 cm; 74.9
+ 8.8 kg; maximal oxygen uptake [VO,,..] = 406 £ 0.10
L/min; mean + SD) participated in the study, which was
approved by the Ethical Committee of the Copenhagen
and Frederiksberg Communities, Denmark, and per-
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formed according to the Declaration of Helsinki. Subjects
were informed about the possible risks and discomfort
involved before their written consent was obtained.

Preliminary testing

After the medical screening, each subject underwent a
VO,,.... test on a semirecumbent cycle ergometer. Semire-
cumbent cycling was chosen to allow for the determina-
tion of leg blood flow (LBF) using the thermodilution
technique during the experimental trials. From this test,
a workload was calculated, which would elicit ~65% of
each individual’s VO,_,.. At least 3 days after the VO,
test and 48 hours before the experimental trials, subjects
reported to the laboratory and completed 45 minutes of
upright cycling exercise at a workload corresponding to
65% of maximal heart rate. Thereafter, the subjects were
provided with food packages, which they consumed for
the next 2 days (15.6 MJ/day, ~70% CHO, 15% protein,
15% fat). During this period, the subjects were asked to
adhere to the diet and to refrain from strenuous exercise
and intake of alcohol, tobacco, and catfeine. This protocol
was adopted to minimize any differences in the metabolic
and hormonal status of the subjects (intersubject vari-
ability) before each trial.

Experimental procedures

Subjects participated in 2 experimental trials separated by
at least 10 days and conducted in random order. During
each trial, the subjects exercised on a semirecumbent cy-
cle ergometer for 120 minutes. They commenced exercise
for 5 minutes at 50% VO, and subsequently cycled for
115 minutes at —~65% VO, .. Trials were conducted in a
room maintained at 22°C, and a circulating fan was
placed in front of the subjects during exercise to mini-
mize thermal stress. Each trial was identical except that
in one trial (GLU) subjects ingested 250 mL of a 6.4%
carbohydrate beverage (Lucozade Sport; Glaxo Smith
Kline, UK) at the onset of and at 15 minutes intervals
throughout exercise, whereas in the other they consumed
an artificially flavored placebo (CON). On the day of each
experiment, the subjects reported to the laboratory at
0730 hours after a 12-14 hours overnight fast. They void-
ed, changed into appropriate exercise attire, and rested
in a supine position for 10 minutes.

A hepatic venous catheter was subsequently inserted
(Febbraio et al 2002a). During experiments on the first 3
subjects, the hepatic venous catheter was introduced via
the right median cubital vein and was guided with the
subject supine. The position of the catheter was confirmed
with fluoroscopy in the body position used during cy-
cling. To ensure that ventilation (V) did not displace the
catheter, the position was also confirmed after maximal
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voluntary V.. Despite these efforts, the catheter dislodged
during exercise in 2 of the 6 experiments, and therefore,
we could only obtain data in both trials for 1 subject.
Hence, we introduced the catheter via the right femoral
vein in the subsequent experiments in the 3 subjects, and
in these trials, the catheter remained in the hepatic vein.
As a result, data presented for hepatosplanchnic Hsp72-
Hsp60 flux are presented as n = 4. After this procedure,
a catheter was placed in the left brachial artery (1.0 mm
inner diameter; 20 gauge) and a third catheter (7 Fr di-
ameter Cook, Denmark) was inserted into the left femoral
vein ~1-2 cm distal to the inguinal ligament (Febbraio et
al 2002a). Hepatosplanchnic blood flow (HBF) and LBF
was measured at rest and at 60 and 120 minutes during
exercise using the indocyanine green dye and the con-
stant infusion thermodilution techniques, respectively
(Febbraio et al 2002a).

Immediately before exercise and at 60 and 120 minutes
during exercise, blood samples were simultaneously col-
lected from the brachial artery and the femoral and he-
patic veins for the measurement of Hsp72 and Hsp60 as
described previously (Febbraio et al 2002a). Muscle bi-
opsy samples were obtained from the vastus lateralis
muscle before and immediately after exercise and ana-
lyzed for Hsp72 (#EKS-700, Stressgen Biotechnologies,
Victoria, BC, Canada) and Hsp60 (#EKS-600, Stressgen
Biotechnologies) proteins by an enzyme-linked immuno-
sorbent assay using methods described in detail else-
where (Walsh et al 2001). Muscle glycogen was also mea-
sured by enzymatic analyses with fluorometric detection
as described previously (Febbraio et al 2002c). Care was
taken to sample muscle from different regions of the mus-
cle before and after exercise. We have demonstrated pre-
viously that this biopsy procedure does not result in in-
creased Hsp72 mRNA in noncontracting muscle (Feb-
braio et al 2002b).

Calculations and statistics

Net leg Hsp72 and Hsp60 balances were calculated by
multiplying the femoral vein-arterial Hsp72 and Hsp60
differences by the net LBE Similarly, the net hepatos-
planchnic Hsp72 and Hsp60 balances were calculated by
multiplying the hepatosplanchnic vein-arterial Hsp72 and
Hsp60 differences by the net HBE. Comparative data are
expressed as means = SEM. A 2-way (trial X time) anal-
ysis of variance with repeated measures on the time fac-
tor was used to compute the statistics (Statistica®, Tulsa,
OK, USA), for all measures. Significance was accepted
with a P value of =0.05. If analyses revealed a significant
interaction, a Newman-Keuls post hoc test was used to
locate specific differences.
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RESULTS

LBF increased (P < 0.05) from 0.54 = 0.07 and 0.56 =
0.06 L/min at rest to an average of 6.12 = 0.52 and 6.14
+ 0.38 L/min during exercise for CON and GLU, respec-
tively. HBF was neither affected by exercise nor glucose
ingestion averaging 1.26 * 0.18 and 1.29 * 0.20 L/min
for CON and GLU, respectively (1 = 4).

Glucose ingestion attenuates the exercise-induced
increase in circulating Hsp72 and Hsp60

The arterial serum Hsp72 response increased (P < 0.05)
throughout exercise in both GLU and CON; however, the
increase during the final 60 minutes of exercise was at-
tenuated (P < 0.05) in GLU (Fig 1). The large standard
error bars at 120 minutes of exercise when comparing
arterial serum Hsp72 values between trials was because
of a differential Hsp72 response between subjects rather
than between trials because all 6 subjects displayed mark-
edly lower concentrations at 120 minutes in GLU com-
pared with CON. As a result, the difference when com-
paring trials at this point was highly significant (P =
0.006). Arterial serum Hsp60 increased (P < 0.05) after
60 minutes of the control trial before returning to resting
levels at the end (120 minutes) of exertion. Such increase
was totally abolished with glucose ingestion (P < 0.05)
(Fig 2). The large standard error bars in arterial serum
Hsp60 values was because of a high intersubject vari-
ability in basal Hsp60 levels rather than different Hsp60
responses with exercise or treatment. In fact, all 6 subjects
displayed markedly lower concentrations at 60 minutes in
GLU compared with CON. As a result, the difference
when comparing trials at this point was highly significant

(P = 0.003).

The reduction with glucose ingestion of the exercise-
induced increase in circulating Hsp72 was because of
a blunting in hepatosplanchnic Hsp72 release

To test the hypothesis that the attenuation of the exercise-
induced increase in circulating Hsps by glucose ingestion
was because of a reduction in the hepatosplanchnic rather
than leg Hsps release, we calculated both leg and hepa-
tosplanchnic Hsps releases. There was no measurable leg
serum Hsp72 or Hsp60 release in either GLU or CON.
Although we were only able to analyze hepatosplanchnic
Hsp72 release from 4 subjects, hepatosplanchnic Hsp72
release was markedly attenuated in GLU compared with
CON in all subjects (Fig 1). Although we had a low sub-
ject number, statistical analyses revealed hepatosplanch-
nic Hsp72 release in CON (P < 0.05) but not in GLU.
Therefore, the attenuation of the exercise-induced increase
in circulating Hsp72 was in part because of the abolished
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hepatosplanchnic Hsp72 release with glucose ingestion.
We did not detect hepatosplanchnic Hsp60 release in ei-
ther trial (Fig 2).

Glucose ingestion does not affect intramuscular Hsp72
and Hsp60 protein expression or muscle glycogen use

Neither muscle Hsp72 nor Hsp60 protein expression was
aftected by exercise or glucose ingestion (Fig 3). Although
Hsp72 appeared elevated before exercise in GLU com-
pared with CON, this was largely because of the results
from 1 subject. Hence, even when the data from this sub-
ject were included, analysis by a paired f-test on the
preexercise data results was not significant (P = 0.13). Of
note, muscle Hsp72 expression was much higher than
Hsp60 protein expression. Muscle glycogen content was
reduced (P < 0.05) during exercise but was not different
when comparing GLU with CON either before or after
exercise (Fig 3).

DISCUSSION

The results from the present study demonstrate that glu-
cose ingestion during exercise attenuates the exercise-in-
duced increase in serum Hsp72 and Hsp60. However, 120
minutes of moderate intensity cycling does not affect the
Hsp72 or Hsp60 protein expression within contracting
skeletal muscle.

It has been reported that Hsp60 is expressed in the
serum of healthy and hypertensive subjects (Pockley et al
2002), with decreased values in aging (Rea et al 2001).
Interestingly, we report in this study that physical exer-
tion induces a small increase in circulating Hsp60 during
the first 60 minutes of submaximal exercise, returning to
basal values after 120 minutes of exercise. To our knowl-
edge, this is the first report that similar to Hsp72 (Walsh
et al 2001; Febbraio et al 2002a), Hsp60 is also induced in
humans during exercise. Of note, neither the contracting
limb nor the liver contributed to the increase in circulat-
ing Hspé60. It appeared that leg and hepatosplanchnic se-
rum Hsp60 release was higher in GLU at 60 minutes,
when arterial serum Hsp60 was lower (P < 0.05) at this
time point compared with CON. However, this was large-
ly because of the results from 1 subject, with all others
showing little if any change. This was contrary to the con-
sistently higher arterial serum Hspé60 displayed by all
subjects in CON compared with GLU. It is also notewor-
thy, that the absolute release of Hsp60 peaked at 4 ng/
min for the leg and 0.6 ng/min for the hepatosplanchnic
viscera, whereas the arterial concentrations ranged be-
tween 8 and 12 ng/mL (Fig 2). This is in contrast with
the Hsp72 data, where the peak hepatosplanchnic release
matched the arterial concentration more closely (Fig 1).
Hence, the data suggest that other tissues release Hsp60
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Fig 1. Artenal serum heat shock protein 72 (Hspr2) (top), leg
Hsp72 release (middle), and hepatosplanchnic Hsp72 release (bot-
tom) before (0 minute) and during 120 minutes of semirecumbent
cycling at —~65% of maximal oxygen uptake with the ingestion of a
placebo (CON, filled diamonds) or glucose (GLU, open squares)
beverage throughout exercise. * denotes difference when comparing
CON with GLU, T denotes main effect for time (P < 0.05) in CON.
Data expressed as mean = SEM (n = 6 for top and middle panel,
n = 4 for bottom panel).

in blood during the exercise. In this regard, it has been
reported that exercise induces Hsp60 expression in the
cytoplasm of leukocytes (Fehrenbach et al 2000), and that
hydrogen peroxide, a common oxidant induced by exer-
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Fig 2. Arterial serum heat shock protein 60 (Hsp60) (top), leg
Hsp60 release (middle), and hepatosplanchnic Hsp6G0 release (bot-
tom) before (0 minute) and during 120 minutes of semirecumbent
cycling at —65% of maximal oxygen uptake with the ingestion of a
placebo (CON, filled diamonds) or glucose (GLU, open sguares)
beverage throughout exercise. I denotes difference when compar-
ing CON with GLU. Data expressed as mean + SEM (n = 6 for top
and middle panel, n = 4 for bottom panel)

cise, leads to Hsp60 expression in lymphocytes (Khassaf
et al 2003). Furthermore, Hsp60 proteins have been found
at unexpected locations, such as the lymphocyte cell sur-
face (Soltys and Gupta 1996; Khan et al 1998), suggesting
the possibility that they may be released into the blood
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Fig 3. Heat shock protein (Hsp) 72 and Hsp60 in skeletal muscle
({top) and glycogen (bottom) obtained before (preexercise) and im-
mediately after 120 minutes of semirecumbent cycling at —65% of
maximal oxygen uptake with the ingestion of a placebo (CON, filled
bars) or glucose (GLU, open bars) beverage throughout exercise.
Data expressed as mean = SEM (n = 6).

(Soltys and Gupta 1999). Therefore, our data suggest that
rather than contracting muscle fibers or hepatocytes, oth-
er cells may contribute to the exercise-induced increase
in circulating Hsp60, which is quickly returned to basal
levels after 120 minutes of exercise, denoting a rapid
Hsp60 turnover.

We show that glucose ingestion attenuates the exercise-
induced increase in circulating Hsp60, suggesting that
Hspé60 is released into or expressed in the blood (by other
tissues than contracting limb or liver) in absence of ex-
ogenous glucose, when the hepatic glucose production is
increased (Jeukendrup et al 1999a). Whether there is any
causal relationship between liver glycogenolysis or glu-
coneogenesis (or both) and circulating Hsp60 remains to
be elucidated. Because fat oxidation is increased in ab-
sence of exogenous glucose (Coyle et al 1997; Angus et al
2000; Spriet and Watt 2003), another question to be an-
swered is whether there is any causal relationship be-
tween serum Hsp60 levels and fat oxidation. Further ex-
periments in isolated hepatocytes, myocytes, and adipo-
cytes are required to answer these questions.

It has recently been reported that stress such as phys-
ical trauma (Pittet et al 2002) and exercise (Walsh et al
2001; Febbraio et al 2002a) increases the serum levels of
Hsp72 in humans. Furthermore, during exercise, the he-
patosplanchnic viscera can account for part of this in-
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crease (Febbraio et al 2002a), whereas the contracting
limb does not contribute to the increase in circulating
Hsp72 (Febbraio et al 2002a, 2002c). The results from the
present study demonstrate that glucose ingestion can at-
tenuate the exercise-induced increase in arterial serum
Hsp72 (Fig 2). It appears that this is at least in part be-
cause of a reduction in hepatosplanchnic Hsp72 release.
Although we could only collect data in 4 subjects, all 4
demonstrated a total blunting in the hepatosplanchnic
Hsp72 release, making it clear that glucose ingestion
blunts this response. We are unable to provide a mecha-
nism for such an observation; however, it is possible that
the ingestion of glucose reduced hepatic stress because
hepatic glucose production during exercise is reduced to
basal levels when glucose is ingested (Jeukendrup et al
1999b). Further experiments in isolated hepatocytes are
required to provide a mechanism for our observations.

Although hepatosplanchnic serum Hsp72 was totally
attenuated in GLU, the arterial systemic Hsp72 was ele-
vated after 120 minutes of exercise (Fig 2). This indicates
that tissues other than the hepatosplanchnic viscera con-
tributed to the systemic increase in Hsp72 in this trial.
Campisi et al (2003) demonstrated that physical activity
increased the Hsp72 content in a number of tissues in-
cluding the brain, the liver, the heart, the spleen, and the
lymph nodes, albeit in a rodent model. In the present
study, Hsp72 must have been released from some of these
tissues giving rise to the elevated serum Hsp72 response
in the presence of a totally attenuated hepatosplanchnic
Hsp72 release in GLU. Indeed, we have recently demon-
strated that Hsp72 is released from the human brain dur-
ing 180 minutes of exercise (Lancaster et al 2004).

The observation of a failure for Hsp72 to be increased
immediately after an acute bout of exercise supports
some (Puntschart et al 1996, Walsh et al 2001) but not all
(Febbraio et al 2002¢) previous studies. Of note, in the
present and previous (Puntschart et al 1996, Walsh et al
2001) studies, the exercise duration ranged from 30 to 120
minutes. In contrast, in our study (Febbraio et al 2002¢)
showing that a single bout of exercise resulted in an in-
crease in Hsp72 protein expression, such a phenomenon
was only observed when exercise was performed for a
period of 4-5 hours in the presence of a lower than nor-
mal glycogen content at the onset of exercise. When ex-
ercise was performed for 4-5 hours with adequate preex-
ercise glycogen stores, no increase in Hsp72 protein was
observed (Febbraio et al 2002¢). Hence, it appears that
only in circumstances where the muscle cells are under
a great deal of metabolic stress for prolonged periods
does “nondamaging” exercise result in an acute increase
in Hsp72 expression.

To our knowledge, only 2 previous studies from the
same group (Khassaf et al 2001, 2003) have measured
Hsp60 in human skeletal muscle. In these studies, Hsp60
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was increased (Khassaf et al 2001) or unaffected (Khassaf
et al 2003) 2 days after exercise. In the present study, there
was no indication that exercise increased Hsp60 protein
expression immediately after exercise, irrespective of glu-
cose ingestion. However, we did observe a much lower
basal expression of Hsp60 protein compared with Hsp72.
This is not surprising because Hsp72 is cytosolically ex-
pressed, whereas Hsp60 resides in the mitochondria. We
cannot compare our results with those reported previ-
ously (Khassaf et al 2001, 2003) because in these previous
studies, the expression of each protein was expressed as
a percent change from basal. We were not surprised that
glucose ingestion did not affect intramuscular expression
of these stress proteins because in this study such a prac-
tice did not alter the rate of glycogen use in the contract-
ing muscle. As demonstrated previously, Hsp72 protein
expression is influenced by glycogen availability (Feb-
braio et al 2002c).

In summary, maintaining glucose availability during
exercise attenuates the circulating Hsp72-Hsp60 response
in healthy humans. The decrease in the Hsp72 systemic
response is probably at least in part because of a decrease
in the hepatosplanchnic Hsp72 release. Further studies
clarifying the role of Hsp72 and Hsp60 in glucose and fat
metabolism are warranted.
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A.3. Prolonged interleukin-6 treatment improves glucose tolerance /n

vivo and does not result in activation of the NF«[3 signalling pathway

ABSTRACT

Introduction: Cross-sectional studies have associated plasma IL-6 levels with type 2 diabetes,
cardiovascular disease, and obesity-related metabolic traits. Conversely, no causal relationships
have been published, and plasma IL-6 levels increase considerably after physical exercise, on of
the best measures to prevent metabolic complications. Therefore we tested whether IL-6
administration (both acute and chronic) has deleterious effects on insulin signalling and glucose

metabolism in rats.

Methods: Male wistar rats (250 g) were treated with saline (CON) or 2.4 ug daily of recombinant
rat IL-6 delivered by miniosmotic pump (CHRONIC) or twice daily injection (PHASIC) for 14 days.
Animals underwent intraperitoneal glucose tolerance (IPGTT; day 10) and insulin tolerance
(IPITT; day 13). On day 14 mice were treated with vehicle (Basal) or 300 ng insulin (INS) and

after 5 min muscle and liver tissue were excised and rapidly frozen.

Results: Both CHRONIC and PHASIC treatment markedly enhanced glucose tolerance compared
with CON (AUC 79 + 4 vs 83 + 9 vs 120 + 6 mM*min for CHRONIC, PHASIC and CON
respectively; P<0.05), in the presence of similar plasma insulin levels when comparing the three
treatments during the IPGTT. While not significant, insulin tolerance also showed a tendency for
improvement with [glucose] 30 min following treatment averaging 1.7 + 0.3 vs 1.5 £ 0.2 vs 2.0 +
0.2 mM for CHRONIC, PHASIC and CON respectively. Insulin treatment increased both liver and
muscle Akt (Ser*’®) and STAT3 (Tyr’®) phosphorylation, but the level of phosphorylation of these
proteins was not different when comparing treatments. Irrespective of mode of delivery, IL-6
treatment did not affect GLUT4, SOCS3, NFkf, p70 S6K total protein or phosphorylation of IKB-a

(Ser®?®y or mTOR (Ser***®) in either muscle or liver.

Conclusions: In summary, irrespective of mode of delivery, 14 days of treatment with IL-6 at 2.4
pg/d results in markedly improved glucose tolerance in healthy rats. This improvement is not,
however, associated with enhanced insulin signalling in muscle or liver. Furthermore, the
NF«f/IKK pathway is not activated by chronic administration of IL-6 in either liver or muscle

suggesting that IL-6, delivered at this dose, does not activate pro-inflammatory pathways.

Key words: Insulin signalling, glucose metabolism, interleukin-6
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A.3.1. Infroduction

Accumulating evidence suggest a link between inflammatory markets and metabolic
complications. Markers of inflammation, including C-reactive protein (CRP) and the
proinflammatory cytokines tumor necrosis factor-a (TNF-a), interleukin (IL)-1, interferon-y,
and IL-6 are elevated in patients with metabolic complications such as cardiovascular
disease or type 2 diabetes (Pickup et al., 1997; Pickup & Crook, 1998; Shiba et al., 1998;
Kern et al., 2001). Importantly, recent studies demonstrate that levels of CRP and IL-6
correlate with both insulin resistance and obesity and predict the development of type 2
diabetes and cardiovascular disease (Ridker et al., 2000; Pradhan et al., 2001, Spranger et
al., 2003; Bluher et al., 2005; Tzoulaki et al., 2005).

Paradoxically aerobic physical exercise, one of the best measures to prevent cardiovascular
disease and type 2 diabetes-related metabolic traits, increases acutely plasma and muscle

IL-6 levels (Ostrowski et al., 1998; Febbraio & Pedersen, 2002).

In a physiological context, IL-6 levels are maintained in a persistent, chronically elevated
state in cardiovascular disease and type 2 diabetes (Bluher et al., 2005; Tzoulaki et al.,
2005). However, after physical exercise, IL-6 is released acutely, in a phasic way. Therefore,
in order to clarify the role of IL-6, in the current study we have examined the effects of both
acute and chronic IL-6 exposure on insulin sensitivity and glucose metabolism in rats. To
mimic the constant elevated IL-6 of cardiovascular disease, type 2 diabetes and obesity, we
have used implantable osmotic pumps that deliver IL-6 continuously to rats over 14 days.
To mimic the exercise-induced IL-6, we injected rats with recombinant rat IL-6 daily, for 14
days. We have examined the impact of both chronic and phasic IL-6 exposure on glucose

metabolism, and on downstream insulin action in the liver and muscle.

A.3.2. Methods

Antibodies and reagents. Antiphosphotyrosine antibody (4G10), polyclonal rabbit anti-
p85, anti-phosphoAKT (Ser*’®), anti-phospho-mTOR (Ser***®), and anti-phospho IKB-a
(Ser*?*®y were purchased from Upstate Biotechnology (Lake Placid, NY). Anti-STAT3, anti-
phosphoSTAT3 (Tyr’®), and antibodies for GLUT4, SOCS3, NFkf, and p70 S6K were
purchased from Cell Signaling Technology (Beverly, MA). Recombinant rat IL-6 was
purchased from RDI systems (Flanders, NJ). All other chemicals were from Sigma except

where indicated differently.
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Animal use. Male Wistar rats (250 g) were used in all studies. The age of animals used in
the study ranged from 8-14 weeks. All animal procedures were in accordance with the
Royal Melbourne Institute of Technology animal care guidelines and approved by the animal

care and use committee.

Acute IL-6 treatments. Rats were intraperitoneally injected, twice (7am and 7pm) daily
with either 1.2 pg of recombinant rat IL-6 (Phasic group) or 1.2 ng of saline infusion

(Control group).

Chronic IL-6 treatments. For all experiments examining chronic IL-6 exposure, Alzet
osmotic pumps (model 2ML2; Durect, Cupertino, CA) with a 14-day pumping capacity and
an infusion rate of 0.1pug of IL-6 per hour were used. Pumps were filled to capacity with
either saline (Control group) or recombinant rat IL-6 diluted in carrier (0.9% NacCl and 0.1%
BSA) (Chronic group). Following induction of sodium pentobarbital general anesthesia,
pumps were implanted into the intrascapular subcutaneous space. Incisions were closed

with interrupted absorbable sutures.

Glucose tolerance test. A glucose tolerance test was conducted on day 10. Rats were
overnight fasted before test. Glucose (1.5 g/kg body weight) was intraperitoneally injected.
Blood glucose levels were determined at indicated intervals (5, 15, 30, 60, 90, and 120 min)
using an Accu-Chek (Roche Indianapolis, IN) glucose meter and test strips on tail bleeds of

awake rats.

Insulin tolerance test. Rats were overnight fasted before test. Insulin (Novagen, Madison,
WI) diluted in carrier (0.9% NacCl, 0.1% BSA) was injected intraperitoneally at 0.7 units/kg.
Blood glucose levels were determined at indicated intervals (5, 15, 30, 60, 90, and 120 min)
using an Accu-Chek (Roche Indianapolis, IN) glucose meter and test strips on tail bleeds of

awake rats.

Insulin treatment and tissue recovery. For liver/muscle comparisons, on day 14 rats were
treated intraperitoneally with vehicle (Basal group) or 300 ng of insulin. Liver and soleus

were harvested at 5 min after intraperitoneal injection and frozen in liquid N2 within 15 s.

Homogenization and preparation of extracts. Frozen liver and muscle were homogenized
in 16 volumes (weight/volume) (liver) or 10 volumes (muscle) of lysis buffer. Frozen tissues
were homogenized using the Brinkman PT 10/35 Polytron. Extracts were kept ice-cold at all

times. Extracts were cleared by microcentrifugation at 15,000¢ for 10 min at 4°C.

Immunoblotting. Total protein extracts were subjected to 10% SDS-PAGE, transferred to
PDF-membranes, and incubated with primary antibodies according to standard

immunoblotting procedures. Extracts were resolved by SDS-PAGE and transferred to
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nitrocellulose. Proteins were detected by immunoblotting and visualized using enhanced

chemiluminescence (Amersham-Pharmacia).
Statistics. Densitometric scanning was performed on a Gel Doc gel documentation

system (BioRad). Data were analyzed using Quantity One Software (BioRad). Statistical
analysis was performed using the Student’s ¢ test for independent samples. P<0.05 was

considered statistically significant

A.3.3. Results

All rats finished the experiments successfully, and no differences in weight among groups

were found.

Both Chronic and Phasic treatments markedly enhanced glucose tolerance compared with
controls (AUC 79 + 4 vs 83 + 9 vs 120 + 6 mM*min for Chronic, Phasic and controls
respectively; P<0.05), in the presence of similar plasma insulin levels when comparing the

three treatments during the glucose tolerance test (Figure 1).

While not significant, insulin tolerance also showed a tendency for improvement with
[glucose] 30 min following treatment averaging 1.7 £ 0.3 vs 1.5 + 0.2 vs 2.0 £ 0.2 mM for

Chronic, Phasic and controls respectively.

Insulin treatment increased both liver and muscle Akt (Ser*’?) and STAT3 (Tyr’®)
phosphorylation, but the level of phosphorylation of these proteins was not different when
comparing treatments (Figures 2, 3). Irrespective of mode of delivery, IL-6 treatment did not
affect GLUT4, SOCS3, NFkp, p70 S6K total protein (Figure 4, 5) or phosphorylation of IKB-a

(Ser*?®y or mTOR (Ser***®) in either muscle or liver (Figures 6, 7).

A.3.4. Discussion

Our data suggest that, irrespective of mode of delivery, 14 days of treatment with IL-6 at 2.4
pg/d results in markedly improved glucose tolerance in healthy rats. This improvement is
not, however, associated with enhanced insulin signalling in muscle or liver. Furthermore,
the NFkB/IKK pathway is not activated by chronic administration of IL-6 in either liver or
muscle suggesting that IL-6, delivered at this dose, does not activate pro-inflammatory

pathways.
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There is evidence showing associations between plasma IL-6 levels and risk of type 2
diabetes, cardiovascular disease, or related metabolic traits (Ridker et al., 2000; Pradhan et
al., 2001, Spranger et al., 2003; Bluher et al., 2005; Tzoulaki et al., 2005). These studies
apparently are contradictory with our data in the present study. Critically, however, there
are no studies providing any evidence that elevated IL-6 actually cause insulin resistance,
type 2 diabetes or cardiovascular disease through a specific pathway. Given that much of
the IL-6 is produced by adipose tissue at rest (Mohamed-Ali et al., 1997), it is possible that
the associations between IL-6 and insulin sensitivity seen in individuals with obesity-
related traits is the result of elevated adiposity in these individuals, rather than IL-6 per se.
Indeed, Vozarova et al. (2001) demonstrated that in an ethnic population susceptible to
insulin resistance, IL-6 was negatively correlated to insulin action and positively correlated
to adiposity. However, after adjustment for adiposity, there was no correlation between IL-6
and insulin action. Carey et al. (2004) conducted a study in which they measured BMI and
IL-6 in patients with Type 2 diabetes and in healthy matched control subjects. They found
no relationship between IL-6 and insulin sensitivity, but they found a strong relationship
(r=0.85; p<0.00001) between IL-6 and BMI. On balance, therefore, we would suggest that
IL-6 is indeed associated with insulin resistance, but that this association is more likely to
be due to the elevated fat mass characteristic of individuals with obesity-related metabolic

traits, rather than IL-6 per se.

Far from finding associations between IL-6 and metabolic traits, we found that 14 days of
treatment with IL-6 at 2.4 pg/d results in markedly improved glucose tolerance in healthy
rats. This enhancement was irrespective of mode of delivery (chronic or phasic), but was not
associated with enhanced insulin signalling in muscle or liver. In fact, downstream insulin
signalling was not enhanced with IL-6, and the protein content of GLUT4 was not affected.
Therefore, our data suggest that the IL-6-induced enhancement in glucose tolerance should
be due to other insulin-independent pathways. More studies are required to clarify the

possible mechanisms by which IL-6 can improve glucose tolerance.

Another interesting point in our study is that IL-6 administration did not activate
inflammatory pathways (e.g., NFkp), suggesting that associations found in cross-sectional
studies between plasma IL-6 and inflammatory related markers or related metabolic traits
(Ridker et al., 2000; Pradhan et al., 2001, Spranger et al., 2003; Bluher et al., 2005;

Tzoulaki et al., 2005) are not causal.

On summary, our data suggest that, irrespective of mode of delivery, 14 days of treatment
with IL-6 at 2.4 pg/d results in markedly improved glucose tolerance in healthy rats, and

does not activate pro-inflammatory pathways. Therefore, IL-6 might be considered as a
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annex

molecule responsible, at least in part, for exercise-induced metabolic improvement. Further

studies in humans are warranted to test this hypothesis.
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Figure 1. Area under the curve (AUC) of plasma glucose levels during a 2-h glucose
tolerance test in healthy rats after chronic IL-6, phasic IL-6, or saline administration during
10 days. Values are expressed as means (bars) and standard deviations (error bars). *

denotes significant differences (P<0.05) compared with controls.
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Figure 2. Both Akt and STAT3 are activated in skeletal muscle (soleus) after insulin
treatment, with no difference among groups (Chronic IL-6, Phasic IL-6, or saline
administration). Western blot analysis was performed to assess Akt and STAT3 activation in
muscle homogenates using anti-Ser473 Akt antibody and anti-Tyr705 STAT3 antibody.

Values are means (bars) and standard deviations (error bars).

133

annex



annex

500 o R 1 -

2,50 -

N N

) o

o o
Il Il

P-Ser473 Akt/Total Akt
=
o

(relative to basal control)

o

(o))

o
I

0,00

Control Phasic IL-6 Chronic IL-6

3,00 - BE . | - O Basal
M Insulin
2,50

2,00 -

1,50

Tyr705 STAT3
(relative to basal control)

N

o

o
I

o

)

S
L

0,00

Control Phasic IL-6 Chronic IL-6

Figure 3. Both Akt and STAT3 are activated in liver after insulin treatment, with no
difference among groups (Chronic IL-6, Phasic IL-6, or saline administration). Western blot
analysis was performed to assess Akt and STAT3 activation in liver homogenates using
anti-Ser473 Akt antibody and anti-Tyr705 STAT3 antibody. Values are means (bars) and

standard deviations (error bars).
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Figure 5. Protein content of specific proteins related to insulin signalling pathways in liver. Values are

expressed as means (bars) and standard deviations (error bars). No differences were found among groups.
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Figure 6. Both IKB and mTOR are not activated in skeletal muscle after insulin treatment,
with no difference among groups (Chronic IL-6, Phasic IL-6, or saline administration).
Western blot analysis was performed to assess IKB and mTOR activation in muscle
homogenates using anti-Ser32-36 IKB antibody and anti-Ser2448 mTOR antibody. Values are

means (bars) and standard deviations (error bars).
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Figure 7. Both IKB and mTOR are not activated in liver after insulin treatment, with no
difference among groups (Chronic IL-6, Phasic IL-6, or saline administration). Western blot
analysis was performed to assess IKB and mTOR activation in liver homogenates using anti-
Ser32-36 IKB antibody and anti-Ser2448 mTOR antibody. Values are means (bars) and

standard deviations (error bars).
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A.4. ANNEX Conclusions

Exercise-induced HSPs

We demonstrate in the annex of this PhD Thesis that plasma HSP60 and HSP70 increase with
physical exercise. In relation to any possible biological role of this increase, there are some
studies suggesting beneficial metabolic effects. Plasma HSPs levels have been reported to
protect from atherosclerosis (Pockley et al., 2003). Another study has reported Hsp70 levels to
be lower in patients at the time of diagnosis of coronary artery disease by coronary
angiography (Zhu et al., 2003). In Zhu et al’s study, individuals exhibiting Hsp70 levels
below the median had twice the risk of coronary artery disease than individuals with levels
above the median, and disease severity (number of diseased vessels) was also inversely
associated with circulating Hsp70 levels. One study has addressed this issue and
demonstrated that extracellular Hsp70 protects stressed aortic cells in culture by a
mechanism that appears to involve cell surface binding (Johnson et al., 1990). Another
mechanism by which Hsp70 might modify the establishment and/or progression of
atherosclerosis is via an anti-inflammatory effect. Intracellular Hsp70 has been shown to
attenuate inflammatory responses, because elevating intracellular levels of Hsp70 in the
vasculature reduces leukocyte adhesion at inflammatory sites (House et al., 2001). Taken
these data together, we can conclude that the exercise-induced increase in HSP levels may

mediate beneficial metabolic effects. Future studies are warranted to confirm this possibility.
Exercise-induced IL-6

There are some studies showing associations between plasma IL-6 levels and risk of type 2
diabetes, cardiovascular disease, or related metabolic traits (Ridker et al., 2000; Pradhan et
al., 2001, Spranger et al., 2003; Bluher et al., 2005; Tzoulaki et al., 2005). Paradoxically
aerobic physical exercise, one of the best measures to prevent cardiovascular disease and type
2 diabetes-related metabolic traits, increases acutely plasma and muscle IL-6 levels

(Ostrowski et al., 1998; Febbraio & Pedersen, 2002).

In this PhD Thesis we intended to mimic exercise-induce IL-6 increae, by administrating IL-6

either acutely or chronically. In both cases IL-6 administration improved considerably glucose
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tolerance in animal models, and did not activate pro-inflammatory pathways. Other
experiments in vitro have been performed, confirming our results and showing that IL-6 may
increase glucose uptake (Febbraio et al., unpublished data). In addition, a study conducted in
humans has shown that IL-6 may activate lipolysis independently of elevations in growth
hormone and/or cortisol and appears to be a potent catalyst for fat oxidation in muscle cells
(Petersen et al., 2005). These data, taken with caution, suggest that IL-6 might be considered
as a molecule responsible, at least in part, for exercise-induced metabolic improvement.

Further studies are warranted to test this hypothesis.

Although there are studies showing associations between plasma IL-6 and diabetes-relates
metabolic traits, critically, however, there are no studies providing any evidence that elevated
IL-6 actually cause insulin resistance, type 2 diabetes or cardiovascular disease through a
specific pathway. Given that much of the IL-6 is produced by adipose tissue at rest
(Mohamed-Ali et al., 1997), it is possible that the associations between IL-6 and insulin
sensitivity seen in individuals with obesity-related traits is the result of elevated adiposity in
these individuals, rather than IL-6 per se (Vozarova et al., 2001; Carey et al., 2004). Another
possibility is that adipose- and muscle-derived IL-6 present different biological roles. Further

studies are needed to clarify these questions.

In summary, we provide evidence for the possibility that both HSPs and IL-6 may be

mediators, at least in part, of the exercise-induced beneficial metabolic effects.
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