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7:15-8:00 p.m. Thursday September 29th 

Child as a Source of Mechanical Power 

Pr Emmanuel Van Praagh 

BAPS Laboratory, University Blaise Pascal, Clermont-Ferrand, France  

During growth, the study of short-term high-intensity exercise, has not received the same 
attention from researchers as, for instance, aerobic fitness. This is surprising given the 
level of aerobic energy used daily during childhood and adolescence. During physical 
activity and sport, the child is spontaneously more attracted to short-burst movements 
than to long-term activities. It is, however, well known that in sports events such as sprint 
cycling, jumping, sprint running or sprint swimming, the childrenôs performance is 
distinctly lower than that of adults. This partly reflects childrenôs lesser ability to generate 
mechanical energy from chemical energy sources during short-term high-intensity work 
or exercise. For many years, various attempts have been made to quantify the 
« anaerobic » energy yield in maximal intensity exercise, but many assumptions have 
had to be made with respect to mechanical efficiency, lactate turnover, dilution space for 
lactate, and so on. Therefore, during childhood, direct measurements of the rate or 
capacity of « anaerobic » pathways for energy turnover presents several ethical and 
methodological difficulties. Thus, rather than measure energy supply, paediatric exercise 
scientists have concentrated on measuring short-term power output by means of 
standardised tests. There is, however, no perfect test and, therefore, it is important to 
acknowledge the benefits and limitations of each testing method. Mass-related short-term 
power output was shown to increase dramatically during growth and development. This 
suggests that the observed difference between children and adolescents during short-
term power output testing may be related to body composition, neuromuscular factors, 
hormonal factors and improved motor coordination. 
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8:30-9:15 a.m. Wednesday September 29th 

Cardiovascular Adaptations in Response to Exercise, Training and Physical 
Activity in Children 

Pr Daniel Green 

John Moore University, Liverpool and School of Sport Science-Exercise, United 
Kingdom, and Health University of Western Australia, Australia 

In this lecture I will present the idea that atherosclerosis is a disease, which begins early 
in life, and that preventative measures should be focussed on young individuals who are 
at elevated risk. 

Identifying young asymptomatic individuals at the highest risk of developing 
cardiovascular disease in future is challenging and an argument will be presented that 
direct assessment of arterial endothelial function provides a better prediction method 
than reliance upon traditional risk factor algorithms.  I will discuss arterial shear stress, 
the physiological stimulus which leads to anti-atherogenic changes in endothelial function 
and vascular remodelling, and the impact of different exercise modalities and intensities 
on arterial shear patterns.  Finally, I will review the impact of exercise training on 
vascular, cardiac and metabolic function in children and adolescents with obesity, effects 
which should decrease the risk of future cardiovascular (CV) events in young people at 
high risk.   

Background:  There is now broad acceptance that the prevalence of overweight/obesity, 
insulin resistance and type 2 diabetes is increasing in highly urbanised western countries 
and, in particular, in lower socioeconomic postal ("zip") codes.  Although atherosclerosis 
has been perceived as a disease of older people, several lines of evidence indicate that it 
begins early in life.  The challenge is to identify those young asymptomatic individuals 
who are at highest risk of future CV disease manifestation.  Algorithms based on 
traditional risk factors predict future cardiovascular events poorly, partly because the 
factors which predispose to plaque rupture, which is responsible for the majority of 
cardiac events, are not identical to those responsible for atherosclerogeinic development.   

Assessment of arterial endothelial dysfunction in humans represents an attractive 
candidate for CV risk prediction, as it is associated with plaque vulnerability, 
thrombogenesis and reflects the compound impact of traditional cardiovascular risk 
factors on atherogenic development.  Flow mediated dilation (FMD), a non-invasive 
assessment of nitric oxide (NO)-mediated endothelial function, provides independent 
prognostic information which exceeds that available from traditional risk factors in 
asymptomatic subjects and those with existing cardiovascular disease.  These findings 
suggest that early detection and treatment of endothelial dysfunction may represent a 
novel primary prevention strategy in adolescents who are at elevated risk for 
development of cardiovascular disease in later life.   

We recently completed studies which revealed that endothelial function in children and 
adolescents with obesity is impaired relative to age and gender matched lean controls, 
suggesting the presence of early atherogenic changes.  This data suggests that 
endothelial dysfunction may be an antecedent of type 2 diabetes and the metabolic 
syndrome in obese children and we have previously demonstrated that endothelial 
function in impaired in adults with type 2 diabetic subjects.   
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If endothelial dysfunction is an important atherogenic event, then improvement in 
endothelial function may prevent, or decrease the progression of, cardiovascular disease.  
We therefore need to understand the physiological stimulus which upregulates or 
improves endothelial function.  Increases in blood flow through the lumen of arteries, and 
hence wall shear stress, lead to arterial dilation via NO-dependent flow-mediated dilation.  
Changes in the circumferential size of arteries, ñarterial remodellingò, are also dependent 
upon endothelium-dependent shear stress transduction.  Hence, artery function, 
remodelling and wall morphology (e.g. thickness, stiffness) are all-dependent upon, and 
modulated by, the endothelium.  Acute and chronic changes in blood flow, and shear 
forces, induce adaptation in artery function and structure which are antiatherogenic and 
transduced by the endothelium.   

Exercise increases arterial shear stress and in this way modulates endothelial function 
and arterial remodelling in animals.  In humans, we observed that endothelial function 
contributes significantly to upper limb blood flow during lower limb exercise and that 
cycling exercise induces substantial retrograde flows through the upper limbs during 
diastole.  These observations have lead to recent work characterising the impact of 
different forms of exercise on arterial shear forces and the observation that increases in 
antegrade flow and shear stress enhance NO-mediated endothelial function, whilst 
retrograde flow and shear may have the opposite impact.  Exercise is clearly a stimulus 
which modulates endothelial NO-mediated function and different types or modes of 
exercise have distinct impacts upon endothelial function.    

In animals, exercise training improves NO-mediated responses and upregulates NO-
synthase expression.  We have reported improved indices of arterial remodelling in 
humans, as well as enhanced endothelium-dependent NO function in patients with heart 
failure, coronary disease and hypercholesterolaemia.  We also observed beneficial 
effects of exercise training on endothelial function in adults with type 2 diabetes.  This 
data suggests that exercise training may have important clinical significance in diabetes, 
since improvement in endothelial function parallels anti-atherogenic benefits and may 
ameliorate the vascular complications which account for most deaths in type 2 diabetic 
subjects.  In obese children and adolescents, we demonstrated that exercise training 
enhances, and may normalise, endothelial function (FMD).  This effect was not 
associated with changes in body weight or BMI, although DEXA revealed significant 
decreases in central measures of fat mass.  Training was also associated with enhanced 
insulin resistance and improved diastolic function in these subjects.  Taken together, 
these data suggest that exercise training is a powerful intervention which normalises 
vascular, cardiac and metabolic function in young people at high risk of future 
manifestations of atherosclerotic cardiovascular disease. 

In summary, exercise training improves vascular function, induces arterial remodelling, 
and improves cardiac diastolic function and insulin sensitivity in obese adolescents.  
These effects should decrease the risk of future cardiovascular events in young people at 
high risk.  Exercise (and increased physical activity levels) are a key preventative health 
strategy in young people.   
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2:00-2:45 p.m. Wednesday September 29th 

Genetic, Obesity and Physical Activity 

Pr Philippe Froguel 

CNRS, UMR 8090, Institute Pasteur, Lille, France, and Imperial College of London, 
United Kingdom 

 

To be added lateré 
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8:30-9:15 a.m. Thursday October 1st 

Fatigue Mechanisms in Children 

Pr Craig A. Williams 

Childrenôs Health and Exercise Research Centre, School of Sport and Health Sciences, 
University of Exeter 

Background: In adult physiological studies, muscle fatigue is a well studied 
phenomenon. However, with children the study of fatigue has not attracted as much 
research. This is surprising given that the ultimate consequence of fatigue i.e. the decline 
in muscle performance, is found as readily in children as it is in adults. To a physically 
active child this decline in muscle performance will have been regularly experienced. 

There are numerous definitions of fatigue but a commonly accepted one is óany exercise-
induced reduction in the maximal capacity to generate force or power outputô (Vollestad, 
1997, p. 220). Another definition by Edwards (1983) is the ófailure to maintain the 
required or expected force or power output (p. 3).ô Edwardsô (1983) model of fatigue, 
proposed as an inhibition of force, represented fatigue that could reside in one or several 
sites of the chain of command that result in force contraction. This chain of command 
which encompasses activation and stimulation from the brain and central nervous system 
to the stimulation and relaxation of the muscles itself has resulted in fatigue being divided 
into two categories. Firstly, central fatigue which involves the central nervous system and 
nervous pathways and secondly, peripheral fatigue that resides from the neuromuscular 
junction to the muscle. One of the difficulties in quantifying the degree of fatigue in 
children has been the use of invasive methodologies which have been prevalent in adult 
studies (Williams and Ratel, 2009). In studies of fatigue with children, external measures 
such as mechanical power output have had to be relied upon to infer fatigue. The 
Wingate test (WAnT) with its fatigue index was often used to quantify fatiguing processes 
during maximal intensity cycling. Other tests of time to exhaustion, time trials or protocols 
using different contraction types have also been used with some success. Instruments 
such as electromyography (EMG), 31P magnetic resonance spectroscopy (31P-MRS) and 
evoked twitch interpolated techniques have been utilised in an effort to investigate causal 
factors of fatigue. In the paediatric literature accumulated results have shown that there is 
a trend that children are able to resist fatigue better than adults during exercise. These 
finding have typically used measurements of mechanical force or power output profiles 
during sustained maximal isometric and repeated bouts of high-intensity dynamic 
exercises. More recent evidence has shown that boys can recover faster than men 
following submaximal isometric plantar flexion exercise (Hatzikotoulas et al., 2009). 
The observation of better resistance to fatigue in children may be explained by muscle 
characteristics which are quantitatively and qualitatively different to those of adults. 
These characteristics include the amounts of recruited muscle mass and the absolute 
work rates during exercise. Currently, it is an accepted tenet that children are equipped 
better for oxidative than glycolytic pathways. This metabolic profile results in childrenôs 
lesser production and better clearance of muscle by-products inhibiting to contraction, as 
well as, a faster resynthesis of initial creatine phosphate stores necessary to the 
reconstitution of muscle power following exercise. The lower accumulation of muscle by-
products found in children may be indicative of a reduced metabolic signal which would 
induce lower ratings of perceived exertions. From neuromuscular studies, some reports 
have indicated that childrenôs lesser ability to activate their type II motor units would also 
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explain a greater resistance to fatigue. The findings based on fatigue of agonist and 
antagonist muscles during isokinetic tests showed that higher levels of muscle co-
activation with advancing muscle fatigue are similar in children and adults (Paraschos et 
al., 2007). It is interesting to observe that during fatiguing intermittent running, motor 
efficiency is less disturbed in young children compared with adults. In fact, the lower 
decrease in running velocity in children is related to their lower decline in step rate 
because the shortening in step length is similar in children and adults. 

Methodology to assess fatigue: There are a range of methodological assessments that 
can be used in the measurement of fatigue. These include maximal voluntary force, 
power output, endurance time, EMG, tetanic forces, low frequency twitch measures and 
twitch interpolation (Vollestad, 1997). In studies with children and adolescents the most 
common methods are the use of maximal voluntary force, power output, endurance time 
and EMG. This is largely a consequence of their ease of use, reliability and their ethical 
approval as compared to the twitch interpolation technique which is painful and unlikely 
to be well tolerated by children. The reliability of the assessment of fatigue is an 
important one and often overlooked. In the use of the maximal voluntary contraction 
method, the force generated can be reduced if the child is not motivated or has not learnt 
the skill to initiate a ñbest effort.ò As the ability to measure this force is crucial to the study 
of fatigue, more information is needed on these reliability issues. For example, the only 
way to truly determine if a voluntary effort is ñmaximalò is to supersede the contraction 
with an electrical tetanic stimulation. If the electrical stimulation does not evoke a force 
response greater than the voluntary one, then a maximal effort is judged to have 
occurred. In children, this is not practical and researchers are likely to have difficulty 
obtaining ethical approval. Other direct and reliable non invasive measures of fatigue are 
available. In one such study De Ste Croix found the maximal voluntary contractions of 
knee extensors during a fatiguing protocol to be reliable (coefficient of variation up to 5.4 
%). Laboratory measures using endurance time as a basis for examining fluid ingestion 
and fatigue during cycling performance have been found to have a typical error of up to 
7.3 % (Montfort-Steiger et al., 2005). 

During the measurement of mechanical power output, usually during cycle ergometry, the 
decline in the power output is most often investigated by measuring the temporal change 
in mechanical power output. The most common test is the Wingate test comprising peak 
power (usually within 1 or 5-s), mean power (averaged over 30-s) and total work done. 
Repeated sprint tests and the fatigue index, representing the decline in performance, 
have also been used. However, this has been criticised as being an unreliable measure 
(Oliver et al., 2007). Therefore, its use is questioned. 

The use of EMG during maximal voluntary isometric or dynamic single leg contractions or 
during submaximal cycling is commonly utilised. The electrical activity of superficial 
muscles via the amplitude and power spectrum of the signal can be assessed. The 
number and size of action potentials for the muscle of interest is a reflection of the 
amplitude. Thus changes in numbers of active fibres or activation can be detected but it 
is not possible to differentiate between the two. During isometric maximal contractions 
EMG amplitude falls progressively, which is often attributed to the gradual decline in the 
motor unit excitation rate. EMG recorded during submaximal repetitive or sustained 
contractions shows the opposite, a gradual rise. This is most probably due to muscle 
recruitment as previously recruited fibres fatigue and drop out only to be replaced by 
additional fibres which are recruited so as to maintain the force or power output. In one 
study by Hatzikotoulas et al. (2009) EMG activity of the soleus, medial gastrocnemius 
and tibialis anterior of prepubescent boys and men were found to increase similarly 
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following submaximal isometric plantar and dorsal flexion. Despite the findings of similar 
fatigue levels in boys and men, the boys recovered faster for torque, soleus and medial 
gastrocnemius EMG (all normalised to the maximum achieved prior to the fatiguing 
exercise). Due to its ease of use and as a non invasive technique more protocols should 
utilise EMG. Although muscle biopsies are often used in adult studies of fatigue it is not a 
viable option with children. However, exciting developments with 31P-MRS could be 
considered as a tool for assessing the mechanisms of fatigue within the exercising 
muscle (Williams and Ratel, 2009). 

Current developments: It is likely that advances in technology will have a significant 
part to play in the investigations of fatigue in children. As instrumentation becomes more 
sophisticated and procedures become less invasive and therefore applicable to children, 
more valid experimentation can be established. A prime example is the use of magnetic 
resonance. Although expensive, magnet resonance scanning costs are decreasing and 
the size of the magnet bore is increasing to allow exercise to take place within the 
magnet. Other advancements in instrumentation include near infrared spectroscopy and 
thermoregulatory telemetry ingestible pills, both of which should allow measurement of 
oxy- and deoxyhemoglobin and temperature, as mechanisms of fatigue during exercise. 

Conclusion: For such a common phenomenon as fatigue, it is surprising how little data 
there are on childrenôs tolerance to exercise. To date the study of fatigue has largely 
been confined to the utilisation of external measurements of mechanical power output, 
supplemented by the additional measurement of EMG. However, there appears to be 
very little data on the force-time or power-time duration relationships. Considering the 
number of children engaged in exercise and sporting competitions, more needs to be 
known about the fatiguing effects of these activities. More paediatric studies involving the 
use of non-invasive instruments which are able to determine the mechanisms underlying 
fatigue are therefore warranted. These studies need to be both field and laboratory 
based. 
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11:00-11:45 a.m. Thursday October 1st 

Respiratory Responses to Exercise in Healthy and with Respiratory Disease 
Children 

Pr Stephan Matecki  

INSERM ERI 25, University of Montpellier 1, Montpellier, France 

Ventilatory function is the first step of the oxygen delivery chain, which makes the link 
between ambient air (the source of oxygen) and the muscle, which is the localization of 
oxygen consumption. This presentation will particularly focus on the specificities of 
childrenôs ventilatory response to exercise. For example, breathing pattern strategy 
during exercise is a result of feed back and feed forward mechanisms on the 
pontomedullary rhythm and pattern generator that produce the output to the respiratory 
muscles. Ventilation (VE) is the product of a volume parameter (tidal volume:Vt) that is 
under a strict chemical control and a respiratory timing parameter (breathing frequency: 
f), which is a non-metabolic function of breathing. Young children compared to adults 
hyperventilate during exercise. This hyperventilation may be partly explained by a lower 
CO2 set point at the central chemoreceptor level, which increases with growth. Although 
this physiological observation is relevant to explain during exercise the decrease of VE 
per kg of body mass with age, it fails to explain why the value of Vt per kg of body mass 
remains constant. Thus other associated mechanisms can be speculated to explain why 
this lower ventilatory efficiency observed in young children is mainly due to a high value 
of breathing frequency. In this topic three hypothesis are proposed: young children may 
present: a) a lower respiratory muscle threshold fatigue which may produce a rapid but 
not shallow breathing pattern during exercise, b) an altered perception of ventilatory effort 
during exercise which may modify the cortical respiratory premotor activity, c) an 
immature response of the pontomedullary rhythm and pattern generator to ventilatory 
load during exercise. Respiratory pathology can be considered as a model of an 
additional internal load to the respiratory muscles. When evaluating breathing pattern 
strategy during exercise in sick children, it seems they present a normal and mature 
response to ventilatory load, compared to adults. To better understand specificities of 
ventilatory response to exercise in children, there is a need for additional studies to 
evaluate changes with growth of respiratory muscles threshold fatigue and its impact on 
breathing pattern strategy. Furthermore, there is also a clear needfulness of studies 
which assess the level of dyspnoea sensing in children, taking into account its role as an 
alarm mechanism for triggering adaptive breathing pattern strategy during exercise.       
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8:30-9:15 a.m. Friday October 2st 

Physical Activity and Obesity: from the Population to the Patient 

Pr Jean-Michel Oppert  

Physical activity unit/Dept of Nutrition, Pitié-Salpêtrière Hospital, University P6, Paris 
INSERM U557, Nutritional epidemiology unit, Bobigny, France 

Body weight gain over time depends on an extremely  complex interplay of behavioural, 
environmental and genetic factors. It is generally well accepted that physical inactivity is 
an important factor in the development of obesity, however, this has to be put in the 
nutritional context of the population under study. Independent of physical activity level, 
sedentary behaviours, such as screen viewing, have been associated with body weight 
gain and obesity, in children and in adults. Decreasing sedentary behaviour as well as 
increasing the level of habitual physical activity may therefore be warranted for obesity 
prevention. New data suggest the importance of environmental factors, such as physical 
activity-related built environment, for obesity development. Data in this field have 
however been produced in only few selected countries and may be difficult to generalize. 

In patients, a major benefit of physical activity is the association with better long-term 
weight maintenance of weight loss. Physical activity has also been shown to substantially 
decrease the risk of obese subjects for metabolic and cardiovascular disease. A critical 
question is the optimal volume of physical activity that would allow prevention of weight 
regain in obese patients. One of the challenges in this area is to better understand how to 
individualize the counselling and improve adherence over time. 
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2:00-2:45 p.m. Friday October 2st 

Daily Activities and Body Weight Stability in Children: the Unfortunate Influence of 
Modernity 

Pr Angelo Tremblay 

Departement of Social and Preventive Medicine, University of Laval, Quebec, Canada 

The study of the relationship between physical activity participation and the risk of 
overweight has been traditionally performed by considering the sedentariness-exercise 
continuum. According to this vision, the active person is less likely to be in positive 
energy balance compared to the physically inactive person, be it because of the 
increased energy expenditure of exercise and/or its ability to improve the ñmatchingò of 
energy intake and expenditure via different biological effects. Recent literature however 
emphasizes that this perception is not sufficient to explain the impact of human activities 
on energy balance and body composition. 

Since several decades, sleeping habits have changed in a way that daily sleep duration 
has decreased by at least one hour. In population studies, short sleeping has been 
related to an increase in body weight. Accordingly, standardized laboratory testing 
showed that sleep restriction favors a decrease in leptinemia and an increase in plasma 
concentrations of ghrelin and cortisol. This agrees with the increase in hunger and ad 
libitum high carbohydrate snack intake that was also documented in this context. Our 
investigation of variations in sleep duration in children has confirmed the increased risk to 
be overweight in the short sleeper. In addition, the predictability of variations in body 
weight by short sleeping was much better compared to that of TV viewing and physical 
inactivity. Also of interest is the fact that excess weight in the short sleeper child is 
associated with a preferential abdominal fat deposition. Finally, our research has also 
demonstrated that suboptimal sleep duration increases the proneness to hypoglycemia 
which is known to predict weight gain over time.  

Another feature of modernity is the growing importance of knowledge-based work in daily 
activities. This is not so surprising since the productivity and competitiveness of most 
countries depend on cognitive effort and its related innovation in a context of 
globalization. For the physiologist, physical and mental work are two activity modalities 
which differ substantially in terms of the nature of solicited body cells and the related 
composition of the substrate mix oxidized. We have deduced from these observations 
that the dependence of mental work on carbohydrate metabolism might lead to a 
spontaneous increase in energy intake. In a first study to investigate the issue, we 
observed that a 60 min session of mental work increased hunger and plasma glucose 
instability. Subsequently, the testing of Laval University female students revealed that a 
45 min mental work session had no impact on energy expenditure but increased ad 
libitum energy intake by 229 kcal following this cognitive effort. More recently, a second 
study performed in Laval University female students demonstrated that an increase in the 
intensity of cognitive effort was accompanied by an increase in cortisolemia, glycemic 
instability, and spontaneous caloric intake. This is concordant with our recent results 
obtained in young females who are characterized by a greater abdominal fat deposition 
when they perform more school homework. 

In summary, our recent research experience suggests that it is relevant to reconsider the 
notion of sedentariness which is not only the omission to perform physical activity. In fact, 
some sedentary activities, such as those requiring a demanding cognitive effort, seem to 
be worst for the stability of energy balance than doing nothing.  
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9:15 a.m. Wednesday September 30th 

Exercise Capacity and Pulmonary Function Following Repair of Transposition of 
the Great Vessels: Atrial Baffle Versus Arterial Switch 

L. Sterrett, T. Cordes, E. Ebenroth, G. Montgomery, and M. Schamberger 

Indiana University and Riley Hospital for Children, Indianapolis, Indiana, USA 

Background: Surgical repairs for D-transposition of the great vessels (DTGA) include 
the older, less-anatomically preferred atrial baffle (BAFFLE) (Mustard or Senning) or the 
recent arterial switch (SWITCH).  DTGA patientsô functional ability may be restricted by 
both pulmonary and cardiovascular limitations.   

Methods: Resting flow volume loops and peak oxygen consumption (VO2peak) were 
examined to compare pulmonary and cardiovascular outcomes between patients with 
BAFFLE versus SWITCH repair.  Pulmonary function test data were analyzed for 
BAFFLE (n=31) and SWITCH (n=34) patients.  Peak exercise data were analyzed for 
BAFFLE (n= 38) and SWITCH (n=34) patients.  Flow volume loops were analyzed for a 
restrictive lung disease marker, forced vital capacity (FVC), and obstructive lung disease 
markers, forced expiratory volume in one second (FEV1.0) and forced mid-expiratory 
flow rates (FEF25-75%).  Pulmonary data is expressed as the percent of predicted value 
excluding FEV1.0/FVC ratio.  All data were size and age-adjusted.  ANOVAs and 
Pearson chi-square analysis were used to analyze the data. 

Results: Lung disease (restrictive and/or obstructive) was present in 51% of patients 
post-DTGA repair despite the surgical repair (BAFFLE 58% and SWITCH 44%; p=0.26).  
Restrictive lung disease occurred more frequently in BAFFLE (45%) versus SWITCH 
(26%) patients, although not statistically significant (p=0.12).  BAFFLE patients attained a 
lower FVC than SWITCH patients (78.6±14.5% versus 85.2±11.9%; p<0.05).  There were 
no differences between groups in FEV1.0 ((80.3±15.4 and 85.8±13.4% (p=0.13), FEF25-

75% (89.1±28.7% versus 89.3±26.4%; p=ns) or FEV1.0/FVC ratio (86.6±73.5 versus 
87.3±53.1; p=0.71, respectively).  BAFFLE patients had a lower peak oxygen 
consumption (VO2peak) (27.41±6.78 ml/kg/min versus 37.12±8.28 ml/kg/min; p<0.01) and 
a lower percentage of predicted VO2peak than SWITCH patients (65.89±15.0% versus 
84.8±18.7%; p<0.01).   

Discussion: The majority of patients after surgical repair for DTGA have significant lung 
disease.  Restrictive lung disease tends to be more frequent in patients post-BAFFLE 
than SWITCH repair.  BAFFLE patients have lower VO2peak values than SWITCH patients 
which may be attributed to their anatomically less-preferable repair and/or their greater 
frequency of restrictive lung disease.  The VO2peak of DTGA patients following BAFFLE or 
SWITCH repair may be limited by both chronic lung disease and cardiac function.  
Clinicians should consider identification and treatment of lung disease in DTGA patients.   
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Cardiac Function During Exercise in Obese Prepubertal Boys: Effect of Degree of 
Obesity 

A. Vinet, L. Karpoff, A. Perez-Martin, C. Oudot, P. Obert, and I. Schuster 

Laboratoire de Physiologie et Physiopathologie des Adaptations Cardiovasculaires à 
lôExercice, EA4278, Facult® des Sciences, Universit® dôAvignon, France 

Background: Resting echocardiographic studies have reported morphologic 
abnormalities in obese children and adolescents, whereas data on systolic and, 
particularly, on diastolic function are still scarce and discordant. Exercise dysfunction 
precedes resting abnormalities and exercise testing offers an opportunity for early 
detection of cardiac dysfunction. The purposes of the present study were therefore 1) to 
assess cardiac morphology and function at rest in prepubertal boys with different degrees 
of obesity, and 2) to describe the dynamics of diastolic and systolic function from rest to 
maximal exercise using conventional echocardiography and tissue Doppler imaging 
taking into account the severity of obesity. 

Methods: Eighteen obese (10 with first degree obesity and 8 with second degree obesity 
according to French curves, body mass index: 23.3+1.8 and 29.0+2.0 kg.m-2, 
respectively) and 17 lean controls (BMI = 17.6+0.6 kg.m-2, p<0.001), aged 10-12 years 
were recruited. After resting echocardiography, all children performed a maximal exercise 
test. Regional diastolic and systolic myocardial velocities were acquired at rest and each 
workload. Stroke volume and cardiac output were calculated.  

Results: At rest, obese boys had greater left-ventricular diameters and LV mass. Boys in 
the first degree obese group showed no diastolic or systolic dysfunction, whereas boys 
with second degree obesity showed subtle diastolic dysfunction. During exercise, both 
obese groups showed greater stroke volume and cardiac output. First degree obese boys 
exhibited greater systolic and diastolic tissue Doppler velocities than controls, whereas 
second degree obese boys had lower diastolic tissue velocities whatever exercise 
intensity and lower fractional shortening at high exercise intensities than controls.  

Discussion: No impairment in diastolic or systolic function is noticed in prepubertal boys 
with first degree of obesity. Enhanced regional myocardial function response to exercise 
was even demonstrated in this population, suggesting in the early stage of mild obesity 
adaptive compensatory cardiac changes. However, when obesity becomes more severe, 
impaired global and regional cardiac function at rest and during exercise can be 
observed. 
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Association Between High Intensity Physical Activity and Vascular Function in 9-
11 Year Olds. 

N. Hopkins1, G. Stratton1, T.M. Tinken1, N. McWhannell1, N. Ridgers1, L.E.F. Graves1, 
N.T. Cable1, and D.J. Green1,2 

1
Research Institute for Sport and Exercise Science, Liverpool John Moores University, 

United Kingdom, 
2
School of Sport Science, Exercise and Health, The University of 

Western Australia 

Background: The prevalence of obesity and physical inactivity in Western countries has 
increased rapidly.  Both are modifiable risk factors for cardiovascular disease; a process 
which has its origins in childhood. The earliest manifestation of the disease is endothelial 
dysfunction, which is evident in children as young as 6 years old. Few studies have 
attempted to determine the relationship between physical activity, cardiorespiratory 
fitness, body composition and vascular function in children. The present study therefore 
aimed to examine the relationships between change in artery health and its predictors in 
children. 

Methods: This was an observational cohort study. We studied 109 nine-eleven year old 
children (66 female, 43 male).  All children had flow mediated dilation (FMD), an index of 
endothelial function, assessed in the brachial artery. FMD was normalised for the eliciting 
shear rate stimulus for each subject (FMDSRAUC). Participants had peak VO2 assessed 
on a treadmill ergometer, body composition assessed by Dual Energy X-Ray 
Absorptiometry (DXA), and physical activity (PA) measured over 7 days at 5 second 
epochs using uniaxial accelerometry. Measurements were taken at baseline and 
repeated 16 weeks later, to assess whether changes in the above physiological variables 

or behaviour patterns are related to change in FMD.  Change ( ) scores were calculated 
and correlations were performed along with stepwise backwards linear regression to 
identify predictors of change in FMD.   

Results: Across all measured variables no sex differences existed, data was therefore 

pooled. FMDSRAUC  was correlated with high intensity PA   (r=0.29, p=0.002), average 

counts per minute  (r=0.25, p=0.009) and daily steps  (r=0.202, p=0.034). There were 
no significant associations between body fat or fitness and FMD scores. Regression 

analysis revealed high intensity PA  was the only predictor of FMDSRAUC (r2=0.116, 
p<0.001). 

Discussion: Change in FMD score in 9-11 year old children is associated with change in 
high intensity PA. The data also suggests that FMD is unaffected by changes in body 
composition, cardiorespiratory fitness levels and low to moderate intensity PA. 
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Pacemaker Optimization in Patients after Fontan Surgery 

J.E. Schneiderman1,2, S. Thomas2, C. Chiu3, G. Smith3, C. Slorach3, T.J. Bradley3, J. 
Goodman2, and R. Hamilton3 1 

Physiology and Experimental Medicine, The Hospital for Sick Children, Toronto, Canada; 
2 Graduate Department of Exercise Science, University of Toronto, Canada; 3 Division of 
Cardiology, The Hospital for Sick Children, Toronto, Canada 

Background: With the high success rate of Fontan surgery for functional single ventricle 
anatomy, emphasis in pediatric cardiology has shifted from survival to long-term cardiac 
function. Given that Fontan patients are characterized by diastolic dysfunction, evaluation 
of atrioventricular (AV) synchronization and atrial contribution to ventricular filling are 
considered important factors influencing cardiac function. Our objectives were to assess 
the importance of AV synchrony in Fontan patients requiring pacing, as well as to 
determine the optimal pacemaker mode (atrioventricular synchronized DDI, versus 
ventricular pacing alone VVI) in those patients with dual chamber pacemakers.  

Methods: Eight Fontan patients (4 male; 6 children) aged 18.6+4.6 years with dual 
chamber pacemakers participated in this study. At rest, AV delay was sequentially tested 
from 50-300msec in 50msec increments and the optimal delay was determined as the 
one yielding the best cardiac output based on impedance cardiography. Cardiac output 
was remeasured by an inert gas rebreathing technique, systemic vascular resistance 
(SVR) calculated and ventricular function assessed by echocardiography at rest, and 
through two levels (25W:125HR and 50W:150HR) of recumbent cycle exercise, in DDI 
(using the optimal AV delay) and VVI modes, in random order.  

Results: Cardiac output was optimal at long AV durations (>120msec) for 5 patients and 
short AV intervals (<120 msec) for 3 patients. Aortic velocity time integral (aVTI), used as 
an echocardiographic surrogate for cardiac output, was significantly greater in DDI vs VVI 
mode at 125HR, for both pulse wave and continuous wave Doppler (p<0.04 and p<0.02 
respectively), with no significant differences at rest or 150 level. Trends to lower SVR in 
exercise compared to rest and association of lower SVR with greater differences in aVTI 
between pacing modes were seen. 

Discussion: The findings of this pilot study suggest that individualized AV delay settings 
may be more appropriate than nominal device settings for Fontan patients with dual 
chamber pacemakers. A small but significant improvement in heart function with 
atrioventricular synchronized pacing in this group warrants further study with a larger 
sample of Fontan patients. Application of a dual-chamber pacing system with 
individualized programming of AV interval may be indicated in such patients. 
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Gender Influence on Myocardial Function During Maximal Cycle Exercise in Youth 

T. Rowland1, V. Unnithan2, M. Garrard2, D. Roche2, K. Holloway2, S. Marwood2, and   J. 
Sandoval2 

1Baystate Medical Center, Springfield, MA, USA; 2Sport and Exercise Physiology 
Research Team, Liverpool Hope University, Liverpool, United Kingdom 

Background: Increases in systolic and diastolic function are critical to the normal 
cardiovascular responses to exercise.  Superior inotropic function in males compared to 
females during exercise has been described in adults and could underlie small gender-
related differences in maximal stroke volume (SV) described in prepubertal subjects. This 
study compared left ventricular (LV) functional responses to progressive maximal upright 
cycle exercise in 10 healthy boys (15.3+0.5 years) and 9 girls (15.0+0.6 years) using 
Doppler ultrasound techniques. 

Methods: Body composition was estimated by air displacement plethysmography. 
Subjects pedaled at 60 rpm to exhaustion with 3-minute stages of 35 W load increments 
with standard measures of gas exchange variables.  SV was estimated by Doppler 
interrogation of aortic flow velocity.  Systolic function was examined by peak aortic flow 
velocity and ejection flow rate (adjusted for aortic valve area), and diastolic function by 
pulse-wave transmitral E velocity, tissue Doppler Eô velocity (adjusted for LV size), and 
E:Eô as a marker of LV filling pressure. 

Results: Average peak VO2 was greater in the boys (44.6+6.6 ml kg-1 min-1) than the 
girls (36.0+5.1ml kg-1 min-1).  No significant gender differences were observed in maximal 
heart rate (boys 195+11 bpm, girls 191+8 bpm).  Maximal SV was 78+19 ml and 62+8 ml 
for the boys and girls, respectively (p<0.05), but mean maximal SV per fat free mass was 
similar in the two groups (1.53+0.26 versus 1.51+0.14 ml kg-1, respectively). At maximal 
exercise, boys and girls demonstrated similar systolic ejection rate (125+28 and  131+10 
ml s-1 cm-2, respectively) and  peak aortic velocity (208+45 and  196+12 cm s-1, 
respectively).  No significant group differences were observed in E, Eô, or E:Eô at rest or 
during exercise: 

 E (cm s
-1

) Adj. Eô (cm s
-1

 mm
-1

) E:adj Eô 

 Rest Max Rest Max Rest Max 

Boys 72+9 149+23 2.5+0.5 5.8+0.5 29.2+7.5 26.2+5.6 

Girls 75+17 155+18 2.6+0.5 6.0+0.5 29.9+9.9 26.3+3.4 

 

Discussion: This study failed to reveal qualitative or quantitative differences between 
early adolescent boys and girls in ventricular systolic and diastolic functional responses   
to maximal cycle exercise.            
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The Test/re-Test Reliability of a Field-Based Fitness Test Battery in 9-10 Year Old 
Schoolchildren 

L.M. Boddy1,2, G. Stratton1, and A.F. Hackett1,2 

1Research into Activity and Childrenôs Health Group, Liverpool John Moores University, 
Henry Cotton Campus, 15-21 Webster Street, Liverpool, L2 3ET, UK; 2Centre for 
Tourism, Consumer and Food Studies. Liverpool John Moores University, IM Marsh 
Campus, Barkhill Rd. Liverpool, L17 6BD, UK 

Background: The purpose of this study was to assess the test/re-test reliability of a field-
based fitness test battery for use in 9-10 year old schoolchildren. 

Methods: Fitness tests were taken from the EUROFIT test battery (Adam et al., 1998), 
with an additional test included to assess muscular endurance (speed bounce) and 
completed using standard techniques (Taylor et al., 2004). One-hundred and sixty-six 9-

10 year old (mean age: 9.6  0.3 years) schoolchildren completed test and re-test 
sessions. Group, order, venue, day, time, equipment and testing personnel were 
standardised between test and re-test. 

Results: limits of agreement and ICC values can be viewed in Table 1. Cronbachôs Ŭ and 
ICC analysis described acceptable levels (>0.8) of reliability for most tests, including 
anthropometrics and the 20m multi-stage shuttle runs test (20mMST). Limits of 
agreement analyses described wide limits for a number of tests, including 20mMST. 

Table 1. Mean test and re-test results with limits of agreement  

Measure Mean Test Mean Re-test 95% Limits of 
Agreement 

ICC (average 
measures) 

Stature (cm) 137.9  137.8  -7 to 7.3  0.92 
Body mass (kg) 35.0  34.8  -3.9 to 4.4  0.99 
BMI (kg/m

2 
) 18.2  18.0 -3.4 to 3.9  0.93 

Triceps Skinfold (mm) 15.1 15.5 -3.2 to 2.5  0.99 
Subscapular Skinfold (mm) 10.4 10.3 -7.3 to 7.6  0.93 
20mMST (shuttles)  32.4  32.9  - 21.3 to 20.3 0.88 
Right Hand Grip Strength (kg) 15.8  15.1  -4.3 to 5.5  0.84 
Left Hand Grip Strength (kg) 15.1  14.5  -4.4 to 5.5  0.81 
Sit and Reach (cm) 16.8  16.4 -8.4 to 9.1  0.83 
10 x 5m Shuttle Runs (seconds) 23.4  23.8  -4.2 to 3.8 0.79 
Standing Broad Jump (cm) 124.5  119.2  -27.3 to 37.8  0.84 
Speed Bounce (bounces) 20.9  22.7 -9.5 to 5.9  0.87 
Plate Tapping (seconds) 14.7  14.9  -8 to 7.5 s 0.38 

Discussion: Findings suggest that based solely on ICC and Cronbachôs Ŭ values most 
field-based fitness tests are reliable for use. However, limits of agreement results show 
varied levels of reliability, thus highlighting the need for more than one assessment of 
reliability in test/re-test analysis. Caution is urged when interpreting data where wide 
limits of agreement are apparent. 

Adam, C., Klissouras, V., Ravazzolo, M., Renson, R., and Tuxworth, W. EUROFIT: European test of 
physical fitness. Rome: Council of Europe, Committee for the Development of Sport, 1998 

Taylor, S., Hackett, A., Stratton, G., and Lamb, L. SportsLinx: Improving the health and fitness, 2004 
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Repeated Sprint Test Performance Indices and Aerobic Fitness in Normal Weight 
and Overweight Children 

Y. Meckel1, S. Lougassi1, Y. Sitbon1, D. Nemet1, and A. Eliakim1,2 

1Zinman College of Physical Education and Sport Sciences, Wingate Institute; 2 Child 
Health and Sport Center, Pediatric Department, Meir Medical Center, Sackler School of 
Medicine, Tel-Aviv University, Israel 

Background  Aerobic and anaerobic capacities are thought to be reduced in obese 
compared to normal weight children. As a consequence, patterns of physical activity 
among overweight and obese children are usually characterized by brief segments of 
exercise, performed at different intensities and separated by rest intervals of different 
durations. Therefore, it would be valuable to assess Repeated Sprint Test (RST) indices 
and their relationship to aerobic fitness in this population. Surprisingly, however, to the 
best of our knowledge, this relationship has never been studied in obese or overweight 
children. 

Methods: We determined the relationship between aerobic fitness (distance in 20 m 
Shuttle Run) and performance indices (fastest sprint time - FS, total sprint time ï TS, and 
performance decrement - PD) of 12 X 20 m repeated sprint tests (RST) in normal weight 
(35.9±6.3 kg) and overweight (52.5±10.0 kg) pre- and early-pubertal children.  

Results: Aerobic fitness was significantly higher (p<0.05) in the normal weight 
(738.9±393 m) compared to the overweight children (468.6±107 m). Fastest sprint time 
and TS were significantly faster in normal weight (4.26±0.49 and 52.99±4.95 s) compared 
to overweight children (4.71±0.65 and 60.30±9.05 s). Significant negative correlations 
were found between aerobic fitness and TS (r= -0.802), FS (r= -0.762) and PD (r= -
0.670) of the RST in normal weight children. Significant negative correlations were also 
found between aerobic fitness and TS (r= -0.767) and FS (r= -0.738) of the RST in 
overweight children. Aerobic fitness was significantly higher among males compared to 
females in normal and overweight children while TS in the RST was significantly faster 
and PD was significantly lower among males in normal and overweight children.  

Discussion: The results indicate that the aerobic fitness as well as anaerobic capabilities 
of normal weight children are significantly higher than overweight children. The results 
also indicate that aerobic fitness plays an important role in intense intermittent activity in 
normal weight and overweight children. Aerobic and anaerobic characteristics of males 
are significantly higher than females in normal and overweight children. 
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Contributing Factors to Performance on the Leger Shuttle Run Among Children 

J. Hay1, J. Cairney2, B. Faught1, N. Tjepkema1, and U. Huh1 

1Brock University; 2McMaster University; Ontario, Canada 

Background: Field assessments of aerobic capacity are an important element in 
epidemiologic investigations of childrenôs physical activity and heart health.  Among the 
most commonly used methods is the Leger shuttle run. While the assessment is 
straightforward this test is not without complexity. Children must be able to run efficiently, 
stop and change direction effectively, judge their speed, and maintain a high level of 
motivation. This investigation attempted to decipher the contributions that thd 
followingfactors: anthropometric variables ï which might affect biomechanical efficiency; 
psychological variables ï motivation and self-efficacy; and   motor proficiency may play in 
performance on the Leger.  

Methods: Results from 190 children (100m, 90f) in Grade Eight (mean age 13.4) from six 
schools in the Niagara Region of Ontario Canada were analyzed. All children were 
familiar with the Leger and were evaluated for self-efficacy using the Childrenôs Self-
perceptions of Adequacy in and Predilection for Physical Activity (CSAPPA) scale, 
physical activity (Participation Questionnaire), height, weight, leg length, hip girth, and 
motor proficiency (Bruininks-Oseretsky). Immediately following the test children rated 
their perceived exertion (RPE) and motivation (RPM).   

Results: Multiple regressions were performed using Leger Stage attained as the 
dependant variable and, as ANOVAs revealed that boys performed significantly better 
than girls on the Leger,  were run separately by gender. After controlling for age and 
weight, each of self-efficacy, motivation, and hip to leg-length ratio added significantly to 
the R2 of .52 for girls while physical activity levels, motivation, and hip to leg length ratio 
added significantly to the R2 for of .62 for boys. Motor proficiency played no role for either 
gender. 

Discussion: These findings suggest that the anthropometric characteristics of a child, 
along with their psychological profile relative to physical activity each play a substantial 
role in performance on the Leger. As girls have significantly higher hip to leg-length ratios 
and commonly report lower self-efficacy toward physical activity these findings provide an 
additional perspective from which to interpret gender differences found in field-based 
studies of aerobic capacity. 
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Muscle Deoxygenation Response at the Onset of Moderate-Intensity Exercise in 
Children and Adults 

E. Leclair1, S. Berthoin1, B. Borel1, H. Carter2, F. Prieur3, G. Baquet1, and P. Mucci1 

1 Faculty of Sports Sciences and Physical Education, Lille 2 University, France; 2 Chelsea 
School, University of Brighton, Eastbourne, UK; 3 Faculty of Sports Sciences, Artois 
University, France 

Background: Some studies demonstrated that younger children displayed a faster 
pulmonary oxygen uptake (VO2p) than adults at the onset of moderate intensity exercise. 
This faster adjustment may be due to a greater oxidative enzyme activity at the muscle 
level. The aim of the study was to examine the temporal relationship between the 
adaptation of muscle O2 consumption, as reflected by the VO2p phase 2 response, and 
deoxygenation of the vastus lateralis muscle measured with Near Infrared Spectroscopy 
during moderate intensity constant load cycling exercise in children and adults. 

Methods: Eleven prepubertal boys (10.3 ±0.9 yrs; 42.8 ±4.7 ml.kg-1.min-1) and 12 men 
(23.9 ±3.9 yrs; 46.6 ±5.9 ml.kg-1.min-1), non trained and non obese, volunteered to 
participate in the study. They performed on cycle-ergometer a maximal graded exercise 
to determine the power associated to ventilatory threshold (PVT1) and four constant load 
exercises at 90% of PVT1. During each trial, VO2p and muscle deoxygenation (HHb) 
were continuously monitored. VO2p phase 2 and HHb kinetics were modelled and 
characterized by time to achieve 63% of the phase amplitude (Ű) and 63% of the overall 
signal (mean response time ï MRT) respectively. 

Results: Mean values of Ű for VO2p (p<0.001) phase 2 and of MRT for HHb (p<0.01) 
were significantly lower in children (11.6 ±3.5 s and 13.5 ±1.4 s) than in adults (24.9 ±4.2 
s and 20.3 ±6.8 s). 

Discussion: Children presented significantly faster muscular VO2p adjustment 
associated with a faster HHb kinetic at the onset of than in adults. Thus these results 
support the enhanced muscular oxidative metabolism in children.  
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Effect of Pedal Rate on Pulmonary Oxygen Uptake Kinetics during High-Intensity 
Exercise in Trained Adolescent Cyclists 

B.C. Breese, C.A. Williams, A.R. Barker, and N. Armstrong 

Childrenôs Health and Exercise Research Centre, School of Sport and Health Sciences, 
University of Exeter, UK 

Background: Exercise above the lactate threshold results in a slow component in 
2OVp#  

that increases O2 cost over time. This component in healthy adults is related to markers 

of muscle activity and is reported to be greater (~ 17 % of the total exercise 2OV# ) at 

higher pedal cadences  (> 100 rpm). Therefore, investigating the effect of different pedal 

rates on the 
2OVp#  response in younger populations would provide important mechanistic 

insights into the basis for the 
2OVp#  slow component in adolescents. We hypothesised 

that there would be a significant difference in the 
2OVp#  kinetic parameters between low 

and high pedal rates in a group of young cyclists. 

Methods: Seven trained males (mean age 16.3, s = 0.9) completed two 6 min óstepô 
transitions to very heavy exercise at a cadence of 55 rpm and 115 rpm. The exercise 
power output was set at 70% of the difference between the pedal rate-specific gas 

exchange threshold (GET) and peak 2OV# . Each participantôs breath-by-breath responses 

were interpolated to 1 s intervals, time aligned, averaged, and fit using a single 

exponential model with a delay term to reveal parameters of the 2OVp#  kinetic response. 

The 2OVp#  slow component was computed as the difference between the amplitude of 

the primary component and the end-exercise 2OV#  and was expressed as the percent 

contribution to the total change in 2OV# .  

Results: There were no significant differences in either the phase II time constant (55 

rpm: 30 ± 5 s, 115 rpm: 29 ± 8 s, P = 0.808), or the relative amplitude of the 2OVp#  slow 

component (55 rpm: 13 ± 3 %; 115 rpm: 15 ± 3 %, P = 0.056) between pedal rates. The 

ódeltaô efficiency, expressed as the change in 2OV#  above baseline per unit increment in 

work rate, was significantly greater at 115 rpm compared to 55 rpm (10.7 ± 1.2 vs. 12.6 ± 
0.6 mL·min-1·W-1 respectively, P = 0.001).     

Discussion: In contrast to adult data, our findings indicate a limited influence of pedal 

rate on the 2OVp#  kinetic response to high-intensity exercise in young trained cyclists. 

These results indicate possible training effects at higher pedal rates related to the 
recruitment of specific muscle fibre types.    
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Arm Cranking and Cycloergometer Wingate Test Performed by Differently Matured 
Swimmers: what is the Importance of Power Results Normalization? 

S. Soares, R. Fernandes, J. Maia, and J. P. Vilas-Boas 

University of Porto, Faculty of Sport, Cifi2d, Portugal 

Background: Wingate test is probably the most widely used method for anaerobic 
performance evaluation. The test output gives maximal (max), mean and minimum (min) 
absolute and relative power (P) values. The need for the normalization of the force and 
power values is not a close discussion and the use of the body weight is not unanimously 
accepted. Indeed, it was not yet answered if the possible insufficiency of the weight as 
normalization factor is independent of the test performed. The present work intends to 
think over that question. 

Methods: Ninety swimmers of three maturational status (30 pre-pubertal, 30 pubertal 
and 30 post-pubertal, been 15 males and 15 females in each group) participated in the 
present study. Swimmers performed two 30s Wingate tests in consecutive days, one arm 
cranking and one cycloergometer. Max, mean and min P values were compared between 
groups (ANOVA) and genders (independent samples T-Test), both for absolute and 
relative values. The total number of significant differences obtained using absolute values 
was compared with the total number of differences obtained using relative values.  

Results: The results obtained could be observed in Table 1. 

Table 1. Comparison of the total number (n) of differences obtained using absolute and 
relative power values. 

 Arm cranking Cycloergometer 

 absolute relative absolute relative 

Pmax 

Pmean 

Pmin 

9 

8 

8 

7  

5 

3 

9 

9 

8 

9 

8 

7 

Total n 25 15  26 24 

In arm cranking, a large number of results changed with the normalization of the P 
values. Changes were mainly observed for pre-pubertal group. 

Discussion: Using body weight as a normalization factor could not be accurate for inter 
and intra group comparisons. Moreover, present study seams to reveal that the effects of 
normalization when body weight is used vary with both the test performed and the 
swimmers maturation. Those facts are of particular concern, once conclusions are 
dependent of statistical results. 

 



 

- 22 - 

2:45 p.m. Wednesday September 30th 

Familiality in Metabolic Syndrome Indicators. A Study with Azorean Families 

J.A.R. Maia, M.A.O.A Campos, A.F. Seabra, R.M.G. Silva, A. Prista, and S. Abreu 

CIFI; 2D and Faculdade de Desporto, University of Porto, Porto, Portugal 

Background: Family members share a lot in common, not only cultural and behavioral 
traits, but also genes identical by descent. As cardiovascular risk factors are highly 
prevalent in many populations, with highly negative implications in health, we wanted to 
identify prevalenceôs of family members with risk factors in the Metabolic syndrome (MS), 
and (2) to estimate the magnitude of genetic factors of the five indicators of the MS in 
families from the Azores archipelago, Portugal. 

Methods: We sampled 133 nuclear families from Azores islands (mean ages: 
fathers=43.17±6.14; mothers=39.78±5.60; sons=12.90±2.56; daughters=13.40±2.66). 
MS indicators include: waist girth (WG), glucose (GLU), high density lipoproteins 
cholesterol (HDL-C), triglycerides (TRI), and systolic blood pressure (SBP). Assessments 
were conducted by specialized personnel (nurses) in Health Centers, and determinations 
of GLU, HDL-C and TRI was done using standard biochemical procedures with subjects 
in fasting conditions. WG and SBP were also measured by nurses during subjectôs visits 
to Health Centers. All subjects gave their written consent. NCEP (2001), and Cook et al 
(2003) cut-off values were used to identify adults and youngsters at risk, respectively. 
Estimation of genetic factors was done in SOLAR, 4.0 using maximum likelihood 
estimation procedures and a t distribution when a high kurtosis was found in a variable. 
All estimates were adjusted for age, sex, and their interactions considering also a non 
linear effect of age. 

Results: Mean values found in all subjects for all MS indicators were: 
WG=91.81±14.69;SBP=117.03±17.31;HDLC=57.76±20.58;TRI=125.87±103.24;GLU=94.
84±29.83. Prevalences of MS in fathers were 34.9%, 26% in mothers, 11.9% in sons, 
and 3.6% in daughters. After adjustments for all covariates (ranging from 0 to 23% of the 
total variance), heritability estimates were: WG=0.28±0.11, p=0.005; SBP=0.61±0.11, 
p<0.001; HDL-C=0.77±0.09, p<0.001; TRI=0.56±0.12, p<0.001; GLU=0.64±0.13, 
p<0.001. 

Discussion: We found high prevalences of risk factors in fathers and mothers, moderate 
in sons, and low in daughters. All MS indicators showed moderate to high genetic 
dependency. This calls for adequate clinical, nutritional and physical activity interventions 
targeted at families at risk. In addition, these programs have to be family wise, given their 
specific clustering (genetic and environmental) so that they may be more effective. 

This project was funded by a grant PTDC/DES/67569/2006 from Portuguese Foundation 
for Science and Technology 
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Ace I/D Genotype Does Not Modify The Longitudinal Relationship Between 
Physical Activity And Blood Pressure During Childhood 
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Background: Our understanding of the inter-relationships among habitual, free-living 
physical activity and resting blood pressure (BP) in children are based mainly upon 
cross-sectional studies. In addition, little is known about the influence of candidate genes 
on the development of BP in children.  

Purpose: The purpose of this study was to investigate the independent effects of 
physical activity and the angiotensin converting enzyme insertion/deletion (ACE I/D) 
genotype on BP development; whilst accounting for the confounding effects of growth.  

Methods: Subject were 157 (75 girls, 77 boys) children participating in a mixed-
longitudinal study. Age at entry was 4 to 8 years of age. Stature, body mass, body 
fatness, resting BP and moderate-to-vigorous physical activity (MVPA) were assessed 
annually for 3 to 4 years. Buccal cell samples were genotyped using newly developed 
PCR-RFLP tests for two SNPs (rs4341 and rs4343) in complete linkage disequilibrium 
with the ACE I/D polymorphism.  Data were analyzed using multi-level random effects 
models.  

Results: Levels of resting BP increased with chronological age, and MVPA decreased in 
the older age groups. The frequency of ACE I/D genotypes was approximately 30% for 
both DD and II with the I/D genotype being the most frequent (41.7%). There was no 
significant influence of MVPA on BP development in boys or girls, even when removing 
fat mass as a confounder. Furthermore, the ACE I/D genotype had no significant 
influence on BP development nor modified the relationship between MVPA and BP 
development.  

Discussion: In conclusion, the ACE I/D genotype had no influence on BP development 
during childhood.  Further study is required to examine if the influence of ACE I/D on BP 
occurs during adolescence or not until adulthood. 

Supported by American Heart Association grant # 0665500Z 
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Metabolic Syndrome and its Genetic Factors: A Study of Twins from Madeira and 
Porto Santo Islands, Portugal 

P.J. Gonçalves1, J.A. Maia1, G.P. Beunen², M.A. Carvalho1, A.M. Brehm2, M.J. Almeida1, 
E.R. Gouveia1, M.A. Thomis², and D.L. Freitas1 

1CIFI, and Faculdade de Desporto, University of Porto, Portugal; ²Department of 
Biomedical Kinesiology, Faculty of Kinesiology and Rehabilitation Sciences, Katholieke 
Universiteit Leuven, Leuven, Belgium 

Background: Overweight and sedentary lifestyles are highly prevalent in modern 
societies. A related co-morbidity is the cluster of several cardiovascular risk factors 
known as metabolic syndrome (MS). Its prevalence is also increasing in most countries. 
Yet, a clear picture of its determinants (biological and environmental) is not yet available. 
We conducted a study in young Portuguese twins to address the question of the 
relevance of genetic factors in explaining the total variance observed in the five indicators 
of the MS. 

Methods: Participants consisted of 207 twin pairs (84 MZ and 123 DZ) from 3 to 18 
years of age. Height, weight and waist girth (WG) and systolic blood pressure (SBP) 
were measured according to standard protocols. Blood samples were collected from all 
subjects in fasting conditions to assess, according to standardized laboratory techniques, 
the levels of HDL-cholesterol (HDL), glucose (GLU) and triglycerides (TRI). Ferranti et al. 
(2004) cut-off values and other suggestions were used to determine the presence of risk 
in all 5 MS indicators across the considered age range. All MS indicators were adjusted 
for age, age2, sex and respective interactions. Data were analyzed using STATA 10 and 
TWINAN92 software. 

Results: Intra-pair correlations for the MS indicators were: SBP, tMZ=0.56±0.07; 
tDZ=0.31±0.08; GLU, tMZ=0.56±0.08; tDZ=0.31±0.08; HDL, tMZ=0.85±0.03; tDZ=0.53±0.06; 
TRI, tMZ=0.71±0.05; tDZ=0.41±0.07; WG, tMZ=0.81±0.03; tDZ=0.26±0.08. Model fitting 
results suggested the presence of significant genetic factors (h2) in all MS indicators: 
SBP, h2=0.59; GLU, h2=0.55; HDL, h2=0.34; TRI, h2=0.61; WG, h2=0.80. The importance 
of unique environmental factors was also evident as this component explained between 
22 and 45% of the total phenotypic variance. 

Discussion: (1) Additive genetic factors explained between 34 and 80% of the total 
variance of the 5 MS phenotypes; (2) the largest part of the common environmental 
variance was accounted for by HDL (explaining 44%), and unique/random variance 
explained between 22 and 45%. This information calls for some care in devising 
intervention programs to reduce these risks factors, because not all subjects will respond 
similarly. This heterogeneity of response should also be considered when designing 
nutritional advice to people with MS, although these issues can be resolved only with a 
genotype*environment interaction study. 

The project ñThe genetic and environmental influences on physical activity, fitness and 
health: the Madeira family studyò, reference POCI/DES/56834/2004, was co-sponsored 
by the Portuguese Foundation for Science and Technology. Participation of Maia J.A.R. 
is also linked to the grant PTDC/DES/67569/2006 from the Portuguese Foundation for 
Science and Technology 
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Effect of Continuous and Intermittent Exercise on Immune Cell Responses in 
Children With and Without a Chronic Inflammatory Disease 

J. Obeid, H.E. Ploeger, T. Nguyen, T. Takken, and B.W. Timmons 

Childrenôs Exercise and Nutrition Centre, Department Pediatrics, McMaster University, 
Hamilton, Ontario, Canada 

Background: The optimal type, duration and intensity of exercise for children with a 
chronic inflammatory disease (CID) remains unknown. A complicating factor is that 
exercise induces an inflammatory response in healthy children. How this translates to 
children with CID remains unknown, but a clearer understanding of exercise and 
inflammation in this population would help inform evidence-based exercise prescription. 

Methods: To date, six healthy children (HG; mean (range), age: 12.3 (9-17)) and three 
children with a CID (DG; 1 cystic fibrosis, 2 Crohnôs disease; 14.7 (11-17)) of similar 
weight and height have participated in this study. The first session involved determination 
of peak mechanical power (PP). During their second and third sessions, children 
performed one of two exercise protocols consisting of either 2x30-min bouts of 
continuous cycling at 50% PP, or 6 sets of 4x15-sec bouts of intermittent cycling at 100% 
PP. Venous blood was drawn at rest (RT), at the mid-point (EX-MID) and end of exercise 
(EX-END), and after 30 (REC-30) and 60 min (REC-60) of recovery to determine 
changes in neutrophil, lymphocyte, and monocyte counts. 

Results: With intermittent exercise, changes in neutrophil counts were similar between 
groups, and had returned to resting levels by REC-30. With continuous exercise, 
changes in neutrophil counts at EX-MID and EX-END were similar in HG and DG; 
however, during recovery, counts in DG continued to increase (mean change from RT ± 
SD at REC-30: 4.0 ± 2.0 x 109/L and REC-60: 5.5 ± 2.5 x 109/L), while counts in HG were 
maintained (REC-30: 1.4 ± 1.4 x 109/L, REC-60: 2.4 ± 2.3 x 109/L). Lymphocyte and 
monocyte responses during and following both types of exercise were not different 
between groups and returned to resting levels by REC-30. 

Discussion: Recovery of these immune cells appears rapid in healthy children. 
However, neutrophil counts continued to increase following continuous cycling in children 
with CID, which may reflect a lack of habituation to prolonged exercise. In contrast, 
intermittent exercise did not have prolonged effects in this group, suggesting that 
intermittent activity may minimize the exercise-induced inflammatory response in children 
with CID. 
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Anabolic Hormones and Inflammatory Markers in Elite Male and Female 
Adolescent Payers Following a Volleyball Practice 

A. Eliakim1, S. Portal1, Z.Zadik2, J. Rabinowitz3, D. Adler-Portal1, D.M. Cooper4, 
F.Zaldivar4, and D. Nemet1 

1Child Health & Sport Center, Pediatric Department, Meir Medical Center, Sackler School 
of Medicine, Tel-Aviv University, Israel; 2Pediatric Endocrine Unit, Kaplan Medical Center, 
Rehovot, Israel; 3Bar-Ilan University, Ramat Gan, Israel; 4Pediatric Exercise Research 
Center, Department of Pediatrics, University Childrenôs Hospital, University California, 
Irvine, California, USA 

Background: The effect of a single exercise and/or exercise training on the GH-IGF-I 
axis and inflammatory cytokines was studied mainly in adults participating in 
individualized endurance-type sports. The gender-specific effect of exercise on these 
systems in adolescents is unknown.  

Methods: Therefore, the purpose of this study was to evaluate the effect of a typical 
volleyball practice on anabolic (GH, IGF-I and testosterone] and catabolic hormones 
(cortisol), and inflammatory mediators (IL-6) in elite, national team level, male (n=14) and 
female (n=13) adolescent volleyball players (13-18 years, Tanner stage 4-5). Exercise 
consisted of a typical one hour volleyball practice. Blood samples were collected before 
and immediately after the practice.   

Results: Exercise led to significant increases in GH (0.2±0.1 to 2.7±0.7 and 1.7±0.5 to 
6.4±1.4 ng/ml, in males and females respectively, p<0.05 for both), testosterone (6.1±0.9 
to 7.3±1.0 and 2.4±0.6 to 3.3±0.7 ng/ml, in males and females respectively, p<0.05 for 
both), and IL-6 (1.1±0.6 to 3.1±1.5 and 1.2±0.5 to 2.5±1.1 pg/ml, in males and females 
respectively, p<0.002 for both). Exercise had no significant effect on IGF-I, IGFBP-3 and 
cortisol levels. There were no gender differences in the hormonal response to training.  

Discussion: Changes in GH and testosterone following the volleyball practice suggest 
exercise-related anabolic adaptations. The increase in IL-6 may indicate its important role 
in muscle tissue repair. These changes may serve as an objective, quantitative tool to 
monitor training intensity in unique occasions in team sports.  
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Components of the Metabolic Syndrome and Cytokines in Adolescents  

D.A. Rubin, R.G. McMurray, J.S.HARRELL, and A.C. Hackney 

California State University Fullerton, CA, USA, University of North Carolina at Chapel Hill, 
NC, USA 

Background: Increased adiposity has been associated with systemic inflammation and 
the production of specific cytokines linking obesity to insulin resistance and 
cardiovascular disease. This potential mechanism has been less studied in children. The 
purposes of this study were 1) to evaluate the associations of different adipokines 
(resistin, adiponectin, TNF-Ŭ and IL-6) with blood pressure and lipid profiles, and 2) to 
evaluate if these associations were dependent on weight status. 

Methods: Sixty normal weight (BMI <75th %tile) and sixty overweight (BMI>95th %tile) 
adolescents ages 10-14 years participated in this study. Resting systolic and diastolic 
blood pressure (SBP, DBP) were obtained in duplicate. Circulating resistin, adiponectin, 
TNF-Ŭ, IL-6, total (TC), LDL, HDL- cholesterol, and triglycerides (TG) were measured 
from fasting plasma samples. In the regression analyses BMI percentile was dummy 
coded 1= <75th %tile and 0= > 95th %tile. 

Results: Simple correlations showed that SBP was significantly correlated (p<0.05) with 
adiponectin (r=-0.185), resistin (r=0.207), and IL-6 (r=0.238); HDL was significantly 
related to adiponectin (r=0.398) and TNF-Ŭ (r=-0.227). TG was only related to 
adiponectin (r=-0.292, p<0.05).  Multiple regression models controlling for gender and 
ethnicity indicated that SBP was associated with adiponectin (R2= 0.075, p<0.05), resistin 
(R2= 0.072, p<0.05), and IL-6 (R2= 0.098, p<0.05). These associations were independent 
of weight status except for resistin. Regression models showed the association between 
HDL and adiponectin was stronger in overweight versus normal weight youth (p<0.05).  
Triglycerides were only related to adiponectin (R2=0.176, p<0.05) and this association 
disappeared when including weight status in the model. 

Discussion: Similarly to adults, blood pressure and HDL are associated with adipokines 
in adolescents. From all the studied adipokines, adiponectin was the one associated with 
most of the components of the metabolic syndrome; perhaps because of its production 
by the adipose tissue. Some associations are dependent on weight status. Particularly, 
higher concentration of adiponectin is associated with higher concentration of HDL in 
overweight adolescents, certainly a protective mechanism for cardiovascular disease. 
However, the mechanism between resistin and blood pressure appears to be 
independent of body fat and warrants further study. 

Supported by NIH-NINR grant RO1-1837. 
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Acute Hormonal Response of Male and Female Adolescents to a Taekwondo 
Fights Simulation Day 

R. Pilz-Burstein, Y. Ashkenazi, N. Shamash, M. Epstein, I. Sela, L. Zigel, Y. Cohen, and 
A. Eliakim 

Wingate Institute, Netania, Israel 

Background: Taekwondo is characterized by discontinious explosive, rapid movements 
and requires anaerobic and aerobic power.  Little is known about  the physiologic and 
endocrine response of young competitors to series of Taekwondo fights.. Thus, we 
examined hormonal response of males and females Taekwondo athletes to a fights 
simulation day. 

Methods: Twenty three athletes ( M=13; F= 10) 13.9 ± 1 yr , belonging to the junior 
Israeli national team participated in the study. Body weight, height, and LBM was 49±9.9, 
50±6.8 kg, 161.0±13.7, 158.0±4.7 cm, 42.1±1.8, 38.0±2.8 kg, for boys and girls, 
respectively. Sexual maturation based on Tanner scale was 3.7±1.1 for males and 
3.2±0.8, for females. Blood samples for hormone analysis were taken at early morning 
before and again immediately after the fights. Finger blood for lactate analysis was taken 
immediately after warm-up towards the first fight and again immediately after the third 
fight. The fights simulation day was managed by certified referees.  

Results: Lactate level at the end of the third fight was 7.1±2.7 and 8.6±1.7 mmol/l in 
males and females, respectively. IGF-1 decreased from 349±102 to 321 ±96ng/ml in 
males (p<0.05) and from 401± 84 to 380±77ng/ml in females (N.S). Cortisol increased 
from 18.0 ±3.7 to 19.3 ±7.6mcg/dl in males and from 20.4±4.0 to  22.8±5.1mcg/dl in 
females. Testosterone decreased significantly after the third compared to first fight in 
males (p<0.05) with no change in females. Free-androgen index (FAI) dropped markedly 
in males (from 32.4±25.9 to 10.4±10. 8) but not in females. LH and FSH although 
decreased slightly in both genders, did not reach level of significance. 

Discussion: Based on IGF-1 and testosterone response to a sequence of Taekwondo 
fights, it is suggested that under similar physical stress conditions, the anabolic response 
of female competitors is greater compared to males, reflecting a more efficient recovery 
phase in the formers. These differences should be considered when developing a sport-
specific conditioning program for both male and female athletes.  
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Gender Specific Associations Between Components of Sedentary Behaviour, 
Physical Activity and Body Fatness In 8-10 Year Old Children Reporting High 
Media Usage 
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Background: Studies examining associations between media use, physical activity (PA) 
and body fatness in children are limited by failing to isolate the strength of associations 
between specific components of sedentary behaviour or PA. Relationships between 
screen-based activities, PA components and percent subtotal body fat (%BF) were 
examined in children exceeding the daily recommended 2 hours of engagement with 
electronic media (American Academy of Pediatrics, 2001). 

Methods: Dual-energy x-ray absorptiometry measured %BF in 18 girls (age mean 9.3, 
SD 0.6 years) and 29 boys (age mean 9.2, SD 0.6 years). Time spent viewing television 
(TV), playing inactive, active and all (inactive + active) video games (VG), and, total 
screen time (ST: total VG + TV) were assessed by self-report questionnaire. PA (counts 
and steps) was measured using ActiGraph accelerometers, with data analysed using 
individually calibrated activity count thresholds for PA at 4kmĀh-1 (PA4, equivalent to 
walking) and 8kmĀh-1 (PA8, equivalent to jogging), and a sedentary threshold of 100 
counts per minute (cpm). Partial correlations (controlled for maturation) evaluated the 
strength of relationships between variables. 

Results: Approximately 65% of girls and 72% of boys participated in at least 60 daily 
minutes of PA>4. Boysô PA>8 was more than double that of girls (minsĀday mean 14.3, 
95% CI 9.6-19.1 compared with a mean of 6.0, 95% CI 3.2-8.8 in girls; p<0.01). There 
were significant negative correlations for inactive VG, total VG, TV and ST with PA>8 (r>-
0.4, p<0.05) in girls, and between TV and PA>8 (r=-0.481, p<0.001) in boys. Correlations 
with %BF for all VG, TV and ST were non-significant in both genders. Daily steps were 
negatively correlated with %BF (r=-0.428, p<0.05) in girls. In boys, %BF was positively 
correlated with time spent sedentary (r=0.419, p<0.05) and negatively correlated with 
PA4, PA>4, total PA, cpm and daily steps (r>-0.35, p<0.05). 

Discussion: High intensity PA was inversely related to screen-based activities in boys 
and girls who exceed electronic media guidelines. In boys, %BF was positively 
associated with sedentary time and negatively associated with moderate-to-high intensity 
and total PA. Only daily steps were related to %BF in girls. 

American Academy of Pediatrics (2001) Pediatrics 107 423-26 

 
 




