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Resumo 

A presente dissertação investiga sobre se a prática regular de futebol em 
contexto extra-escolar é passível de induzir ganhos na saúde em crianças pré-
púberes. A aptidão cardiorrespiratória, pela sua forte ligação a índices de 
saúde e aptidão física, foi adotada como indicador transversal da dissertação. 
Assim sendo, procurou-se determinar se um teste de terreno implementado em 
contexto escolar - o Yo-Yo Intermittent Endurance Test - Nível 1 (Yo-Yo IE1) - 
permitia avaliar a aptidão cardiorrespiratória. Numa primeira fase, estudou-se a 
cinética da frequência cardíaca (FC) durante o Yo-Yo IE1 em crianças do sexo 
masculino tendo em conta a aptidão física, o peso e a prática regular de futebol 
em contexto extra-escolar. Os resultados indicaram que a cinética da FC 
durante o teste parece ser influenciada pelo peso e aptidão física dos 
participantes. Posteriormente, investigou-se a possibilidade de utilizar uma 
versão submáxima do Yo-Yo IE1 para monitorizar a aptidão cardiorrespiratória 
das crianças de forma regular. Os resultados revelaram que os valores 
absolutos da FC numa versão submáxima do teste podem ser utilizados para 
monitorizar mudanças na aptidão cardiorrespiratória de crianças pré-púberes. 

Por último procedeu-se ao estudo do impacto da prática regular de futebol, em 
contexto extra-escolar, na aptidão física, fatores de risco cardiovascular e 
função cardíaca autonóma em crianças pré-púberes. As crianças envolvidas 
em prática regular de futebol apresentaram ganhos significativos em todos os 
parâmetros avaliados, comparativamente a crianças não envolvidas em prática 
regular de atividade física extra-escolar.  

A presente dissertação consubstancia que o Yo-Yo IE 1 é uma ferramenta 
válida para aferir a aptidão física de crianças pré-púberes e que a prática 
regular de futebol em contexto extra-escolar é passível de induzir ganhos na 
saúde em crianças da mesma idade. 

PALAVRAS CHAVE: FUTEBOL, JOVENS, CARDIORESPIRATÓRIO, FUNÇÃO 
CARDÍACA AUTÓNOMA, YO-YO IE1.!



! XIII 

Abstract 

The present thesis aimed to investigate the impact of the engagement with 
regular after-school football practice on several health parameters in pre-
pubertal male children. Cardiorespiratory fitness is a key factor within the 
multidimensional nature of physical fitness and it is highly related to enhanced 
health levels. Therefore, cardiorespiratory fitness is the main outcome in the 
present thesis. We primarily investigated if a field test implemented in school 
context – the Yo-Yo Intermittent Endurance Test – Level 1 (Yo-Yo IE1) - could 
translate children’s cardiorespiratory fitness. Firstly, we started to investigate 
the kinetics analyses of heart rate response to the Yo-Yo IE1 in pre-pubertal 
boys according to the physical fitness, body weight and engagement with 
regular, extra-school football practice. Results showed that heart rate kinetics 
during the Yo-Yo IE1 was influenced by the participant’s body weight and 
physical fitness. Secondly, we have investigated the usefulness of a 
submaximal version of Yo-Yo IE1 as a tool to monitor changes in 
cardiorespiratory fitness in school children under the age of 10 years. Results 
indicated that absolute heart rate values of a submaximal version of the test 
might be used to monitor changes in children’s cardiorespiratory fitness. Thirdly, 
we have investigated the impact of the engagement with regular extra-school 
football practice on physical fitness, cardiovascular risk factors and autonomic 
cardiac function of pre-pubertal boys. Children involved with football practice 
presented significant higher levels of physical fitness, less cardiovascular risk 
factors and better autonomic cardiac function compared to children not engaged 
with regular extra-school physical activity. 

The present thesis supports that the Yo-Yo IE1 is an adequate tool to assess 
pre-pubertal male children fitness status, and regular extra-school football 
practice is capable of enhancing health levels on pre-pubertal male children. 
 
KEYWORDS: SOCCER, YOUTH, CARDIORESPIRATORY, AUTONOMIC 
CARDIAC FUNCTION, YO-YO IE1!
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1. General introduction 

 

The present thesis begun with the urge to answer a simple question: is 
football practice an effective health-promoting activity in pre-pubertal children? 
To answer this we have conducted a series of studies on pre-pubertal boys, 
which are presented on the current work. Firstly we began by investigating a 
proper method to evaluate children’s cardiorespiratory fitness in the school 
context. Cardiorespiratory fitness is a key factor within the multidimensional 
nature of physical fitness and it’s highly related to enhanced health levels. This 
justifies the need to be regularly assessed in children population. Therefore we 
chose to analyse the Yo-Yo Intermittent Endurance Test – Level 1 (Yo-Yo IE1), 
namely the heart rate kinetics during its performance according to distinct 
physical fitness and body weight levels and to the engagement with extra-
school football practice (Study I).  

Secondly, since the Yo-Yo IE1 is a maximal test, implying several 

constrains when its regular application is a demand, especially on early-aged 

populations and in school contexts, we have decided to investigate the 
usefulness of a submaximal version of Yo-Yo IE1 as a tool to monitor changes 
in cardiorespiratory fitness in school children under the age of 10 years (Study 
II). 

Lastly, we have conducted two studies in which we have analysed the 
impact of the engagement with regular, extra-school, football practice on 
children’s health parameters. The first one was dedicated to the impact on 
children’s physical fitness and cardiovascular risk factors (Study III) and the 
second on the impact on the children’s autonomic cardiac function (Study IV). 

On the next pages we will take a look at the current literature in order to 
develop a theoretical basis to our work. 

!
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2. Football for health 

  
 The impact of exercise in health parameters has been subject of 
numerous studies in the past years (Krustrup, Dvorak, Junge, & Bangsbo, 
2010). According to Pedersen and Saltin (2006), exercise is an effective mean 
for prevention and treatment of cardiovascular and respiratory diseases (e.g., 
asthma, chronic obstructive pulmonary disease, coronary heart disease, chronic 
heart failure, intermittent claudication), metabolic syndrome related disorders 
(e.g., insulin resistance, type 2 diabetes, dyslipidemia, hypertension, obesity), 
type 1 diabetes, muscle, bone and joint diseases (e.g., osteoarthritis, 
rheumatoid arthritis, osteoporosis, fibromyalgia, chronic fatigue syndrome), 
cancer, and depression. Most of the research on this topic has focused on 
individual physical activities with continuous exercise and/or at constant 
intensity such as running and cycling. Until recently, little was known about the 
impact of intermittent exercise activities and team games, such as football 
(Krustrup et al., 2009). Since then, a long path has been pursued and presently 
the focus on intermittent exercise activities is of upmost importance. 
 The popularity of football and the high number of participants in regular 
football activities worldwide gives it the potential to play an important role in 
awareness and prevention of several diseases, leading people to develop 
exercise habits (Blatter & Dvorak, 2010). Unlike most running activities, football 
is functionally characterised by intermittent exercise activities, which are 
accepted to induce specific acute and chronic physiological adaptations 
(Bangsbo, 1993). Football practice has multicomponent demands over different 
physical components: speed, agility, power, strength, endurance, and 
coordination. Furthermore, motivation of the participant plays a key role for 
adhesion and long last compliance in training programmes, particularly when 
dealing with untrained people. Thus, to engage sedentary people in regular 
physical activity, we must offer familiar and enjoyable training activities. At this 
point, we must relieve the attractiveness of team sports (e.g. football, 
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basketball, volleyball, handball), given their social relevance for people 
worldwide.  

Recently, some solid research has been done regarding the effects of 
football training programmes in several health parameters (Blatter & Dvorak, 
2010; Krustrup, Aagaard, et al., 2010; Krustrup, Dvorak, et al., 2010), however 
most of the investigation has been conducted in adults. In the present thesis, 
we intend to investigate the impact of the engagement with regular football 
practice on several health parameters of pre-pubertal male children. On the 
following pages we will further explain the current theoretic status of this area of 
application of knowledge. 

 

2.1 Physical and physiological demands of football 
  

Football’s unarguably popularity and economic impact worldwide has 
raise the need to understand the key factors behind top-level performance 
(Reilly, Bangsbo, & Franks, 2000). Additionally, the top football clubs are 
constantly seeking for emerging star-players, since the economic benefits of 
recruiting promising youngsters and developing them to full potential are 
obvious. This situation has led to the proliferation of football academies 
attached to the professional football clubs worldwide (Reilly et al., 2000). 
Inevitably, the physical and physiological demands of competitive football 
practice have been subject of a vast research on the last decades. 
Cardiovascular workload, metabolic responses, muscle adaptations and time-
motion analysis are among the parameters that have been subject of study. 

 The predominant metabolic demands during football practice are aerobic 
(Bangsbo, 1993; Reilly et al., 2000), with mean and peak heart rate of around 
85% and 98% of maximal values, respectively (Bangsbo, 1993; Ekblom, 1986; 
Krustrup, Mohr, Ellingsgaard, & Bangsbo, 2005; Reilly & Thomas, 1979) and 
average oxygen uptake of around 70% VO2máx (Bangsbo, Mohr, & Krustrup, 
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2006). Aerobic performance is determined by aerobic power, which reflects the 
ability to produce aerobic energy at a high rate, and aerobic capacity, which, on 
the other hand, expresses the ability to sustain exercise for a prolonged period 
of time (Reilly et al., 2000). Aerobic activity during competitive football is 
primarily composed of movements without the ball, like creating spaces for 
teammates to play the ball or to deceive opponents, or following runs by 
opposition players (Bangsbo, 1993; Bangsbo et al., 2006). It is also vital for the 
proper recovery between high-intensity actions, which are common during 
football practice (Bangsbo, 1996a). 

 The physical and physiological impact of small-sided football games has 
also been subject of study in the past years, since this is a common format of 
football practice, especially in early ages and in school contexts (Rampinini et 
al., 2007). Despite being mainly used for the development of technical and 
tactical abilities in the past, small-sided games are also employed as an 
effective tool for aerobic training (Drust, Reilly, & Cable, 2000; Hill-Haas, Coutts, 
Rowsell, & Dawson, 2008; Rampinini et al., 2007; Reilly & Gilbourne, 2003). 
Recently, a 12-week programme of aerobic interval training performed using 
small-sided football games has proven to be effective in improving 
cardiorespiratory fitness and physical match performance (Impellizzeri et al., 
2006), and evidence was found that five-a-side football exercises, performed in 
a small-size pitch produced heart rate responses within the intensity range 
effective for improving aerobic fitness and football performance (Hoff, Wisloff, 
Engen, Kemi, & Helgerud, 2002).  

Regular recreational football practice, performed two or three times a 
week, seems to induce a physical and physiological impact similar to high-level 
practice, providing significant cardiorespiratory and muscular adaptations 
independently of age, gender and experience (Krustrup, Aagaard, et al., 2010; 
Krustrup et al., 2009). Children are not an exception, but the literature on this 
field is still scarce. In a study conducted with 8- to 9-year-old school children, 
Bendiksen et al. (2014) found mean heart rates of around 80% of maximal heart 
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rate in recreational football small-sided games and that 10 to 15% of the total 
playing time was spent in the zone above 90% of maximal heart rate. It was 
also observed that these small-sided games elicited high physiological impact 
for all participants, irrespective of gender, fitness level, body compositions and 
sports club participation (Bendiksen et al., 2014; Lucini et al., 2013; Madsen, 
Thompson, Adkins, & Crawford, 2013). 

 

2.2 Health implications of regular football practice 

 
Football practice seems to be an effective health-promoting activity and 

its impact in health parameters has been subject of numerous studies in recent 
years (Blatter & Dvorak, 2010; Krustrup, Aagaard, et al., 2010; Krustrup, 
Dvorak, et al., 2010). Clear evidence of the benefits of football practice has 
been found on several health parameters of distinct populations, namely on the 
physical, physiological, psychological and social domains (Krustrup, Aagaard, et 
al., 2010; Krustrup, Dvorak, et al., 2010; Krustrup et al., 2009; Randers, 
Nielsen, Krustrup, Sundstrup, Jakobsen, Nybo, Dvorak, Bangsbo, et al., 2010). 
In the present thesis, we focused on the impact of football practice on physical 
fitness, cardiovascular risk factors and autonomic cardiac function in children. 

 
 
2.2.1 Impact on physical fitness 

 
Regular sports participation is commonly associated with enhanced 

physical fitness of both adults (Impellizzeri, Rampinini, & Marcora, 2005; 
Krustrup et al., 2009) and youngsters (Ara et al., 2004; Bendiksen et al., 2014). 
Increased physical activity levels over an extended period of time results in 
improved physical fitness (Gutin et al., 1990; Vicente-Rodriguez et al., 2003). It 
is also documented that physical fitness, especially cardiorespiratory fitness, is 
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sensitive to the exercise intensity, with higher intensities inducing higher gains 
(Gutin et al., 2002). The decisive role of exercise intensity in the health 
outcomes of physical activities is also emphasized by Bergeron (2007). 
Therefore, football, as an activity associated with high-intensity exercise 
(Bangsbo, 1993), seems to gather the conditions to act as a tool to improve 
physical fitness levels of distinct populations. 

In a study conducted with prepubertal boys, Ara et al. (2004) found better 
results for cardiorespiratory fitness, running speed and height jumped in squat 
jumps for the group engaged with regular football practice, comparing to a 
control group without football practice. Similar results were found by Vicente-
Rodriguez et al. (2003) in a study conducted with an identical experimental 
design. Gains in physical fitness levels also seem to be independent of the body 
composition of children. In fact, Sola, Brekke, and Brekke (2010) found 
significant improvements on the physical fitness of obese children after a 
longitudinal one-year study that included regular football practice. Faude et al. 
(2010) also found improved physical fitness, among other health-related 
parameters, in overweight male children after a 6-month football training 
programme. Concurrently, the effect of small-sided football games, a commonly 
used format in children football practice (Rampinini et al., 2007), seem to 
provide a marked physiological response independently of age, social status 
and prior experience with football practice (Randers, Nybo, et al., 2010). 

It is well documented that gains in physical fitness levels due to football 
practice are not exclusive of children. Similar gains were detected in adult 
populations after regular engagement with football practice (Impellizzeri et al., 
2006; Randers, Nielsen, Krustrup, Sundstrup, Jakobsen, Nybo, Dvorak, 
Krustrup, et al., 2010). Significant improvements in aerobic fitness were found 
by Impellizzeri et al. (2006) after a football intervention consisting of small sided 
games in junior football players comparing to a specific aerobic training 
programme. Similarly Randers, Nielsen, Krustrup, Sundstrup, Jakobsen, Nybo, 
Dvorak, Krustrup, et al. (2010) have found significant gains in aerobic fitness, 
plantar jump force and sprint performance in untrained adult males, after a 12-
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week football intervention. Interestingly, these gains can be maintained over 
time even with reduced training frequency (Randers, Nielsen, Krustrup, 
Sundstrup, Jakobsen, Nybo, Dvorak, Krustrup, et al., 2010). 

Research has also focused on muscle-skeletal fitness parameters. 
Krustrup, Christensen, et al. (2010) found an increase in the thigh muscle mean 
fibre area following a period of recreational football training in young and middle 
aged untrained men. The observed gain, 15%, in mean muscle fiber area was 
comparable in magnitude with that observed by Aagaard et al. (2001) after 14 
weeks of heavy resistance strength training in young men, 18%. Therefore, 
recreational football training appears effective on promoting adaptations in 
neuromuscular function, although the response is somewhat less sharped 
compared with that achieved by strength training (Krustrup, Aagaard, et al., 
2010).  
 

2.2.2 Impact on cardiovascular risk factors 

 

Unfavourable cardiovascular risk profiles have been described in both 
adults and younger populations, particularly in children with low levels of 
cardiorespiratory fitness and high percentages of body fat (Owens et al., 1998), 
and it has been observed a trend to track through adulthood (Andersen, 
Hasselstrom, Gronfeldt, Hansen, & Karsten, 2004). A strong relationship 
between clustered risk and physical fitness, specially cardiorespiratory fitness, 
has also been identified (Andersen et al., 2004). Football, as a highly physical 
demanding activity, has proven to induce enhanced physical fitness levels 
(Impellizzeri et al., 2005; Krustrup et al., 2009), therefore might act as a valid 
tool to overcome undesirable cardiovascular risk profiles. In order to understand 
the impact of football practice in the cardiovascular risk factors of distinct 
populations, a large amount of studies have been conducted, although mostly in 
adult populations. 
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Krustrup et al. (2009) observed lowered resting systolic and diastolic 
blood pressure after 12 weeks of recreational football in untrained males with 
values similar to those observed after a period of endurance training with the 
same duration and volume. The lowered blood pressure was associated with a 
reduction in resting heart rate, which may reflect a lowering of the sympathetic 
outflow, and thereby reduced systemic vascular resistance, and muscle 
capillarization, expressed as number of capillaries per fibre, was considerably 
elevated after this training programme (Krustrup et al., 2009). Concerning 
fitness-related metabolic parameters, Krustrup, Christensen, et al. (2010) found 
that fat oxidation during low and moderate intensity exercise was elevated with 
a corresponding lowering of blood lactate, indicating a marked change in 
substrate utilization after training. Fat mass was also lowered by 2.7 kg, lean 
body mass was increased and the LDL/HDL-cholesterol ratio was markedly 
changed, due to a significant decrease in LDL-cholesterol and a tendency for an 
increase in HDL-cholesterol (Krustrup et al., 2009; Nybo et al., 2009). In a study 
by Saltin et al. (1979), in which 3 months of football training and dietary advice 
was provided for a group of 47–49-year-old men with type II diabetes, it was 
observed a significant increase in glucose tolerance and muscle enzyme 
activity, showing that football has the potential to lower the risk of diabetes. 
Football training appears to be an efficient activity to improve metabolic fitness 
by improving blood lipid profile, fat oxidation, capillary density, muscle mass and 
glucose tolerance (Krustrup, Aagaard, et al., 2010). 

More recently, the impact of football training programmes on the 
cardiovascular risk of children has also been subject of analysis. In a study 
conducted with 542 adolescents, Pahkala et al. (2012) found an increased 
tendency for clustered metabolic risk on sedentary individuals compared with 
physically active peers, including individuals engaged with regular football 
practice. Positive structural and functional effects on the cardiovascular system 
of overweight children have also been identified after a short-term football 
training programme (Hansen et al., 2013), namely alterations of selected 
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echocardiographic variables and stabilisation of systolic blood pressure. 
Krustrup et al. (2014) also investigated the cardiac effects of a 10-week football 
training programme for school children, using comprehensive transthoracic 
echocardiography. Significant structural and functional cardiac adaptations, 
namely the increase of left ventricular posterior wall diameter, interventricular 
septum thickness and global isovolumetric relaxation time, have occurred after 
the intervention, which reinforces the role of football programmes on the 
improvement of cardiovascular function and lowering of cardiovascular risk 
(Krustrup et al., 2014). Metabolic and cardiorespiratory enhancements, such as 
decrease in body mass index, waist circumference, waist circumference/height 
ratio, fat mass percentage, blood glucose, triglycerides and systolic blood 
pressure before and after exercise, have also been found by Calcaterra et al. 
(2013) on obese children after a 12-week intervention including football 
practice. 

Regular football practice seems to be an effective mean to lower 
cardiovascular risk of both adults and children. On the present thesis we intend 
to further investigate the relation between regular football practice and 
cardiovascular risk in male children. 

 

2.2.3 Impact on autonomic cardiac function 

 
Regular physical activity induces increased parasympathetic and 

decreased sympathetic activity at rest (Furlan, Pagani, & Malliani, 1993; Iellamo 
et al., 2002; Verlinde, Beckers, Ramaekers, & Aubert, 2001). Higher levels of 
physical activity and physical fitness also induce superior levels of 
parasympathetic activity in children (S. R. Chen, Chiu, Lee, Sheen, & Jeng, 
2012; Michels et al., 2012), which is associated with improved health status. 

Radtke et al. (2013) found that children with higher volume of sports club 
participation improved vagal activity during sleep, comparing with children with 
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lower volumes of sports club participation. Previously, Hautala, Makikallio, 
Seppanen, Huikuri, and Tulppo (2003) have demonstrated similar results in 
healthy middle-aged men. Cardiorespiratory fitness and physical activity also 
seem to have a positive effect on reducing obesity-related health risks by 
improving heart rate variability on obese adults (Kaikkonen et al., 2014). 
However, results obtained by Felber Dietrich et al. (2008) indicate that the 
improvements on heart rate variability after physical activity programmes are 
independent of weight status, and apply to both normal weight, overweight and 
obese subjects. When it comes to children, the impact of regular exercise on 
autonomic cardiac function does not seem to be as unanimous as on adults. 
After a systematic meta-analysis to the current literature on the field, da Silva, 
Pereira, Cardoso, Moore, and Nakamura (2014) did not find clear and solid 
evidences of the positive impact of regular exercise on the autonomic cardiac 
function of children. 

Nonetheless, a few studies seem to indicate that recreational football 
practice has a positive effect in heart rate variability of both adults and children. 
During a 12-week football intervention on active men with mild hypertension, 
Knoepfli-Lenzin et al. (2010) have noticed a significant increase in 
parasympathetic activity at rest. Bricout, Dechenaud, and Favre-Juvin (2010), in 
a study conducted with 14-year old football players, have found an increase of 
the sympathetic stimulation caused by the physical and psychological load of a 
football match. Lucini et al. (2013) also found altered autonomic cardiovascular 
profiles in young overweight football players, with increased sympathetic 
regulation after football practice. 

Despite the large literature available on the effects of physical activity on 
autonomic cardiac function of both adults and children, only a few studies have 
focused on the outcomes of regular football practice. Even though football 
practice seems to be an effective way to improve autonomic cardiac function of 
distinct populations, a larger amount of investigation is necessary in order to 
understand this phenomenon with rigor. In the present thesis we seek to 
analyse the impact of regular football practice in the autonomic cardiac function 
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of male children, using heart rate variability as the primal indicator, therefore 
contributing to the current literature on this particular field. 
 

3. Assessment of physical fitness 

  

 The relationship between physical fitness and health on children is well 
documented. Improved physical fitness levels on children populations are 
positively related to the prevention of overweight and obesity (Ortega, Ruiz, & 
Castillo, 2013) and reduction of overall cardiovascular risk factors (LaMonte & 
Blair, 2006; Lobelo, Pate, Dowda, Liese, & Ruiz, 2009; Soares Ferreira & 
Ramos Duarte, 2013). Also, enhanced physical fitness has been related with 
the improvement of several metabolic indicators, such as reduced fasting 
insulin, glucose, triglycerides, LDL-C, blood pressure and higher HDL-C (Ortega 
et al., 2013; Ruiz et al., 2007). Additionally, enhanced physical fitness has a 
positive effect on the prevention of asthma on school-aged children (Y. C. Chen 
et al., 2014). 

The relation between physical fitness and health highlights the need to 
collect physical fitness data at the school context (Strong et al., 2005). Even 
though the most valid assessments of fitness require sophisticated laboratory 
equipment and a high level of expertise, they are not available for large-scale 
testing (Catley & Tomkinson, 2013). However, properly conducted field tests 
have proven to be valid and reliable to measure the distinct indicators of 
physical fitness (Ortega et al., 2008; Ruiz et al., 2009). Concomitantly, several 
studies have been conducted over the past years in order to understand the 
impact of physical fitness levels, among other indicators, on youth populations. 
The European Youth Heart Study (Ekelund et al., 2007; Ruiz et al., 2007), 
dedicated to the study of the interactions between personal environment and 
lifestyle influences on cardiovascular risk factors in children, and the HELENA 
study (Ortega et al., 2011), focusing on the collection of reliable data about 
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several health related parameters of European adolescents ─ including 
physical fitness levels ─ are prime examples of large scale studies focused on 
this particular subject. 

 Physical fitness presents a multidimensional structure, representing the 
evaluation of a set of specific indicators (Marsh, 1993). Strength, speed and 
cardiorespiratory fitness seem to be the main variables composing an overall 
physical fitness score (Augste & Kunzell, 2014; Jurak, Cooper, Leskosek, & 
Kovac, 2013; A. Marques, Santos, Ekelund, & Sardinha, 2014; Marsh, 1993). 
The multifactorial nature of physical fitness implies that the omission of one of 
its components might implicate a less rigorous general evaluation (M. Marques, 
Gil, Ramos, Costa, & Marinho, 2011; Marsh, 1993). Therefore, results from 
individual tests can be grouped in the form of composite, based on individual z-
score calculations, in order to reflect the subject’s overall physical fitness level 
(Augste & Kunzell, 2014; A. Marques et al., 2014). Battery tests, such as the 
FITNESSGRAM (Cooper, 2007) are also commonly used to assess physical 
fitness levels of children and present a predetermined score method not based 
on z-scores. 

In the present thesis we have assessed speed, at both 5-m and 15-m 
distance, lower limb muscle strength via countermovement jump, and 
cardiorespiratory fitness via the Yo-Yo Intermittent Endurance Test – Level 1. 
To reflect the overall physical fitness level of the children, we have calculated a 
composite score, based on the z-scores of each individual test. All tests have 
been extensively used with football populations. The use of a standard battery 
test was discarded since we believe that using individual physical fitness tests 
with stronger relation to the context of football practice might translate the 
impact of football programmes more effectively. Moreover, comparisons with 
other studies on the effects of football practice on health parameters were 
facilitated. 

For instance, sprint time at 5 and 15 m was utilised to express the 
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children’s running speed. Running over-ground is still the easiest, most popular, 
accurate and reliable measurement of youth’s sprint capacity (Rumpf, Cronin, 
Oliver, & Hughes, 2011). In our studies, speed was evaluated with a 15-m sprint 
test, which has proven to be a valid and reliable mean to measure sprint 
performance (Bishop, Spencer, Duffield, & Lawrence, 2001). Children were 
instructed to run as fast as possible from a standing position. Elapsed times 
were measured using 3 pairs of photoelectric cells positioned at the starting 
line, and at 5 and 15 m.  

Similarly, countermovement jump height is extensively used to measure 
lower limb power and explosiveness in a performance context (Focke et al., 
2013). It has been proven to be a valid and reliable means of evaluating the 
explosive strength of lower limbs in children (Acero et al., 2011). Contrary to 
stationary squat jumps, countermovement jumps benefit from a “stretch-
shorten” cycle, similar to common human activities such as running and 
throwing, as well as those performed in the context of football performance 
(Komi, 2000). We tested jump performance on a special mat to calculate 
jumping height; however, the test can be performed without special equipment, 
recurring only to a meter rule and a keen eye (Linthorne, 2001). Therefore, 
countermovement jump tests can be easily applied in the school context.   

Lastly, the Yo-Yo tests, which consist of repeated exercise shuttle runs 
performed at progressively increasing running speeds, interspersed with short 
active rest periods, performed until exhaustion (Bangsbo, 1996b), have been 
described as a reliable and valid tool to measure cardiorespiratory fitness in 
children younger than 10 years of age (Bendiksen, Ahler, Clausen, 
Wedderkopp, & Krustrup, 2013). The Yo-Yo tests can be easily applied in 
school environments, with reduced equipment needs (Ahler, Bendiksen, 
Krustrup, & Wedderkopp, 2012; Bendiksen et al., 2013). In our studies, the Yo-
Yo Intermittent Endurance Test – Level 1 was utilized to assess the children’s 
cardiorespiratory fitness. To our knowledge, no study so far has been 
conducted with this test in children under the age of 10, even though Ahler et al. 
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(2012) and Bendiksen et al. (2013) had utilized the Yo-Yo Intermittent Recovery 
test – Level 1 for the same purpose. Also, the Yo-Yo Intermittent Endurance 
test has proven to be affected by submaximal cardiorespiratory fitness-related 
variables (Castagna, Impellizzeri, Chamari, Carlomagno, & Rampinini, 2006), a 
thematic explored on the present thesis. Therefore, we have explored whether a 
sub-maximal version of the test might constitute an effective mean to monitor 
changes in children’s cardiorespiratory fitness. 

 

4. Assessment of cardiovascular risk factors 

 

According to the World Health Organization (WHO, 2011), cardiovascular 
diseases are the main cause of death globally, with an estimated number of 
17.3 million deaths in 2008, representing 30% of all global deaths. 
Cardiovascular diseases are composed by a group of disorders of the heart and 
blood vessels and include coronary heart disease, cerebrovascular disease, 
peripheral arterial disease, rheumatic heart disease, congenital heart disease, 
deep vein thrombosis and pulmonary embolism (WHO, 2011). The most 
common risk factors behind cardiovascular diseases are unhealthy diet, 
physical inactivity, tobacco and alcohol use, elevated blood pressure, elevated 
serum total cholesterol and low density lipoprotein cholesterol (LDL-C), low 
serum high-density lipoprotein cholesterol (HDL-C), diabetes mellitus and 
advancing age (Grundy, Pasternak, Greenland, Smith, & Fuster, 1999; WHO, 
2011). 

Since unfavourable cardiovascular risk profiles have also been described 
in younger populations (Owens et al., 1998), and a tendency has been 
observed to track through adulthood (Andersen et al., 2004), the assessment of 
cardiovascular risk factors in early ages is of utmost importance. In the school 
context, distinct indicators can be followed when it comes to cardiovascular risk 



! 17 

factors assessment. Even though several studies have analysed single 
cardiovascular risk factors, clustering of cardiovascular disease factors has 
recently proved to be the appropriate measure of cardiovascular health in 
children (Andersen, Wedderkopp, Hansen, Cooper, & Froberg, 2003). For this 
purpose, evaluation of obesity (fat mass percentage, body mass index or 
summation of skinfolds), systolic and diastolic blood pressure, physical fitness, 
physical activity, cholesterol, triglycerides, glucose, and insulin resistance have 
been the common standard for assessing clustered cardiovascular risk factors 
(Andersen et al., 2006; Andersen et al., 2004; Freedman, Dietz, Srinivasan, & 
Berenson, 1999).  

Distinct methods have been utilised to assess cardiovascular risk factors. 
Obesity-related indicators are usually assessed via beam balances, 
bioimpedance or densitometry body composition monitors, and skinfold and 
waist circumference measurement (Han, Sattar, & Lean, 2006). Blood pressure 
is commonly obtained via monitoring instruments composed of a cuff and a 
sphygmomanometer (J. S. Williams, Brown, & Conlin, 2009). Physical activity 
levels are usually obtained from data retrieved by accelerometers, 
questionnaires and daily logs (Westerterp, 1999, 2009), while cholesterol, 
triglycerides, glucose, and insulin resistance are obtained via blood analysis 
(Allison, Pavlinac, & Wright, 2007). 

These distinct variables are usually merged into a clustered risk score 
variable consisting of the summation of independent z-scores of each one of the 
cardiovascular risk variables (Andersen et al., 2006; Ekelund et al., 2007; 
Ekelund et al., 2006; Lobelo et al., 2009; Silva, Aires, Mota, Oliveira, & Ribeiro, 
2012) or a division by percentiles (Ruiz et al., 2007). These composite scores 
have proven to be useful tools to indicate clustered cardiovascular risk scores in 
children (Andersen et al., 2006; Ekelund et al., 2007; Ruiz et al., 2007). 

In the present study we have analysed children’s blood pressure, 
percentage of fat mass and waist circumference in order to obtain a score of 



! 18 

clustered cardiovascular risk factors. The choice of these indicators was made 
according to the available material and the feasibility of evaluation on a vast 
group of children. 

 

5. Assessment of autonomic cardiac function 

 
The autonomic nervous system consists of a system of neurons that 

controls visceral organs, effectors in the skin and the cardiovascular system 
(Furness, 2006). It has a sympathetic and parasympathetic component. The 
sympathetic nervous system is responsible for regulation of homeostatic 
mechanisms in living organisms. Its fibres innervate tissues in almost every 
organ system, providing regulatory function to diverse actions, such as pupil 
diameter, gut motility or andurinary system output and function (Brodal, 2004). 
The parasympathetic system has a complementary action to the sympathetic 
system; it is responsible for stimulation of activities that occur when the body is 
at rest, especially after eating, including sexual arousal, salivation, lacrimation 
and digestion (Brodal, 2004). 

Even though cardiac automaticity is intrinsic to various pacemaker 
tissues, heart rate is under the control of the autonomic nervous system (Taylor, 
1994) and presents a continuous parasympathetic and sympathetic influence 
(Freeman, 2006). While parasympathetic influence of the heart rate is mediated 
via the release of acetylcholine by the vagus nerve, sympathetic influence is 
mediated by epinephrine and norepinephrine release on the blood 
(TFESCNASPE, 1996) 

Analysis of cardiovascular autonomic function has proven to be the 
cornerstone of the clinical investigation of autonomic function (Freeman, 2006). 
Several indicators have been extensively used to evaluate the autonomic 
cardiac function of individuals. 

Heart rate provides a permanent variability, which allows to adapt 
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physiological needs to environmental constrains (Bricout et al., 2010). This 
heart rate variability (HRV), which refers to the oscillation in the interval between 
consecutive heartbeats, as well as the oscillations between consecutive 
instantaneous heart rates, has been proposed as a quantitative marker of the 
autonomic nervous system (TFESCNASPE, 1996). HRV measurement and 
analysis has been established as a valid tool for risk stratification of several 
medical disorders, namely sudden cardiac death or acute myorcardial infarction 
(Radespiel-Troger, Rauh, Mahlke, Gottschalk, & Muck-Weymann, 2003). 

Analyses of time and frequency domains of HRV, the most common 
approaches to HRV analysis (TFESCNASPE, 1996), provide a non-invasive 
method to evaluate the autonomic regulation of heart rate (Sandercock, 
Bromley, & Brodie, 2005). Time domain methods are based on the sampling of 
the heart rate at any point in time, whereas frequency domain methods 
decompose cardiac cycles in various elementary different waves of amplitude 
and frequency through a technique named Fast Fourier Transform (FFT) 
(TFESCNASPE, 1996). In the frequency domain, which seem to provide a more 
accurate and specific analysis of cardiac autonomic modulation, low 
frequencies are generally associated with sympathetic activity, usually with the 
LF and LF n.u. (normalized units) markers, while high frequencies represent 
parasympathetic activity, usually with the HF and HF n.u. (normalized units) 
markers (TFESCNASPE, 1996).  

Both time and frequency domain data are obtained via software analysis 
of recorded heart rates. Heart rate monitors need to record data in beat to beat 
(R-R) intervals (TFESCNASPE, 1996). Usual recommendations include that the 
recordings should be performed at rest, in a supine position, with a paced 
breathing and in a quiet environment, with particular attention the avoidance of 
strenuous exercise, smoking, and caffeine and alcohol consumption in the 24-
hours prior to the examination (TFESCNASPE, 1996). In studies involving 
young children, the metronomic breathing is often discarded due to children’s 
difficulty to pace their breathing to a pre-determined cadence (Soares-Miranda 
et al., 2011).  
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1. Aims and Structure of the thesis 

 

1.1. Aims 

The present thesis aimed to investigate the impact of the engagement 
with regular after-school football practice on several health parameters in pre-
pubertal male children. For this purpose, physical fitness, cardiovascular risk 
factors and autonomic cardiac function were compared between children 
engaged and children not engaged with extra-school football practice. The 
kinetics of heart rate response during an intermittent endurance test was 
analysed in detail. Also, the usefulness of a submaximal version of intermittent 
endurance testing was explored as a tool to monitor changes in aerobic fitness 
of pre-pubertal male children. 

 

1.2. Structure of the thesis 

The present work is divided into five chapters. A general introduction 
providing a brief review of the literature supporting the aims of the thesis is 
presented in Chapter I. The aim of the thesis and the purposes of each study 
are provided in Chapter II. The studies conducted within the purpose of the 
dissertation are presented in Chapter III. Overall, a total of four original studies 
have been conducted, each of which attempts to address specific research 
questions. An overall discussion is presented in Chapter IV, and the main 
conclusions of the dissertation are outlined in Chapter V. 
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1.3. List of original studies 

 

• Study I 

Kinetics analyses of heart rate response to the Yo-Yo Intermittent Endurance 
Level 1 test in pre-pubertal boys 
 

• Study II 

Yo-Yo Intermittent Endurance Level 1 Test to monitor changes in aerobic 
fitness in pre-pubertal boys  

• Study III 

Young school children engaged with regular after-school soccer practice 
present improved physical fitness and cardiovascular risk 

• Study IV  

Regular football practice improves autonomic cardiac function in 
male children 
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Fernandes, L., Krustrup, P., Silva, G., Rebelo, A., Oliveira, J., Brito, J., Kinetics 
analyses of heart rate response to the Yo-Yo Intermittent Endurance Level 1 
test in pre-pubertal boys, 2014. 

Submitted for publication. 
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Kinetics analyses of heart rate response to the Yo-Yo Intermittent 
Endurance Level 1 test in pre-pubertal boys 

 

 
Abstract 

 
The present study aimed to analyse the kinetics of heart rate response to the 
Yo-Yo Intermittent Endurance level 1 test (Yo-Yo IE1) in children under the age 
of 10. One hundred and seven 7-10-year-old boys performed the Yo-Yo IE1 at 
the middle of the school year. Data from individual heart rate curves of the Yo-
Yo IE1 were analysed in order to detect the inflection point between an initial 
phase of fast rise in heart rate values (phase 1), and a second phase in which 
the rise of the heart rate values is much slower (phase 2). The 7th shuttle of the 
test was identified as the inflection point through a visual analysis of dispersion 
plots containing information from the entire sample. Regular engagement with 
extra-school football practice was also identified. Three percentile groups (P1, 
P2 and P3) were created for body weight and for a physical fitness composite 
(PFcomposite) data. Differences between the slopes of P1, P2 and P3 were 
calculated, as well as the time above 95% of peak heart rate. Significant 
differences were found between the slopes of P1 and P3 on phase 1 for 
PFcomposite (14.2±2.5 vs 12.5±2.0 bpm/shuttle, p=0.015, d=0.75) and weight 
(12.5±2.7 vs 13.7±2.0 bpm/shuttle, p=0.033, d=0.50). No differences were 
found between the slopes of heart rate of children engaged with regular football 
practice and children not engaged with sport activities besides regular physical 
education classes. On the other hand, absolute time spent above 95% HRpeak 
during the Yo-Yo IE1 was longer for the children engaged with football than the 
children not engaged with any extra-school sports activity (335±158 vs. 
234±124 s, p=0.001, d=0.71) and PFcomposite percentile groups (P1, P2 and P3: 
172±92, 270±109, and 360±157 s, respectively; p1-2=0.004, p2-3=0.009, p1-

3=0.000; d1-2=0.98, d2-3=0.66, d1-3=1.46). The present study indicates that 
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physical fitness and body weight influence heart rate kinetics during the Yo-Yo 
IE1 in pre-pubertal boys. 
 
Keywords: Youth; Health; Heart rate kinetics; Cardiovascular; 
Cardiorespiratory; YYIE1 testing. 
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Introduction 
 

The Yo-Yo tests (Bangsbo, 1996) were introduced as a tool to monitor 
the capacity to perform and to recover from intermittent exercise, as opposed to 
the established laboratory and field tests that were the common standard until 
the beginning of the decade of 1990, measuring mainly continuous exercise 
(Leger & Lambert, 1982; Ramsbottom, Brewer, & Williams, 1988). The tests 
consist of repeated exercise shuttles performed at progressively increasing 
speeds, interspersed with short active rest periods, and performed until 
exhaustion (Krustrup et al., 2003). Since their introduction, the tests have been 
widely used to evaluate intermittent exercise in sports given its capability to 
measure fitness performance (Bangsbo, Iaia, & Krustrup, 2008; Krustrup et al., 
2003; Krustrup et al., 2006).  

Concurrently, the Yo-Yo tests have been also described as reliable and 
valid to measure cardiovascular fitness in children younger than 10 years 
(Ahler, Bendiksen, Krustrup, & Wedderkopp, 2012; Bendiksen, Ahler, Clausen, 
Wedderkopp, & Krustrup, 2013). Given the increase of sedentary behaviours in 
children, which has contributed to higher cardiovascular risk profiles (Ekelund et 
al., 2006; Salmon, Tremblay, Marshall, & Hume, 2011), pronounced increase on 
childhood obesity and decrease in physical fitness (Shields & Tremblay, 2010; 
Tremblay et al., 2010), regular testing of cardiorespiratory fitness in children 
would provide precious information about the development of fitness levels 
during childhood. This would also provide relevant indications on the necessary 
stimuli for the prevention of long-term risk of developing obesity and 
cardiovascular disease in adult life (Bendiksen et al., 2013). Since the Yo-Yo 
tests have the advantage of being inexpensive, simple to use and allow the 
testing of up to 15 individuals simultaneously (Bangsbo, 1996) their application 
on school-aged children to monitor cardiorespiratory fitness might be of interest. 
Therefore, a deep understanding of the test is of major importance and on the 
last few years several studies were conducted in order to understand the tests 
reliability, construct validity, influence of age, gender and physical fitness (Ahler 
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et al., 2012; Bendiksen et al., 2013; Bendiksen et al., 2014; Bradley et al., 
2011). 

The kinetics of exercise testing has also been subject of study, with a 
particular emphasis on the analysis of oxygen uptake (Armstrong & Barker, 
2009; Fawkner, Armstrong, Potter, & Welsman, 2002). However, despite some 
exceptions (Bunc, Heller, & Leso, 1988; Sietsema, Daly, & Wasserman, 1989), 
few studies have focused on the kinetics of heart rate during exercise testing. 
Heart rate measurements are easier to apply than ventilatory testing. The 
equipment for heart rate measurements is cheaper and less complex to use 
during exercise, and have minimal influence on performance and comfort of 
individuals. Moreover, heart rate is an effective mean of evaluating 
cardiorespiratory fitness from sub-maximal values (Bendiksen et al., 2013). 
Therefore, a better understanding of heart rate kinetics of children during 
exercise testing is of the utmost interest.   

In the present study, we utilised the Yo-Yo Intermittent Endurance Test – 
level 1 (Yo-Yo IE1) to evaluate children’s cardiovascular fitness, using heart 
rate as its main indicator. We aimed to analyse the kinetics of heart rate 
response to the Yo-Yo IE1 in children under the age of 10. 
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Methods 
 
Participants 

 
The sample consisted of 107 boys aged 8.5 ± 0.8 (mean ± SD) (range: 

7.8–9.3) years. Height, weight and body mass index (BMI) were: 132.3 ± 8.1 
cm, 34.2 ± 8.7 kg and 19.3 ± 3.4 kg/m2, respectively. The children were 
recruited in six elementary schools of the same community in Braga, Portugal. 
The study design and the procedures used are in accordance with ethical 
standards and the Declaration of Helsinki. The local University Ethics 
Committee approved the study. All children were informed about the aims of the 
study; parents or legal guardians were fully informed about the risks associated 
with study participation, and provided written informed consent. 
 
Procedures 

 
The measurements took place at the middle of the school year (February 

2011). All children were engaged with complementary physical education 
classes in school, 2 times per week. Generally, school-based physical 
education classes lasting a total of 45 min, consisted of a general warm-up, 
technical exercises and small-sided games of team-sports such as football, 
handball and basketball, and gymnastics or recreational activities. The 
emphasis of the physical education classes was made on several different 
sports, according to the timing of the year and the National programme for 
physical education. Additionally, information about extra-school physical activity 
engagement during the 5 months prior to the start of the study was collected via 
individual interviews with each child. Given that football is the most popular 
sport in the region (Seabra, Mendonça, Thomis, Malina, & Maia, 2007), the 
sample was divided in two groups: children that had been engaged with regular 
and oriented after-school football practice in the 5 months prior to the study, 
with two weekly 60-min practice sessions (n=37), and children not engaged with 
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any extra-school sports activity (n=70). The football training sessions consisted 
of a general warm-up, followed by technical exercises and several small-sided 
football games.  

  The data were collected in two sessions, with an interval of two days 
apart. The first session was used for anthropometric measurements, 15-m 
sprint test and jumping height; the second session was used for evaluation of 
cardiorespiratory fitness. 
 
Instruments 
 
Anthropometry 
 

Height was measured with a stadiometer (model 708, Seca, Hamburg, 
Germany); weight and percentage of body fat were assessed with a Tanita 
Inner Scan (BC-532, Tanita, Hoofddorp, Netherlands). Duplicate measures 
were taken for each individual and the average was considered for analysis. 
Children wore light clothing and shoes were removed. 
 
Physical Fitness 
 With the exception of anthropometry, all tests were administered indoors 
on a multi-sports ground. Prior to fitness testing, the children performed a 12-
min warm-up consisting of light jogging and stretching exercises, as well as 
familiarization trials of each test. Speed was evaluated with a 15-m sprint test. 
Elapsed times were measured using 3 pairs of photoelectric cells (Speed Trap 
II, Brower Timing Systems, Draper, Utah, USA), positioned at the starting line, 
and at 5 m (5-m sprint) and 15 m (15-m sprint). Children were instructed to run 
as fast as possible from a standing position 30 cm behind the starting line. The 
better (fastest) of 2 trials was retained for analysis. Jumping height was 
evaluated with a countermovement jump (CMJ) on a special mat (Digitime 
1000, Digitest, Jyvaskyla, Finland). For the CMJ, the child was standing erect; 
after flexing the knees to the squat position, he jumped vertically as high as 
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possible maintaining hands on hips. Two trials were given for each jump and 
the better of the two trials was retained for analysis. The Yo-Yo intermittent 
endurance test, level 1 (Yo-Yo IE1) was used to evaluate cardiorespiratory 
fitness (Bangsbo, 1996) and to obtain submaximal and maximal heart rate 
values. Research has proven that an adapted version of this test can be used 
as an indicator of cardiorespiratory fitness for children of this age (Ahler et al., 
2012). The test required repeated 2 x 20-m shuttle runs between a start and 
finish line, at progressively increased speeds controlled by audio bleeps from a 
CD player; there was a 5-s period of recovery between runs. The aim of the test 
was to perform as many shuttles as possible. When the individual failed twice to 
reach the finish line in time, the distance covered was recorded and used as the 
test result. Only one trial was given. Heart rate was measured using Polar Team 
SystemTM (Polar Electro OY, Kempele, Finland) heart rate monitors set to 
record in 5-sec intervals. 
 
Data Analysis 

 
Descriptive statistics (mean±standard deviation) were calculated. Data 

from the individual heart rate curves of the Yo-Yo IE1 tests were analysed in 
order to detect the inflection point between an initial phase of fast rise in heart 
rate values (phase 1), and a second phase, in which the rise of the heart rate 
values is much smoother (phase 2). The inflection point was detected through a 
visual analysis of dispersion plots containing information from the entire sample 
(Figure 1). The 7th shuttle was identified as the inflection point between the two 
phases of the test (before and after the 7th shuttle). Linear regression models 
were used to obtain the slope (b) values for the two phases. Differences 
between the slopes of the three percentile groups were obtained using one-way 
ANOVA. Bonferroni post-hoc comparisons were used to discriminate those 
differences. Significant differences were detected in slope values between the 
two phases (13.37±2.50 vs. 0.96±0.74 bpm/shuttle, p<0.001, d=6.73). For 
comparisons, the group was divided in three percentile groups: P1 (< percentile 
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33), P2 (percentile 33–66) and P3 (> percentile 66) for weight (P1 n=35, P2 n=36, 
P2 n=36) and PFcomposite (P1 n=36, P2 n=35, P2 n=35). Absolute time and 
percentage of time spent above 95% HRpeak during the Yo-Yo IE1 was 
calculated for each individual. HRpeak during the test was used as reference for 
the calculation of individual time above 95% HRpeak. A composite score 
(PFcomposite), based on Z scores calculated for all physical fitness tests, was 
determined to provide a more complex operational indicator of physical fitness. 
Performance in 5- and 15-m sprint tests was reversed since lower times reflect 
better performance. Differences between children engaged with football and 
children not engaged with any extra-school sports activity were calculated using 
an independent-samples t-test. Standardised differences in means (effect sizes, 
d) were computed for comparisons. Effect sizes were classified as trivial 
(d<0.2), small (0.2<d<0.6) moderate (0.6<d<1.2), large (1.2<d<2.0), very large 
(2.0<d<4.0), nearly perfect (d>4.0), and perfect (d=infinite) (Hopkins, 2010). 
Pearson correlations (r) were calculated and classified as trivial (r<0.1), small 
(0.1<r<0.3) moderate (0.3<r<0.5), large (0.5<r<0.7), very large (0.7<r<0.9), 
nearly perfect (0.9<r<1), and perfect (r =1) (Hopkins, 2010). Significance was 
set to p <0.05.     
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Results 
 

Descriptive values for body weight and PFcomposite percentile groups (P1, 
P2 and P3) were respectively 26.2±1.9, 32.3±2.0, 44.2±7.0 kg and -0.9±0.4, 
0.0±0.2, 1.0±0.4 arbitrary units. Performance at 5- and 15-m sprint was 
1.34±0.10 s and 3.26±0.24 s, respectively. Average CMJ was 21.4±4.3 cm. 

Figure 2 presents HR curves for the children engaged with football and 
children not engaged with any extra-school sports activity. No differences were 
found between the slopes of the two groups for either phase 1 (13.6±2.7 vs. 
13.0±2.1 bpm/shuttle, p=0.29) and phase 2 (1.0±0.7 vs. 0.9±0.8 bpm/shuttle, 
p=0.30). 

 
Figure 3 and 4 present HR curves of the three percentile groups (P1, P2 

and P3) of body weight and PFcomposite, respectively. Significant differences were 
found between the slopes of P1 and P3 on phase 1 for body weight (12.5±2.7 vs 
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13.7±2.0 bpm/shuttle, p=0.033, d=0.50) and PFcomposite (14.2±2.5 vs. 12.5±2.0 
bpm/shuttle, p=0.015, d=0.75). PFcomposite also presented differences in phase 2 

between P1 and P3 (1.2±1.1 vs. 0.7±0.3 bpm/shuttle, p=0.021, d=0.62). 
Absolute time and percentage of time spent above 95% HRpeak during the 

Yo-Yo IE1 for the total sample was 268±144 s and 52.0±14.0%, respectively. 
Significant differences were found between children engaged with football and 
children not engaged with any extra-school sports activity (335±158 vs. 
234±124 s, p=0.001, d=0.71) and PFcomposite percentile groups (P1, P2 and P3: 
172±92, 270±109, and 360±157 s, respectively; p1-2=0.004, p2-3=0.009, p1-

3=0.000; d1-2=0.98, d2-3=0.66, d1-3=1.46) for absolute time spent above 95% 
HRpeak during the Yo-Yo IE1. No differences were found on absolute time spent 
above 95% HRpeak during the Yo-Yo IE1 for body weight percentile groups 
(p=1.000). Likewise, no differences were found in percentage of time spent 
above 95% HRpeak during the Yo-Yo IE1 between children engaged with football 
and children not engaged with any extra-school sports activity (p=0.801), 
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PFcomposite percentile groups (p=1.000) and body weight percentile groups 
(p=1.000). 

No correlation was observed between body weight and PFcomposite 

(p=0.181). No correlations were detected between body weight and the slopes 
of HR data of phase 1 and 2 (p=0.106 and p=0.198 respectively). A tendency 
was found between the slope of HR data in phase 1 and PFcomposite (r=-0.25; 
p=0.09), and a moderate inverse correlation was detected between the slope of 
HR data in phase 2 and PFcomposite (r=-0.32; p=0.01).  
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Discussion 
 

The present study aimed to analyse the kinetics of heart rate response to 
the Yo-Yo IE1 in children under the age of 10. We detected that a separation 
exists between an initial phase of fast rise in heart rate values (phase 1), and a 
second phase, in which the rise of the heart rate values is much smoother 
(phase 2). The 7th shuttle was identified as the inflection point between the two 
phases of the test and significant differences were detected in slope values 
between the two phases. 

There is a lack of studies on the analysis of heart rate kinetics during 
exercise testing in children. Interestingly, the kinetic profile of heart rate 
observed in the present study is in accordance with several studies focusing on 
oxygen uptake kinetics (Armstrong & Barker, 2009; Breese, Armstrong, Barker, 
& Williams, 2011; Fawkner et al., 2002; Williams, Carter, Jones, & Doust, 2001). 
In fact, moderate to large correlation between heart rate and VO2 has been 
identified during field and laboratory activities (Bangsbo et al., 2008; Bradley et 
al., 2011; Strath et al., 2000), and strong relationships were also identified 
between the ventilatory threshold and the heart rate deflection point (Buchheit, 
Solano, & Millet, 2007; Mikulic, Vucetic, & Sentija, 2011). Altogether, this might 
explain the similarities found on both heart rate kinetic profiles. 

Engagement with regular extra-school football practice did not prove to 
be a differentiating variable regarding both phase 1 and 2 slopes even though 
the individuals engaged with extra-school football practice presented slightly 
lower values of heart rate on both Yo-Yo IE1 phases. However, PFcomposite 
percentile groups presented distinct slopes for phase 1 and phase 2, indicating 
that higher physical fitness might correspond to lower slopes for both phases of 
heart rate kinetics during the Yo-Yo IE1. Regular sports participation, namely 
football practice, has proven to induce significant improvements on physical 
fitness of young children (Ara et al., 2004; Bendiksen et al., 2014; Randers et 
al., 2010). Therefore, the lack of significant differences between children 
engaged with football and children not engaged with any extra-school sports 
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activity might be explained by other factors (not controlled in the present study), 
such as regular physical activity levels.  

The results also showed that body weight might influence heart rate 
kinetics during the Yo-Yo IE1. In fact, body weight percentile groups have 
presented distinct slopes for phase 1 of the test, showing that higher body 
weight is associated with a faster rise of the heart rate values on the first 
shuttles of the Yo-Yo IE1. Since lower body weight is usually associated with 
improved health and physical fitness (Andersen, Hasselstrom, Gronfeldt, 
Hansen, & Karsten, 2004), these results, together with the differences found 
between PFcomposite groups, seem to indicate that fitter and healthier individuals 
have a slower rise in heart rate values during the Yo-Yo IE1. These 
assumptions are partially supported by small and moderate correlations found 
between PFcomposite and the slope of phase 1.  

Absolute time and percentage of time spent above 95% HRpeak during the 
Yo-Yo IE1 were also subject to analysis. Distinct behaviours for both variables 
were detected. Body weight did not influence absolute time spent above 95% 
HRpeak during the Yo-Yo IE1. However, significant differences were found 
between children engaged with football and children not engaged with any 
extra-school sports activity and PFcomposite percentile groups. In fact, individuals 
with higher physical fitness are expected to perform better during the test, 
meaning a higher absolute time spent to complete it. As any maximal test, it is 
also expected that the later stages of the Yo-Yo IE1 be performed at high 
intensity (Bangsbo, 1996; Bradley et al., 2011). Lactate threshold of well-trained 
individuals usually occurs at around 90% of HRpeak (Bouchard, 1982). Thus, the 
higher absolute time spent above 95% of HRpeak might indicate a superior 
anaerobic capacity of the children engaged with regular football practice. Yet, 
the analysis of the percentage of time spent above 95% HRpeak during the Yo-
Yo IE1 provides different results. No differences were found for percentage of 
time spent above 95% HRpeak during the test between children engaged with 
football and children not engaged with any extra-school sports activity, 
PFcomposite percentile groups and body weight percentile groups. This might 
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indicate that the test requires the same relative intensity in order to be 
performed, regardless of the individual’s engagement with regular physical 
activities, physical fitness or body weight. 
 
Conclusions 

 
Altogether the present study indicates that physical fitness and body 

weight influence heart rate kinetics during the Yo-Yo IE1 in pre-pubertal boys. 
Results also show that the Yo-Yo IE1 is a high intensity demanding activity, 
requiring high aerobic and anaerobic capacity, regardless the individual’s 
engagement with regular physical activities, physical fitness or body weight. The 
lack of effective control of physical activity throughout the year, namely the 
content of the physical education classes and recreational sport activities, as 
well as maturational status stand as limitations of the present study.  
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Yo-Yo Intermittent Endurance Test Level 1 to monitor changes in aerobic 
fitness in pre-pubertal boys 

 

Abstract 
 

The present study aimed to examine the performance and heart rate responses 
during the Yo-Yo Intermittent Endurance Test – Level 1 (Yo-Yo IE1) in children 
under the age of 10. One hundred and seven male children (7-10 years) 
performed the Yo-Yo IE1 at the beginning (M1), middle (M2) and end (M3) of the 
school year. Data from individual heart rate curves of the Yo-Yo IE1 were 
analysed in order to detect the inflection point between an initial phase of fast 
rise in heart rate values, and a second phase in which the rise of the heart rate 
values is much smaller. The distance covered in the Yo-Yo IE1 improved from 
M1 to M3 (884 ± 496 vs. 1032 ± 596 m; p <0.05; d =0.27), with intermediate 
values for M2 (962 ± 528 m). Peak heart rate (HRpeak) decreased from M1 to M2 
and M3 (204 ± 9, 202 ± 9 and 200 ± 9 bpm, respectively; p <0.05; d =0.25-0.42). 
The 7th shuttle of the test (280 m), corresponding to 2.5 min, was identified as 
the inflection point between the two phases. Also, absolute heart rate at the 7th 
shuttle decreased progressively throughout the year (185 ± 9, 183 ± 10, and 
179 ± 10 bpm; p <0.05; d =0.31-0.61). The present study provides evidence of 
the usefulness of a submaximal version of Yo-Yo IE1 as a tool to monitor 
changes in aerobic fitness in pre-pubertal children. 
 
 
Keywords: Youth; Health; Heart rate, Cardiovascular; Cardiorespiratory, YYIE1 
testing 
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Introduction 

 
Physical education classes are the most privileged context for the 

promotion of public health through physical activity in children (Sallis & 
McKenzie, 1991). The explanation for this lies on that physical education is a 
compulsory school activity in most countries of the world, it has proper 
guidance/supervision by teachers that follow established government 
programmes, and usually takes place more than once a week (Guerra, Nobre, 
da Silveira, & Taddei, 2013; Scheffler, Ketelhut, & Mohasseb, 2007). Likewise, 
regular testing of children’s cardiorespiratory fitness in school contexts would 
provide precious information about the development of fitness levels during 
childhood. Also, it could provide relevant indications on the necessary stimuli for 
the prevention of long-term risk of developing obesity and cardiovascular 
disease in adult life (Bendiksen, Ahler, Clausen, Wedderkopp, & Krustrup, 
2013).  

The Yo-Yo tests have been described as reliable and valid to measure 
cardiovascular fitness in children younger than 10 years (Ahler, Bendiksen, 
Krustrup, & Wedderkopp, 2012). In fact, knowledge about the intermittent 
exercise capacity of children is of great interest since most of the physical 
activity that takes place in the schoolyard and sports clubs are intermittent in 
nature (Bendiksen et al., 2013). The Yo-Yo tests (Bangsbo, 1996), especially 
the Intermittent Recovery level 1 and level 2 and the Intermittent Recovery level 
1 children’s test (YYIR1C), have been extensively used as a tool to assess 
cardiorespiratory fitness in different populations (Castagna, Impellizzeri, 
Chamari, Carlomagno, & Rampinini, 2006; Krustrup et al., 2003; Krustrup et al., 
2006; Rebelo et al., 2012). The tests have the advantage of being inexpensive 
and simple to use; up to 15 individuals can be tested simultaneously (Bangsbo, 
1996). They also can be used as a tool to measure maximal heart rate and 
are well correlated with aerobic fitness (Ahler et al., 2012; Bendiksen et al., 
2013; Bendiksen et al., 2014). The tests are sensitive to rapid changes in 
fitness level of adults, namely velocity and strength, and can discriminate 
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between groups of distinct exercise capacity (Ahler et al., 2012; Bangsbo, Iaia, 
& Krustrup, 2008; Castagna et al., 2006; Seabra et al., 2012), however 
information regarding young children is sparse. 

Nonetheless, maximal testing presents several limitations, namely the 
need of completing the exercise until exhaustion (Krustrup et al., 2003). Thus, 
the use of sub-maximal versions could eliminate these constrains and allow the 
establishment of a more regular testing of cardiorespiratory fitness (Bendiksen 
et al., 2013; Bradley et al., 2011). For this purpose, in the present study, we 
utilised the Yo-Yo Intermittent Endurance Test – level 1 (Yo-Yo IE1), which has 
proven to be affected by submaximal cardiorespiratory fitness-related variables 
(Castagna et al., 2006). Also, to our knowledge, no study so far has been 
conducted with the Yo-Yo IE1 in children under the age of 10. Therefore, the 
present study aimed to investigate the usefulness of a submaximal version of 
Yo-Yo Intermittent Endurance test – level 1 as a tool to monitor changes in 
cardiorespiratory fitness in school children under the age of 10 years. 
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Methods 
 
The sample consisted of 107 boys aged 8.5 ± 0.8 (range: 7.8–9.3) years. 
Height, weight and body mass index were: 131.5 ± 8.4 cm, 32.6 ± 8.3 kg and 
18.6 ± 3.2 kg/m2, respectively. The children were recruited in six elementary 
schools of the same community. The study design and the procedures used are 
in accordance with ethical standards and the Declaration of Helsinki. The local 
University Ethics Committee approved the study. All children were informed 
about the aims of the study; parents or legal guardians were fully informed 
about the risks associated with study participation, and provided written 
informed consent. 

The measurements took place at three distinct time-points during the 
academic year: at the beginning (M1), middle (M2) and end (M3) of the school 
season, corresponding to the months of October 2010 and February and May, 
2011. During this period all participants were engaged with regular physical 
education classes. Generally, school-based physical education classes 
consisted of a general warm-up, technical exercises and small-sided games of 
team-sports such as soccer, handball and basketball, gymnastics and 
recreational activities lasting a total of 45 min. The emphasis of the physical 
education classes was made on several different sports, according to the timing 
of the year and the National programme for physical education. At each of the 
time-points the data were collected in two sessions, two days apart. The first 
session was used for anthropometric measurements, 15-m sprint test and 
jumping height; the second session was used for evaluation of cardiorespiratory 
fitness. 

Height was measured with a stadiometer (model 708, Seca, Hamburg, 
Germany); weight and percentage of body fat were assessed with a Tanita 
Inner Scan (BC-532, Tanita, Hoofddorp, Netherlands). Duplicate measures 
were taken for each individual and the average was used for analysis. Children 
wore light clothing and shoes were removed. 
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 With the exception of anthropometry, all tests were administered indoors 
on a multi-sports ground. Prior to fitness testing, the children performed a 12-
min warm-up consisting of light jogging and stretching exercises, as well as 
familiarization trials of each test. Speed was evaluated with a 15-m sprint test. 
Elapsed times were measured using 3 pairs of photoelectric cells (Speed Trap 
II, Brower Timing Systems, USA), positioned at the starting line, and at 5 m (5-
m sprint) and 15 m (15-m sprint). Children were instructed to run as fast as 
possible from a standing position 30 cm behind the starting line. The better 
(fastest) of 2 trials was retained for analysis. Speed evaluation on young 
children has proven to be reliable and valuable (Douma-van Riet et al., 2012; 
Rumpf, Cronin, Oliver, & Hughes, 2011). Jumping height was evaluated with a 
countermovement jump (CMJ) on a special mat (Digitime 1000, Digitest, 
Finland). For the CMJ, the child was standing erect; after flexing the knees to 
the squat position, he jumped vertically as high as possible maintaining hands 
on hips. Two trials were given for each jump and the better of the two trials was 
retained for analysis. CMJ evaluation has proven to be reliable on young 
children (Acero et al., 2011). The Yo-Yo intermittent endurance test – level 1 
(Yo-Yo IE1) was used to evaluate cardiovascular fitness (Bangsbo, 1996) and 
to obtain submaximal and maximal heart rate values. Research has proven that 
an adapted version of this test can be used as an indicator of cardiorespiratory 
fitness for children of this age (Ahler et al., 2012). The test required repeated 2 
x 20-m shuttle runs between a start and finish line, at progressively increased 
speeds controlled by audio bleeps from a CD player; there was a 5-s period of 
recovery between runs. The aim of the test was to perform as many shuttles as 
possible. When the individual failed twice to reach the finish line in time, the 
distance covered was recorded and used as the test result. Only one trial was 
given. Heart rate was measured using Polar Team SystemTM (Polar Electro OY, 
Kempele, Finland) heart rate monitors set to record in 5-sec intervals. 
 Descriptive statistics (mean±standard deviation) were calculated. Data 
from the individual heart rate curves of the Yo-Yo IE1 tests were analysed in 
order to detect the inflection point between a) an initial phase of fast rise in 
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heart rate values, and b) a second phase, in which the rise of the heart rate 
values is much smaller. The inflection point was detected through a visual 
analysis of dispersion plots containing information from the entire sample 
(Figure 1). The 7th shuttle was identified as the inflection point between the two 
phases of the test (before and after the 7th shuttle). Linear regression models 

were used to obtain the slope (β) values for the two phases. Significant 

differences were detected in β values between the two phases (13.37 ± 2.5 vs. 

0.96 ± 0.74, p <0.001, d =6.73). Differences between the three evaluation time 
points were obtained using repeated measures ANOVA. Bonferroni post-hoc 
comparisons were used to discriminate those differences. Standardized 
differences in means (effect sizes, d) were computed for comparisons. Effect 
sizes were classified as trivial (d < 0.2), small (0.2 < d <  0.6) moderate (0.6 < d 
< 1.2), large (1.2 < d < 2.0), very large (2.0 < d < 4.0), nearly perfect (d > 4.0), 
and perfect (d =infinite) (Hopkins, 2010). Pearson correlations (r) were 
calculated and classified as trivial (r < 0.1), small (0.1 < r < 0.3) moderate (0.3 < 
r < 0.5), large (0.5 < r < 0.7), very large (0.7 < r < 0.9), nearly perfect (0.9 < r < 
1), and perfect (r =1 ) (Hopkins, 2010). Percentages of changes were calculated 
for the physical fitness parameters, in order to more easily express the 
differences between the three evaluation moments. The coefficient of variation 
between the 3 moments of testing was also calculated for all the tests. A 
stepwise linear regression analysis was employed to verify the impact of 
physical fitness variables on the performance of the Yo-Yo IE1 test. 
Significance was set to p <0.05. 
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Results 
 
Table 1 shows anthropometry and physical fitness values for the three 
evaluation time points. Weight was increased significantly during the year (32.4 
± 8.3, 34.0 ± 8.5, and 34.9 ± 8.5 kg, respectively; p <0.05; dm1-m2 =0.19, dm2-m3 

=0.10, dm1-m3 =0.30). Velocity at both 5 and 15 m was improved from M1 and M2 
to M3 (1.35 ± 0.10, 1.34 ± 0.10 vs. 1.29 ± 0.10 sec; p <0.05; dm1-m3 =0.60, dm2-

m3= 0.50; 3.30 ± 0.23, 3.26 ± 0.24 vs. 3.18 ± 0.24 sec; p <0.05; dm1-m3 =0.55, 
dm2-m3 =0.40). No differences were found between the three moments for CMJ 
(21.0 ± 4.2, 21.4 ± 4.3, and 22.2 ± 5.4 cm, respectively; p >0.05). 
 
Table 1. Comparisons between the three evaluation time points (M1, M2, 

and M3) in age, anthropometry and physical fitness. 

 M1 M2 M3 P 

Age (years) 8.5±0.8 9.0±0.8 9.5±0.8 <0.005 

Weight (kg) 32.4±8.3* 34.0±8.5* 34.9±8.5*  <0.005 

                           Height (cm) 131.3±8.4 132.1±8.2 135.0±8.4+  <0.005 

Physical fitness     

5-m sprint (s) 1.35±0.10 1.34±0.10 1.29±0.10+ <0.005 

15-m sprint (s) 3.30±0.23 3.26±0.24 3.18±0.23+ <0.005 

CMJ (cm) 21.0±4.2 21.4±4.3 22.2±5.4 >0.005 

CMJ, Countermovement jump; * significant differences to all moments; + significant differences 
to M1 and M2; 
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Figure 2 present, respectively, distance covered for Yo-Yo IE1 test, 
absolute HR at the 7th shuttle and HRpeak for Yo-Yo IE1 and %HRpeak at the 7th 
shuttle in M1, M2 and M3. A significant improvement of 17% was detected 
between M1 and M3 for the distance covered (884 ± 496 vs 1032 ± 596 m; p 
<0.05; d =0.27), with intermediate values for M2 (962 ± 528 m). HRpeak 
decreased from M1 to M2 and M3 (204 ± 9, 202 ± 9 and 200 ± 9 bpm; p <0.05; d 
=0.25-0.42). Likewise, HR at the 7thshuttle decreased progressively throughout 
the year (185 ± 9, 183 ± 10, and 179 ± 10 bpm, respectively; p <0.05; dm1-m2 
and dm2-m3 =0.31, dm1-m3 =0.61). No significant differences were found in 
%HRpeak at the 7th shuttle between the three evaluation moments (91.3 ± 5.2 vs. 
90.1 ± 4.5 vs. 90.2 ± 4.9 %HRpeak, respectively; p >0.05).  
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The coefficient of variation of the distance covered on the three Yo-Yo 
IE1 test was of 49.7%. 

Large to very large inverse correlations were found between %HRpeak at 
the 7th shuttle and distance covered in the Yo-Yo IE1 test for M1 (r =-0.66; p 
<0.01), M2 (r =-0.70; p <0.01) and M3 (r =-0.73; p <0.01). Moderate inverse 
correlations were found between the absolute HR at the 7th shuttle and distance 
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covered in the Yo-Yo IE1 test for M1 (r =-0.43; p <0.01), M2 (r =-0.34; p <0.01) 
and M3 (r =-0.36; p <0.01).  

A stepwise regression model including both CMJ and 15-m sprint 
performance as independent variables presented a significant predictive value 
on the performance of the Yo-Yo IE1 test on M1 (r2 =0.18, p <0.001), M2 (r2 

=0.33, p <0.001) and M3 (r2 =0.31, p <0.001). 
 
Table 2. Multiple linear regression, adjusted coefficient estimates and 95% confidence 

intervals (CI) for distance covered in the Yo-Yo Intermittent Endurance test – level 1 

(dependent variable) for the three evaluation time points (M1, M2, and M3). 

 B (95% CI) P 

Countermovement jump* 

 

M1 -- -- 

M2 0.41 (0.22 to 0.61) <0.001 

M3 0.27 (0.02 to 0.52) 0.037 

15-m sprint 

 

M1 -0.42 (-0.62 to 0.23) <0.001 

M2 -0.23 (-0.42 to -0.03) 0.024 

M3 -0.35 (-0.60 to -0.09) 0.009 
* Countermovement jump was excluded from the regression model on M1 
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Discussion 
 
The results of the present study indicate that boys under the age of 10 improved 
performance in fitness tests throughout the academic year along with reductions 
in submaximal HR values. Performance in the Yo-Yo IE1 increased throughout 
the school year, with the distance covered in the test increasing significantly 
from the initial to the final evaluation. Furthermore, we observed that a 
submaximal stage of the test until the 7th shuttle was associated with the 
distance covered in the Yo-Yo IE1 and HRpeak. The 7th shuttle represented an 
inflection point between an initial phase of steep rise in heart rate values and a 
second phase in which the rise of the heart rate values is much smaller. 

Previous studies have pointed out the possibilities of using submaximal 
versions of the Yo-Yo Intermittent Tests to assess the fitness levels in adult 
athletes (Bradley et al., 2011; Krustrup et al., 2003; Krustrup, Randers, Horton, 
Brito, & Rebelo, 2012). However, to our knowledge, only one study has 
attempted this in young children (Bendiksen et al., 2013). In fact, the usefulness 
of submaximal versions of the tests might be particularly relevant in early-age 
populations as there are limitations associated with maximal testing in children, 
including musculoskeletal impairments and the need of higher motivational 
levels (Noonan & Dean, 2000). Indeed, valid submaximal versions might allow 
evaluations to be applied more regularly since discrimination between high and 
low performers might be hampered and all children would be able to complete 
the test accordingly (Bendiksen et al., 2013). Notwithstanding, some 
disadvantages might rise when using submaximal versions of the Yo-Yo tests. 
Heart rate responses, for instance, might be influenced by factors such as 
psychological stress, body temperature and environmental conditions. Also, 
there is the need for proper measurement equipment, such as heart rate 
monitors, in order to faithfully obtain submaximal individual heart rate values 
(Krustrup et al., 2003). 

In the present study, large to very large correlations were detected 
between absolute HR at the 7th shuttle and the distance covered in the Yo-Yo 
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IE1. This means that the 7th shuttle might be an effective submaximal indicator 
of children’s performance on the Yo-Yo IE1. Similarly, HR values, expressed as 
percentage of individual maximal values, obtained during fixed time points of the 
test, namely 6 and 9 min, inversely correlated with the distance covered in the 
Yo-Yo Intermittent Recovery test – Level 1 in adult athletes (Bradley et al., 
2011; Krustrup et al., 2003). Bendiksen et al. (2013) tested a submaximal 
version of Yo-Yo Intermittent Recovery Test – level 1 with children aged 6 to 10 
and found large inverse correlations between %HRpeak and the test performance 
at 1, 2 and 3 min after the beginning of the test (r =-0.56, r =-0.63 and r =-0.61, 
respectively). From a practical perspective, it would be preferable to use a 
specific shuttle run as the criteria point to analyse the submaximal HR, instead 
of a specific point in time (1, 2, or 3 min). Therefore, we tested the 7th shuttle of 
the Yo-Yo IE1, which takes place 2.5 min after the beginning of the test, and 
slightly higher magnitudes of correlation between %HRpeak and the test 
performance were detected, comparing to those (r =-0.66 to -0.73 vs. r =-0.63) 
obtained by Bendiksen et al. (2013). 

Interestingly, %HRpeak on the 7th shuttle remained unaltered even though 
HRpeak and absolute HR at the 7th shuttle decreased throughout the year. Since 
the results show that there was a stable tracking between absolute HR at the 7th 
shuttle and the performance on the test through time, it is reasonable to 
conclude that a submaximal version of the Yo-Yo IE1 might provide valuable 
information regarding the changes in aerobic fitness of children throughout the 
school year. Though, the lack of effective control of physical activity throughout 
the year, particularly the content of the physical education classes and 
recreational sport activities, as well as maturational status stand as limitations of 
the present study. A high coefficient of variation was found between the three 
evaluation moments of the Yo-Yo IE1, which might be explained by the 
temporal distance between the evaluations, maturational development, 
increasing familiarity with the test and the alterations on the children’s physical 
fitness, as demonstrated by the results. In fact, in the present study, physical 
fitness parameters, namely sprint and jump performances, might have a 
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growing weight on the Yo-Yo IE1 performance during the course of the year, as 
presented in table 2; though the correlation coefficients are classified as small. 
This might indicate that cardiovascular factors are still the most relevant 
features to determine performance in the Yo-Yo IE1. Thus, we might conclude 
that in very young children, despite the constant changes of direction during the 
shuttle runs, peripheral factors, such as lower limb muscle strength, might have 
trivial interference in the test outcome. These results are distinct from those 
provided by previous studies conducted in adults, in which a higher contribution 
of peripheral factors in the test outcome was found (Castagna et al., 2006; 
Rampinini et al., 2010). 

In summary, the present study revealed that performance in the Yo-Yo 
IE1 test increases during the academic year and that this test can be used to 
provide important information about the cardiorespiratory fitness level of young 
school children. The study also revealed that the absolute heart rate measured 
during a submaximal version of the Yo-Yo IE1 can be used for frequent, non-
exhaustive monitoring of changes in cardiorespiratory fitness in children aged 7 
to 10 years. The test was relatively easy to apply in elementary school settings, 
and all children were able to complete the test. Thus, physical education 
teachers can consider using the submaximal version of the Yo-Yo IE1 if they 
intend to evaluate and monitor changes in cardiorespiratory fitness for classes 
and whole schools throughout the year.  
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Young school children engaged with regular after-school soccer practice 
present improved physical fitness and cardiovascular risk 

 

Abstract 
 
The present study aimed to investigate the impact of after-school soccer 
practice in physical activity, physical fitness and cardiovascular risk of young 
school children. 71 male children (8-11 years) from the same geographical area 
were followed. Children were divided in a soccer group (SG; n=33) and control 
group (CG; n=38). SG was engaged with regular after-school soccer practice, 
whereas CG was not engaged with any oriented physical activity other than 
school-based physical education classes. Physical activity, physical fitness, 
anthropometry and blood pressure were assessed. 
The anthropometric and body composition characteristics were similar in both 
groups (P>0.05), except for percentage of body fat (SG vs. CG, 20.4±5.8 vs. 
23.8±8.2%; P=0.005). The groups were also similar for daily sedentary time 
(391.4±73.1 vs. 404.4±67.8 min; P>0.05). However, SG presented higher 
moderate-to-vigorous physical activity (73.6±26.1 vs. 56.0±22.5 min; P>0.05, 
d=0.7) and physical fitness composite score (0.34±0.7 vs. 0.36±0.8 AU; 
p<0.001, d=0.4). Similarly, SG presented lower values for systolic blood 
pressure (108.4±10.6 vs. 114.4±12.5 mmHg; p=0.012, d=0.3) and summation of 
cardiovascular risk factors (6.8±2.8 vs. 8.3±2.9 AU; p=0.034, d=0.3). 
Young school children might benefit from regular after-school sport activities as 
a strategy to enhance physical fitness and thwart cardiovascular risk factors. 
 
 
 
 
 
Keywords: Football; Team Sports; Youth; Health; Cardiovascular; 
Cardiorespiratory 
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Introduction 
 
 Over the past few years, several studies have been conducted in order to 
investigate the impact of regular soccer practice on a considerable number of 
health parameters of distinct populations (Krustrup, Aagaard, et al., 2010). 
Regular soccer practice has proven to induce significant benefits in physical 
fitness and cardiovascular health parameters of adults and children (L. J. 
Andersen et al., 2010; Bangsbo et al., 2010; Faude et al., 2010; Hansen et al., 
2013; Knoepfli-Lenzin et al., 2010; Krustrup, Dvorak, Junge, & Bangsbo, 2010). 
Soccer is a very popular and pleasant sport to many children, but to date, most 
of the studies have been conducted in adults, and little is known regarding the 
impact of regular soccer practice in early ages. 
 Exercise-induced health benefits depend on adherence rates to exercise, 
and the latest is influenced by motivation and self-determination (Dishman, 
Ickes, & Morgan, 1980). Given the popularity of the sport, the adherence to 
soccer programs are high among the youth, and this might promote significant 
and relevant health benefits (Seabra, Mendonça, Thomis, Malina, & Maia, 
2007). In this line, physical education classes have proven to be a privileged 
context for the application of soccer intervention programs, resulting on 
improved physical fitness and contributing to health benefits (Bendiksen et al., 
2014). 
 Unfavourable cardiovascular risk profiles have been described in 
younger populations, particularly in children with low levels of cardiorespiratory 
fitness and high percentages of body fat (Owens et al., 1998), and it has been 
observed a trend to track through adulthood (L. B. Andersen, Hasselstrom, 
Gronfeldt, Hansen, & Karsten, 2004). A strong relationship between clustered 
risk and physical fitness, especially cardiorespiratory fitness, has also been 
identified (L. B. Andersen et al., 2004). Previous studies have shown that 
physical education classes are the most privileged context for the promotion of 
public health through physical activity in children (Sallis & McKenzie, 1991). 
However, the activities promoted do not always meet the intensity levels 
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required to induce health gains, namely reducing cardiovascular risk (McKenzie 
et al., 1995; McKenzie et al., 1996). Thus, extra-school sports participation often 
plays an important role, allowing the children to meet the desired levels of 
physical activity and exercise intensity in order to reduce cardiovascular risk 
(Machado-Rodrigues et al., 2012; Silva et al., 2013). In the present study, we 
aimed to further investigate differences in physical fitness and cardiovascular 
risk factors of male children aged 8–11 years engaging, or not, in after-school 
soccer practice. 
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Methods 
 
Participants 

 The sample was composed by 71 male children aged 9.6 ± 0.7 (range 8–
11) years. Height, weight and body mass index were: 136.4 ± 6.8 cm, 36.5 ± 8.3 
kg and 19.5 ± 3.5 kg/m2, respectively. The children were recruited in six 
elementary schools of the same community in Braga, Portugal, and two groups 
were formed: soccer group (SG; n = 33) and control group (CG; n = 38). The 
inclusion criteria for the SG was that the child had been engaged with regular 
and oriented after-school soccer practice in the 5 months prior to the study, with 
two weekly 60-min practice sessions and sporadic weekend matches. The 
soccer training sessions consisted of a general warm-up, followed by technical 
exercises and several small-sided soccer games. On the other hand, children 
from CG were not engaged with any regular and oriented physical activity other 
than elementary physical education classes, consisting of three sessions per 
week. Generally, school-based physical education classes consisted of a 
general warm-up, technical exercises of several sports, small-sided games and 
recreational activities lasting a total of 45 minutes. The emphasis of the physical 
education classes was made on several different sports, according to the timing 
of the year and the National programme for physical education. The soccer 
season and the school season were coincident, and had the duration of 10 
months. Information about physical activity engagement was collected via 
individual interviews with each child 5 months prior and at the start of the study. 
 

Procedures 

 In each school, the cross-sectional measurements took place in two 
sessions, with an interval of two days apart. The first session was dedicated to 
anthropometry and blood pressure analysis; the second session was devoted to 
physical fitness assessment. 
 The study design and the procedures used are in accordance with ethical 
standards and the Declaration of Helsinki. The University of Porto Ethics 
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Committee approved the study. All children and their parents were fully 
informed about the risks associated with study participation, and provided 
written informed consent.  
 
Instruments 

Anthropometry  
 Height was measured with a stadiometer (model 708, Seca, Hamburg, 
Germany); weight and percentage of body fat were assessed with a Tanita 
Inner Scan (BC-532, Tanita, Hoofddorp, Netherlands). Waist circumference was 
measured to the nearest millimeter with flexible tape, midway between the 
lowest rib and the iliac crest and hip circumference at the level of the great 
trochanters (WHO, 1989). Duplicate measures were taken for each individual. 
Children wore light clothing and shoes were removed. 
 
Physical fitness 
 With the exception of anthropometry and physical activity, all tests were 
administered indoors on a multi-sports ground. Prior to testing of physical 
capacities, the children performed a 12-min warm-up consisting of light jogging 
and stretching exercises, as well as familiarization trials of each test. 
 Speed was evaluated with a 15-m sprint test. Elapsed times were 
measured using 3 pairs of photoelectric cells (Speed Trap II, Brower Timing 
Systems, USA), positioned at the starting line, and at 5 m (5-m sprint) and 15 m 
(15-m sprint). Subjects were instructed to run as fast as possible from a 
standing position 30 cm behind the starting line. The better (fastest) of 2 trials 
was retained for analysis.  
 Jumping height was evaluated with a countermovement jump (CMJ) on a 
special mat (Digitime 1000, Digitest, Finland). For the CMJ, the child was 
standing erect; after flexing the knees to the squat position, he jumped vertically 
as high as possible maintaining hands on hips. Two trials were given for each 
jump and the better of the two trials was retained for analysis. 
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 The Yo-Yo intermittent endurance test – level 1 (Yo-Yo IE1) was used to 
evaluate aerobic capacity (Bangsbo, 1996). Research has proven that this test 
can be used as an indicator of aerobic fitness for children of this age (Ahler, 
Bendiksen, Krustrup, & Wedderkopp, 2012). The test required repeated 2 x 20-
m shuttle runs between a start and finish line, at progressively increased 
speeds controlled by audio bleeps from a CD player; there was a 5-s period of 
rest between runs. The aim of the test was to perform as many shuttles as 
possible. When the individual failed twice to reach the finish line in time, the 
distance covered was recorded and used as the test result. Only one trial was 
given.  
 A composite score (PFcomposite) was determined to provide a more 
complex operational indicator of physical fitness. Z scores were then calculated 
for all physical fitness tests; performance in 5- and 15-m sprint tests was 
reversed since lower times reflect better performance. 
 
Physical activity  
 Physical activity was measured using Actigraph accelerometers (model 
GT1M, Pensacola, FL, USA), which are small (5.1×3.8×1.5 cm), lightweight (45 
g), uniaxial accelerometers that record the occurrence and intensity of 
movement.  Participants were instructed to use the accelerometer attached to 
an elastic belt placed above the right iliac crest for 7 consecutive days. 
Instructions were given to wear the monitor all the time, including training 
sessions, except when sleeping or participating in water activities. Data was 
analysed with Actlife 6.81 (Pensacola, FL, USA) software. Inclusion criteria for 
valid data consisted of a minimum recording of 8 h, during a minimum of 4 
consecutive days with at least one weekend day (Trost et al., 2005). Sixty min 
of consecutive zeros were considered invalid data, and therefore excluded from 
the analysis. Raw data were collected and then analysed with 15-sec epochs in 
accordance with the procedures suggested elsewhere (Evenson, Catellier, Gill, 
Ondrak, & McMurray, 2008). 
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 Acceleration counts were translated into minutes of light, moderate and 
vigorous physical activity using accepted cut points of 101, 1952, and 5725, 
respectively (Evenson et al., 2008). Moderate-to-vigorous physical activity 
(MVPA), and daily sedentary time (DST) were used in the analysis. Daily 
sedentary time was estimated by summing the minutes with acceleration counts 
between 0 and 100 for valid hours of monitoring. 
 
Blood pressure 
 Systolic and diastolic blood pressure measurements were performed with 
Colin model BP 8800 (Critikron, Inc., Tampa, FL, USA) on the right arm after a 
5-min rest. Participants were in a comfortably seated position with their back 
supported and legs not crossed. The arm was bared without constrictive 
clothes, supported at the heart level and resting in a table. At least two readings 
were performed at 5-min intervals; if there was a > 5 mmHg difference between 
the first and second readings additional readings were done. The average of 
two readings with < 5 mmHg difference was used for analysis (Pickering et al., 
2005). 
 
Cardiovascular risk 
 In order to evaluate cardiovascular risk, the following parameters were 
divided in quartiles: waist circumference, fat mass percentage and systolic 
blood pressure. The quartiles of each individual in these parameters were 
summed in order to reflect individual cardiovascular risk. 
 

Data analysis 
  
 Data was tested positively for normality using the Kolmogorov-Smirnov 
test. Descriptive statistics (mean ± standard deviation) were calculated. 
Differences between groups were obtained using independent-samples t-test. 
Standardized differences in means (effect sizes, d) were computed for 
comparisons. Effect sizes were classified according to Hopkins (Hopkins, 2010) 
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as trivial (d < 0.2), small (0.2 < d < 0.6) moderate (0.6 < d < 1.2), large (1.2 < d 
< 2.0), very large (2.0 < d < 4.0), nearly perfect (d > 4.0), and perfect (d = 
infinite). Predictive values of PFcomposite and MVPA were obtained using linear 
regression analysis. Significance was set to p < 0.05. 
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Results 

 
 Table 1 presents age, anthropometry, physical activity, physical fitness, 
and cardiovascular risk. No significant differences were found between SG and 
CG for any anthropometric variables (weight: p = 0.26; height: p = 0.89; BMI = 
0.11; lean mass: p = 0.78), except for fat percentage (p=0.005; d = 0.23) with 
higher values for the CG. No significant differences were found for daily 
sedentary time (p = 0.49). Significant differences were detected between groups 
for physical fitness and MVPA. SG presented higher values for Yo-Yo IE1 (p < 
0.001; d = 0.55), 5-m sprint test (p = 0.002; d = 0.30), 15-m sprint test (p = 
0.001; d = 0.33), PFcomposite (p < 0.001; d = 0.42) and MVPA (p > 0.05; d = 0.72) 
than CG. Additionally, compared to CG, the SG presented lower values for 
systolic blood pressure (p = 0.012; d = 0.25) and cardiovascular risk  (p=0.034; 
d = 0.20).  No differences were detected for diastolic blood pressure (p = 0.272) 
and waist circumference (p = 0.212). 
 PFcomposite and MVPA presented significant predictive value on 
cardiovascular risk. A stepwise regression model including both PFcomposite and 
MVPA presented a significant predictive value on the cardiovascular risk factors 
(r2 = 0.41; p < 0.001). 
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Table 1. Comparisons between the soccer group (SG) and control group (CG) in age, 

anthropometry, physical activity, physical fitness and cardiovascular risk factors. 

 SG CG p Effect size 

Age (years) 9.6±0.7 9.6±0.7 0.610 0 
Weight (kg) 35.3±7.5 37.6±8.9 0.264 0.14 
Height (cm) 136.5±6.7 136.3±6.9 0.885 0.01 

BMI [kg/(m)2] 18.8±2.5 20.1±3.5 0.108 0.21 
Lean Mass (kg) 27.8±4.4 28.1±4.9 0.776 0.03 

Fat (%) 20.4±5.8 23.8±8.2 0.005 0.23 

Physical activity     

MVPA (min/day) 73.6±26.1 56.0±22.5 0.008 0.72 
DST (min/day) 391.4±73.1 404.4±67.8 0.490 0.18 

Physical fitness     

Yo-Yo IE1 (m) 1391±566.6 774.6±349.3 <0.001 0.55 
5-m sprint (s) 1.27±0.07 1.32±0.09 0.019 0.30 

15-m sprint (s) 3.08±0.14 3.20±0.20 0.007 0.33 
CMJ (cm) 23.6±5 21.6±4 0.085 0.22 

PFcomposite (arbitrary units) 0.34±0.7 -0.36±0.8 <0.001 0.42 

Cardiovascular Risk     

Systolic blood pressure (mmHg) 108.4±10.6 114.4±12.5 0.035 0.25 
Waist circumference (cm) 63±7.2 66.4±9.7 0.104 0.20 

Cardiovascular risk (arbitrary units) 6.8±2.8 8.3±2.9 0.041 0.25 

MVPA, Moderate-to-vigorous physical activity; DST, Daily sedentary time; CMJ, 
Countermovement jump; PFcomposite, composite score of physical fitness tests.  
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Discussion 
 
 The present study aimed to investigate the differences in physical fitness 
and cardiovascular risk of two groups of male school children, one with regular 
engagement with after-school soccer practice and one with no extra-school 
sports participation. The results indicate that children engaged with regular 
after-school soccer practice presented higher fitness levels and lower 
cardiovascular risk comparing with children not engaged with any oriented 
extra-school sports participation. The positive association between regular 
sports participation and enhanced physical fitness is well documented (Ara et 
al., 2004; Gutin et al., 1990; Vicente-Rodriguez et al., 2003); thus, the results 
support the assumption that regular participation in organised sports is more 
effective on improving cardiovascular health than non-organised sports practice 
(Silva et al., 2013). 
 We observed that MVPA levels of children engaged with regular after-
school soccer practice were higher than that of children not engaged with any 
oriented extra-school sports participation. It is therefore plausible to state that 
the characteristics of soccer—a highly intermittent activity with multiple turns, 
jumps, sprints, accelerations and decelerations (Randers et al., 2010)—might 
induce a proper impact on children’s health, by meeting the standard 
recommendations for daily MVPA levels (Janssen, 2007; Strong et al., 2005). In 
the present study, soccer practice might have been the cause for the higher 
fitness levels presented by the youths that practiced soccer regularly after 
school. Concomitantly, the soccer group also showed lower values for body fat 
percentage. In youths, body composition can be improved by increasing 
physical activity (Ara et al., 2004; Johnson et al., 2000). Since a selection 
process hardly exists in pre-pubertal soccer players, the explanation for the 
differences on body fat percentage might at less partially reside on the 
engagement with regular after-school soccer practice. 
 We observed that physical fitness and MVPA were significant predictors 
of cardiovascular risk; children with higher physical fitness and higher daily 
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moderate-to-vigorous physical activity presented lower cardiovascular risk. 
Interestingly, cardiovascular risk was higher on the control group than in soccer 
group. This is in accordance with evidence that unfavourable cardiovascular risk 
profiles are usually reported in youths with low levels of physical fitness, high 
percentages of body fat and low physical activity (L. B. Andersen et al., 2006; 
Daniels, Morrison, Sprecher, Khoury, & Kimball, 1999; Gutin et al., 1994).  
 Altogether, the results suggest that soccer programs, applied as after-
school physical activity, might induce positive effects on the children’s physical 
fitness levels. Indeed, recent research highlighted that physical education 
programs should incorporate exercise with high intensity profiles, such as 
soccer (Bendiksen et al., 2014). Soccer is an activity associated with high 
motivational levels, therefore with the potential of implementing regular physical 
activity habits on children of early ages. Incorporating soccer-related activities 
on physical education programs might be an effective strategy to induce 
significant physical fitness improvements and to reduce cardiovascular risk in 
children. 
 
Limitations 

 The lack of effective control of physical education classes and soccer 
training sessions, as well as maturational status stands as limitations of the 
present study.  
 

Conclusion 
 

  After-school soccer practice stands as a valid strategy to improve 
physical fitness and thwart cardiovascular risk factors in pre-pubertal children. 
Since physical education classes are a privileged context for the promotion of 
physical activity in early ages, the inclusion of soccer practice on physical 
education programs should be strongly considered. 
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Regular football practice improves autonomic cardiac function in male 
children 

 

Abstract 
The present study aimed to investigate the impact of recreational football 

practice in the autonomic cardiac function of male children, as measured by 
heart rate variability. 

Forty-seven male children aged 9–12 years were selected according to 
their engagement with oriented football practice outside school context. The 
children were divided in a football group (FG; n = 22) and a control group (CG; n 
= 25). The FG had regular football practice, with 2 weekly training sessions and 
occasional weekend matches. The CG was not engaged with any oriented 
physical activity other than complementary school-based physical education 
classes. Data from physical activity, physical fitness, and heart rate variability 
measured in time and frequency domains were obtained. 

The anthropometric and body composition characteristics were similar in 
both groups (P > 0.05). The groups were also similar on time spent daily in 
moderate-to-vigorous physical activities (FG vs. CG: 114 ± 64 vs. 87 ± 55 min; 
P > 0.05). However, the FG performed better (P < 0.05) in Yo-Yo intermittent 
endurance test (1394 ± 558 vs. 778 ± 408 m) and 15-m sprint test (3.06 ± 0.17 
vs. 3.20 ± 0.23 s). Also, the FG presented enhanced autonomic function. 
Significant differences were detected (P < 0.05) between groups for low 
frequency normalized units (38.0 ± 15.2 vs. 47.3 ± 14.2 n.u.), high frequency 
normalized units (62.1 ± 15.2 vs. 52.8 ± 14.2 n.u.), and LF:HF ratio (0.7 ± 0.4 
vs. 1.1 ± 0.6 ms2). 

Children engaged with regular football practice presented enhanced 
physical fitness and autonomic function, by increasing vagal tone at rest. 
 
 

Keywords: Fitness; Cardiovascular; Heart rate variability; Soccer. 
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Introduction 
 
The role of the autonomic nervous system (ANS) in the cardiovascular 

regulation is of primal importance (Vinik, Maser, & Ziegler, 2010) since it has 
been associated with adverse conditions such as cardiac arrhythmias, sudden 
death, sleep disorders, hypertension and obesity (Emdin et al., 2001; Freeman, 
2006; La Rovere et al., 2003; Peterson et al., 1988; Yakinci, Mungen, 
Karabiber, Tayfun, & Evereklioglu, 2000). Therefore, heart rate variability (HRV) 
has been proposed as a quantitative marker of the ANS ("Heart rate variability: 
standards of measurement, physiological interpretation and clinical use. Task 
Force of the European Society of Cardiology and the North American Society of 
Pacing and Electrophysiology," 1996). 

Analyses of time and frequency domains of HRV provide a non-invasive 
method to evaluate the autonomic regulation of heart rate (Sandercock, 
Bromley, & Brodie, 2005). Time domain methods are based on the sampling of 
heart rate at any point in time, whereas frequency domain methods decompose 
cardiac cycles in various elementary different waves of amplitude and frequency 
through a technique named Fast Fourier Transform (FFT). In the frequency 
domain, which seems to provide a more accurate and specific analysis of 
cardiac autonomic modulation, low frequencies are mostly associated with 
sympathetic activity, while high frequencies represent parasympathetic activity 
and vagal tone ("Heart rate variability: standards of measurement, physiological 
interpretation and clinical use. Task Force of the European Society of 
Cardiology and the North American Society of Pacing and Electrophysiology," 
1996). 

An active lifestyle by performing regular moderate to vigorous physical 
activities is paramount for the prevention of cardiovascular diseases and the 
management of cardiovascular risk factors (ACSM, 2009; Lloyd-Jones et al., 
2010). Regular physical activity is recommended for the prevention of 
overweight and obesity (Barlow, 2007), and has been showed to induce 
increased parasympathetic and decreased sympathetic activity at rest (Furlan, 
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Pagani, & Malliani, 1993; Iellamo et al., 2002; Verlinde, Beckers, Ramaekers, & 
Aubert, 2001). Also, higher levels of physical activity and especially physical 
fitness seem to induce superior levels of parasympathetic activity and vagal 
tone in children (Chen, Chiu, Lee, Sheen, & Jeng, 2012; Michels et al., 2012). 

Over the past few years, intermittent exercise activities have been 
recommended as effective health-promoting strategies (Krustrup, Dvorak, 
Junge, & Bangsbo, 2010). Football is essentially an aerobic intermittent sport, 
interspersing vigorous exercise with lower intensity exercise periods. Given its 
popularity among children and adolescents, independently of gender (Seabra, 
Mendonça, Thomis, Malina, & Maia, 2007), football is likely to attract individuals 
to regular physical activity practice more easily than other sport activities. Thus, 
the clarification of the impact of recreational football practice on health 
parameters is of utmost importance. 

Several studies showed the beneficial impact of regular football practice 
on a considerable number of health parameters of distinct populations 
(Krustrup, Aagaard, et al., 2010a). Similarly, recreational football practice 
seems to have positive effects in heart rate variability; a 12-week football 
intervention on active adult men with mild hypertension showed significant 
increase in the vagal tone (Knoepfli-Lenzin et al., 2010). Higher vagal-related 
indices have also been found on young and adult football players during post-
exercise periods (Buchheit, Simpson, Al Haddad, Bourdon, & Mendez-
Villanueva, 2012; Sandercock et al., 2005). In overweight children, football 
training has been reported as effective on weight control, and induced 
improvements on physical capacity, physical fitness and self-esteem (Faude et 
al., 2010; Weintraub et al., 2008). Also, football training resulted in positive 
structural and functional effects on the cardiovascular system in overweight 
preadolescent children (Hansen et al., 2013). Nevertheless, little is known 
regarding the impact of recreational football practice in the autonomic function 
of youth population. In the present study, we hypothesised that (i) regular extra-
school football practice would induce improvements on physical fitness and the 
autonomic function of children, namely its vagal tone. 
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Methods 
Forty-seven male children aged 9–12 years were selected in three 

elementary schools in Braga, Portugal. The selection was made according to 
their engagement with oriented football practice outside school context. 
Therefore two groups were created, a football group (FG; n =22) and a control 
group (CG; n = 25). The FG had been engaged with regular and oriented 
football practice in local clubs in the 9 months prior to the study, with two weekly 
60-min training sessions and sporadic weekend matches. The football training 
sessions consisted of a general warm-up, followed by technical exercises and 
several small-sided football games. The CG was not engaged with any oriented 
physical activity other than complementary school-based physical education 
classes. Generally, school-based physical education classes consisted of a 
general warm-up, technical exercises of several sports, small-sided games and 
recreational activities lasting a total of 45 minutes. The emphasis of the physical 
education classes was made on several different sports, according to the timing 
of the year and the National programme for physical education. The football 
season and the school season were coincident, and had the duration of 10 
months. The parents or legal guardians provided written informed consent. The 
local university ethics committee approved ethical consent. All procedures were 
conducted according the declaration of Helsinki. 
 The evaluation protocol included HRV measurement, anthropometry, 
physical activity and physical fitness tests. Testing took place in two 
interspersed days for each school. One session was dedicated to HRV 
measurements; the other session was devoted to anthropometry and physical 
fitness assessment.  
 HRV was measured using Polar Team2 TM (Polar Electro OY, Kempele, 
Finland) heart monitors set to record R-R intervals. HRV recording took place at 
9:00 in a quiet and silent room, with low light, comfortable temperature and in a 
fast. The children were in the supine position; no visual contact was granted. 
The recording lasted 15 min, preceded by a 5-min explanation. Metronomic 
breathing was discarded because children have difficulty pacing their breathing 
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with a pre-determined cadence, and therefore potential cardiac alterations might 
occur (Dalla Pozza et al., 2006; Pierangeli et al., 1997). Raw data was 
converted to ASCII format in the form of R-R intervals in milliseconds, and 
exported to Kubios HRV TM version 2.0 (Department of Physics, University of 
Kuopio, Kuopio, Finland). The last 5 min of the test were used to analyse the R–
R intervals using time and frequency-domain techniques. Custom artefact 
correction was used, and trend components were removed according to the 
smoothness priors method on Kubios software. 

Non-parametric methods, namely FFT, were used to obtain measures of 
HRV frequency-domain. Information regarding total power and three-frequency 
bands was obtained by default: very low frequency (VLF: 0–0.04 Hz), low 
frequency (LF: 0.04–0.15 Hz) and high frequency (HF: 0.15–0.4 Hz). VLF was 
discarded from the analysis due to its uncertain physiological meaning and 
interpretation ("Heart rate variability: standards of measurement, physiological 
interpretation and clinical use. Task Force of the European Society of 
Cardiology and the North American Society of Pacing and Electrophysiology," 
1996). HF reflects vagal activity ("Heart rate variability: standards of 
measurement, physiological interpretation and clinical use. Task Force of the 
European Society of Cardiology and the North American Society of Pacing and 
Electrophysiology," 1996); no agreement exists regarding LF, yet it seems to 
reflect mainly sympathetic modulation, especially when normalized ("Heart rate 
variability: standards of measurement, physiological interpretation and clinical 
use. Task Force of the European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology," 1996). LF and HF normalized units 
(n.u.) were also calculated. LF:HF ratio was calculated since it might express 
sympathovagal balance ("Heart rate variability: standards of measurement, 
physiological interpretation and clinical use. Task Force of the European Society 
of Cardiology and the North American Society of Pacing and Electrophysiology," 
1996). 
 Height (cm) (stadiometer model 708, Seca, Hamburg, Germany), weight 
(kg) and percent body fat (Tanita Inner Scan, BC-532, Tanita, Amsterdam, 
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Netherlands), and physical activity questionnaires were assessed in the 
classroom. Lean mass (kg) was obtained by subtracting the fat mass to the 
weight of each individual. The short form of the International Physical Activity 
Questionnaire (IPAQ) was applied to provide information regarding the time 
spent on moderate-to-vigorous physical activities (MVPA). The validity and 
reliability of this instrument was tested in several countries, including Portugal 
(Craig et al., 2003). IPAQ has been often used to assess children and early 
adolescents physical activity (Amorim, de Faria, Byrne, & Hills, 2006; Bergier, 
Kapka-Skrzypczak, Bilinski, Paprzycki, & Wojtyla, 2012; Ottevaere et al., 2011; 
Tsioufis et al., 2011). The questionnaire was applied during an interview led by 
the physical education teacher of each student. Information regarding the daily 
time spent on MVPA was obtained by summing the average duration per day 
spent in each intensity level. 

Fitness tests were administered on an indoor multi-sports ground. Prior 
to testing, the participants performed a 12-min warm-up and familiarization trials 
with each test. Speed was evaluated with a 15-m sprint test. Elapsed times 
were obtained with photoelectric cells (Speed Trap II, Brower Timing Systems, 
Utah, USA) positioned at the starting line, and at 5 and 15 m. Participants 
sprinted from a standing position 30 cm behind the starting line. The fastest of 2 
trials was considered. Jumping height was evaluated by countermovement jump 
(CMJ) on a special mat (Digitime 1000, Digitest, Jyvaskyla, Finland) maintaining 
hands on hips. The best of two trials was retained. The Yo-Yo intermittent 
endurance test – level 1 (Yo-Yo IE1) was used to evaluate aerobic capacity 
(Bangsbo, 1996). Research has proven that Yo-Yo IE1 can be used as an 
indicator of aerobic fitness for children of this age range (Ahler, Bendiksen, 
Krustrup, & Wedderkopp, 2012). The test consists of repeated 2 x 20-m shuttle 
runs between a start and finish line, interspersed by 5-s rest period between 
runs. Progressively increased speeds are controlled by audio bleeps from a CD-
recorder. The aim of the test is to perform as many shuttles as possible. When 
the child failed twice to reach the finish line in time, the distance covered was 
recorded and used as the test result. One trial was given. 
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 Data was tested for normality using the Shapiro-Wilk test. Descriptive 
statistics consisted on mean ± standard deviation (SD); the non-normally 
distributed variables are presented as medians and interquartile (IQ) ranges. 
Differences between groups were obtained using independent-samples t-test. A 
Mann-Whitney test was performed to obtain differences between groups for 
non-normally distributed variables (LF, HF, total power). Standardised 
differences in means (effect sizes, d) were computed for comparisons. Effect 
sizes were classified according to Hopkins (Hopkins, 2010) as trivial (d < 0.2), 
small (0.2 < d < 0.6) moderate (0.6 < d < 1.2), large (1.2 < d < 2.0), very large 
(2.0 < d < 4.0), nearly perfect (d > 4.0), and perfect (d = infinite). Statistical 
significance was set at P < 0.05.  
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Results 
 
Table 1 presents age, anthropometry, physical activity, physical fitness, 

and HRV data. FG and CG were similar for age, anthropometry, total power, 
countermovement jump and MVPA (P > 0.05). However, FG performed better 
than CG in Yo-Yo IE1 (P < 0.05, d = 0.5) and 15-m sprint tests (P < 0.05, d = 
0.3). Also, FG presented higher values for HF n.u. (P < 0.05, d = 0.3), and lower 
values for LF n.u. (P < 0.05, d = 0.3) and LF:HF ratio (P < 0.05, d = 0.4) 
compared to CG. 
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Table 1. Comparisons between the football group (FG) and control group (CG) 
in age, anthropometry, physical activity, physical fitness, and heart rate 
variability. Values presented are mean ± standard deviation or median (IQ).  

 FG CG Effect size 

Age (years) 9.8 ± 0.8 9.4 ± 0.7 0.3 

Weight (kg) 35.7 ± 6.2 37.2 ± 6.6 0.1 
Height (cm) 140.3 ± 6.7 140.0 ± 5.7 0 

BMI [kg/(m)2] 18.0 ± 2.0 19.0 ± 3.5 0.2 

Lean Mass (kg) 28.5 ± 4.7 28.3 ± 3.8 0 

Fat (%) 20.2 ± 6.1 22.5 ± 6.2 0.2 

Physical activity   
 

Moderate-to-vigorous 
physical activity (min/day) 114 ± 64 87 ± 55 0.2 

Physical fitness   
 

Yo-Yo IE1 (m) 1394 ± 558 778 ± 408* 0.5 

5-m sprint (s) 1.25 ± 0.07 1.28 ± 0.10 0.2 

15-m sprint (s) 3.06 ± 0.17 3.20 ± 0.23* 0.3 

Countermovement jump 
(cm) 23.8 ± 6.0 21.2 ± 4.0 0.2 

Heart rate variability   
 

LF (ms2) 1591.5 (769 to 2414) 1921 (326.5 to 3515.5) -- 

LF n.u. (n.u.) 38.0 ± 15.2 47.3 ± 14.2* 0.3 

HF (ms2) 3265 (1616.5 to 
4913.5) 

2670 (389 to 4951) -- 

HF n.u. (n.u.) 62.1 ± 15.2 52.8 ± 14.2* 0.3 

LF:HF (arbitrary unit) 0.7 ± 0.4 1.1 ± 0.6* 0.4 

Total Power (ms2) 5359.5 (3182.5 to 
7536.5) 5577 (2366 to 8788) -- 

* significant differences between FG and CG (p < 0.05); LF, low frequency power; HF, high frequency 
power; n.u., normalized units; MVPA, moderate to vigorous physical activity. 
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Discussion 
 

The results of the present study indicate that regular extra-school football 
practice might enhance autonomic tone in children, by increasing 
parasympathetic activity at rest. Also, children engaged with regular extra-
school football practice presented superior physical fitness compared to 
children not engaged with any oriented physical activity other than 
complementary school-based physical education classes. The distinctive 
characteristics of football, with high heart rate loading and multiple intense 
actions, have been shown to induce higher levels of aerobic capacity, muscle 
strength and speed, independently of level, genre or age of the participants 
(Krustrup, Aagaard, et al., 2010b; Randers et al., 2010). In this way, higher 
VO2max (McManus, Cheng, Leung, Yung, & Macfarlane, 2005), strength and 
speed (Vicente-Rodriguez et al., 2003) have been described for children 
engaged with football activities. 

Interestingly, however, the groups presented similar anthropometric and 
physical activity levels. The similarity on MVPA levels between groups is 
noteworthy given the fact that the FG participated in two weekly 60-min 
structured football-training sessions and sporadic weekend matches. An 
explanation for this can reside on the particular geographic and social context of 
the sample. All schools were located in suburban areas and were surrounded 
by playgrounds. This might facilitate the practice of physical activities beyond 
the school context for the community. It is also important to highlight that the FG 
presented higher (~20 min), but non-significant daily MVPA than the CG. The 
reduced sample size limits extrapolations from the current data. Hence, the 
potential impact of MVPA in vagal tone needs further investigation. 

Notwithstanding, the context in which the physical activity takes place 
might influence its outcome in health parameters as much as the intensity, 
frequency, duration and volume of the exercise (Silva et al., 2013). This might 
help to explain the fact that, even with similar levels of physical activity, the 
groups presented significant differences in the autonomic tone.  
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In the present study, the FG presented improved vagal tone compared to 
the CG. The groups differed mostly in HRV frequency domain, namely LF n.u., 
HF n.u. and LF:HF ratio. The FG presented higher HF n.u. and lower LF:HF 
ratio comparing to the CG. This suggests that children might benefit from 
regular extra-school football practice by improving vagal tone, thus reducing the 
risk of sustaining adverse conditions such as cardiac arrhythmias, sudden 
death, sleep disorders, hypertension and obesity (Emdin et al., 2001; Freeman, 
2006; La Rovere et al., 2003; Yakinci et al., 2000). The volume of sports 
participation might be a key factor on autonomic tone outcome. In fact, higher 
volumes of sports club participation have been reported to have an additional 
benefit on indices of autonomic tone in active children (Radtke et al., 2013). 
Therefore, our results support evidence that young competitive football players 
presented high vagal-related indices of autonomic tone (Buchheit et al., 2012).  

The current study present limitations, namely the reduced sample size, 
small effect sizes, the HRV measurement made only in supine position, the 
physical activity assessment via questionnaire and the omission of maturational 
status evaluation, which may limit extrapolations from the current data. 
However, it is noteworthy that higher HRV values are reported, compared to 
those commonly accepted as reference for individuals of this age and gender 
(Michels et al., 2012). Further investigation should consider larger sample sizes, 
HRV measurement in both standing and supine position and maturational data, 
as well as the evaluation of physical activity by accelerometry. 
 
Conclusion 
 

The present study suggests that engagement in regular extra-school 
football practice might have been the key for improved markers of vagal tone in 
healthy children.  
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1. Measuring health outcomes of football practice: the role of 
cardiorespiratory fitness 

  
 In the present thesis, we aimed to investigate the impact of the 
engagement with regular after-school football practice on several health 
parameters in pre-pubertal male children. Evaluation of cardiorespiratory fitness 
plays a decisive role on the assessment of individual’s overall physical fitness 
and health levels. Therefore, cardiorespiratory fitness has been treated as the 
main outcome throughout the present dissertation. 
 Cardiorespiratory fitness is key component within the multidimensional 
nature of physical fitness, independently of age and gender. In fact, it is often 
utilised as a standalone measure of physical fitness (ACSM, 2009; Church, 
Earnest, Skinner, & Blair, 2007). As stated before, in children, enhanced 
cardiorespiratory fitness is positively related to the reduction of overweight and 
obesity risk (Ortega et al., 2013), reduction of overall cardiovascular risk 
(LaMonte & Blair, 2006; Lobelo et al., 2009; Soares Ferreira & Ramos Duarte, 
2013) and the improvement of several metabolic indicators, such as reduced 
fasting glucose, insulin, triglycerides, LDL-C, blood pressure and higher HDL-C 
(Ortega et al., 2013; Ruiz et al., 2007). 
 Based on the importance of cardiorespiratory fitness and the need of its 
regular evaluation on early-aged populations, we have decided to further 
investigate a field test that could translate children’s cardiorespiratory fitness 
and that could be easily implemented on the school context. The Yo-Yo IE1 has 
been chosen due to the fact that, to our knowledge, no study so far has been 
conducted with this test in children under the age of 10. Also, the test has 
proven to be affected by submaximal cardiorespiratory fitness-related variables 
(Castagna et al., 2006), which might indicate the possibility of developing a 
submaximal version of the test, more suitable to young-aged populations. 
 We have started by investigating the kinetics analyses of heart rate 
response to the Yo-Yo IE1 in pre-pubertal boys (Study I). We detected that 
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during the test a separation exists between an initial phase of fast rise in heart 
rate values (phase 1), and a second phase, in which the rise of the heart rate 
values is much smoother (phase 2). The inflection point between the two 
phases was identified in the 7th shuttle and significant differences were detected 
in slope values between the two phases. We have also found that the kinetic 
profile of heart rate observed in the present study is in accordance with several 
studies focusing on oxygen uptake kinetics (Armstrong & Barker, 2009; Breese, 
Armstrong, Barker, & Williams, 2011; Fawkner, Armstrong, Potter, & Welsman, 
2002; C. A. Williams, Carter, Jones, & Doust, 2001). This might be explained by 
the moderate to large correlations described between heart rate and VO2 
(Bangsbo, Iaia, & Krustrup, 2008; Bradley et al., 2011; Strath et al., 2000), and 
between the ventilatory threshold and the heart rate deflection point (Buchheit, 
Solano, & Millet, 2007; Mikulic, Vucetic, & Sentija, 2011). Significant correlations 
were also described between performance in the Yo-Yo Intermittent Recovery 
test, at both Level 1 and 2, and the VO2max, even though the estimation of 
VO2max from the Yo-Yo test is not completely accurate since individuals with 
almost the same VO2max present a considerable variability in the performance of 
the Yo-Yo test (Bangsbo et al., 2008). Similarly, Mikulic et al. (2011) and 
(Buchheit et al., 2007) found a strong relationship between ventilatory threshold 
and the heart rate deflection point in trained rowers and boys involved in various 
activities, including football. However, the physiological determinants of such 
relationship remain unresolved and no explicative investigation has been made 
with children (Buchheit et al., 2007). Yet, we could suggest that the presence of 
an inflexion point in heart rate kinetics during the Yo-Yo IE1 might be expected. 
Initially, the individuals are standing waiting to start the test, but as soon as the 
test begins both oxygen uptake and heart rate rise immediately to meet the 
exercise demands. Then, a deflection point might occur when both oxygen 
uptake and heart rate reach such level that allows the individuals to cope with 
the exercise demands. Heart rate kinetics progressively increases at a lower 
rate from this deflection point, and peak values occur at exhaustion (end of the 
test). 
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 In the present dissertation, we have also noted that the engagement with 
regular extra-school football practice did not prove to be a differentiating 
variable between the slopes of phase 1 and phase 2. However, physical fitness 
had influence on the slopes. Higher physical fitness corresponded to lower 
slopes for both phases of heart rate kinetics during the Yo-Yo IE1. This means 
that the heart rate of fitter children raised slower throughout the test, therefore 
corresponding to an improved cardiorespiratory profile. Since regular sports 
participation, namely football practice, as proven to induce significant 
improvements on physical fitness of young children (Ara et al., 2004; Bendiksen 
et al., 2014; Randers, Nielsen, Krustrup, Sundstrup, Jakobsen, Nybo, Dvorak, 
Krustrup, et al., 2010), the lack of significant differences between children 
engaged with football and children not engaged with any extra-school sports 
activity might be explained by other factors (not controlled in study I), such as 
regular physical activity levels. In fact, the lack of an effective and reliable 
control of the children’s physical activity levels, including football training and 
physical education sessions, stands as a limitation of study I. Future studies 
should incorporate rigorous assessment of physical activity by the use of 
accelerometers. Additionally, maturational status should also be brought to the 
equation in future studies, as both ethic and financial constrains refrained its 
evaluation in our studies.  

Body weight influenced heart rate kinetics during the Yo-Yo IE1. Body 
weight percentile groups presented distinct slopes for phase 1 of the test. 
Interestingly, higher body weight was associated with a faster rise of the heart 
rate values on the first shuttles of the Yo-Yo IE1. Since lower body weight is 
usually associated with improved health and physical fitness (Andersen et al., 
2004), these results, together with the differences found between physical 
fitness groups, seem to indicate that fitter and healthier individuals have a 
slower rise in heart rate values during the Yo-Yo IE1, corresponding to an 
improved cardiorespiratory profile. The relationship between high body weight 
and less favourable cardiorespiratory profiles can partially be explained by the 
extra inert load of fat tissue that has to be carried on individuals with higher 
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body weight. Ara et al. (2004) found that both fat mass and percentage of body 
fat correlated negatively with the performance in a 20-m multistage shuttle test, 
concluding that the extra weight imposed by the excess of fat mass contributed 
to lower performance on the test. Effectively, fat mass per se explained 27% of 
the differences found in performance of the test. 

Another interesting finding of Study I was that children engaged with 
regular extra-school football practice and higher physical fitness spent more 
total time above 95% of HRpeak during the Yo-Yo IE1. This suggests a superior 
anaerobic capacity. In well-trained individuals, lactate threshold usually occurs 
at around 90% of HRpeak (Bouchard, 1982). However, the relative analysis of the 
percentage of time spent above 95% HRpeak during the Yo-Yo IE1 did not 
change according to the children’s engagement with regular football practice, 
physical fitness or body weight. This might indicate that when performing the full 
version of the Yo-Yo IE1, children exercise at the same relative intensity, 
regardless of the individual’s engagement with regular physical activities, 
physical fitness or body weight. This could mean that the Yo-Yo IE1 is valuable 
and capable of being applied to a broad population as a tool to assess 
children’s cardiorespiratory fitness.!
 
 
2. Maximal testing: a major issue 

 
Maximal exercise testing is considered the gold standard for assessing 

maximal cardiorespiratory fitness (Noonan & Dean, 2000). However, maximal 

testing presents several constrains when its regular application is a demand, 

especially on young-aged populations and in school contexts. The need of 

completing the test until exhaustion might be the main obstacle to the regular 

application of a maximal test, such as the Yo-Yo IE1. Apart from the fact that it 

is very demanding physically, maximal testing can also imply a severe lack of 

motivation on the individual’s, mainly when regularly conducted. This issue has 

been identified in earlier studies, as reported by Bendiksen et al. (2013) for 6- to 
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10-year old school children, and Bradley et al. (2011) for adult athletes. 
Therefore, the use of sub-maximal testing versions could eliminate these 

constrains and facilitate the establishment of a more regular testing of 

cardiorespiratory fitness. Moreover, in school-contexts, sub-maximal testing 

could also present a pedagogical advantage, as a shorter test would not 

discriminate between good and bad performers (Bendiksen et al., 2013).  

In the present thesis, we aimed to investigate the usefulness of a 
submaximal version of Yo-Yo IE1 as a tool to monitor changes in 
cardiorespiratory fitness in school children under the age of 10 years (Study II). 
We observed that a submaximal version of the test until the 7th shuttle, which 

has been previously detected as the inflection point between an initial phase of 

steep rise in heart rate values and a second phase in which the rise of the heart 

rate values is much smaller (Study I), was associated with the total distance 

covered in the full version of Yo-Yo IE1, as well as with HRpeak during the test. 

This means that the 7th shuttle might be an effective submaximal indicator of 

children’s performance on the Yo-Yo IE1. Similarly, previous studies found that 

HR values, expressed as percentage of individual maximal values, obtained 

during fixed time points of the test, namely 6 and 9 min, inversely correlated 

with the distance covered in the Yo-Yo Intermittent Recovery test – Level 1 in 

adult athletes (Bradley et al., 2011; Krustrup et al., 2003). In the single similar 

study conducted with children, Bendiksen et al. (2013) tested a submaximal 

version of Yo-Yo Intermittent Recovery Test – level 1 with children aged 6 to 10 

years. Large inverse correlations were observed between %HRpeak and the test 

performance at 1, 2 and 3 min after the beginning of the test (r=-0.56, r =-0.63 

and r =-0.61, respectively). From a practical perspective, we believe that it 

would be preferable to use a specific shuttle run as the criteria point to analyse 

the submaximal HR, instead of a specific point in time (1, 2, or 3 min), because 

the distance covered (which is the effective performance score in Yo-Yo tests) 

would always be the same for all individuals, whereas the time to stop the test 

would be easier to identify. For this purpose, we tested the 7th shuttle of the Yo-

Yo IE1, which takes place 2.5 min after the beginning of the test. Slightly higher 

magnitudes of correlation between %HRpeak and the test performance were 
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detected (r=-0.66 to -0.73), comparing to those (r=-0.63) obtained elsewhere 

(Bendiksen et al., 2013). 

Also, it should be noted that %HRpeak on the 7th shuttle remained 

unaltered even though HRpeak and absolute HR at the 7th shuttle decreased 

throughout the academic year. Since the results show that there was a stable 

tracking between absolute heart rate at the 7th shuttle and performance in the 

test through time, it is reasonable to conclude that a submaximal version of the 

Yo-Yo IE1 might provide valuable information regarding the changes in aerobic 

fitness of children throughout the school year. 
 
3. Football for health: true or false? 
  
 In the first two studies of the present thesis (Study I and Study II), we 
have analysed the Yo-Yo IE1 in children. Our goal was to improve the current 
knowledge about the physiological response to the test in school-aged boys. 
However, the test also served as a basis for two cohort studies, in which we 
have seek to investigate the impact of the engagement with regular extra-school 
football practice on physical fitness and cardiovascular risk factors (Study III), 
as well as autonomic cardiac function (Study IV) in boys under the age of 10 
years. 
We have found that children engaged with regular after-school football practice 
presented improved physical fitness levels and lower cardiovascular risk 
comparing with children not engaged with any oriented extra-school sports 
participation. Lower values for body fat percentage were also found in those 
engaged with regular extra-school football practice (Study III). Enhanced 
autonomic tone, as a result of increased parasympathetic activity at rest, was 
also found in children engaged with regular after-school football practice (Study 
IV). Interestingly, higher MVPA levels were also found in children engaged with 
football activities, which seems to indicate that the characteristics of football—a 
highly intermittent activity with multiple turns, jumps, sprints, accelerations and 
decelerations (Randers, Nybo, et al., 2010)—might induce a proper impact on 
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children’s health, by inducing higher physical fitness and meeting the standard 
recommendations for daily MVPA levels (Janssen, 2007; Strong et al., 2005).  

In Study III, we identified both physical fitness and MVPA as significant 
predictors of cardiovascular risk. Evidence exists that unfavourable 
cardiovascular risk profiles are usually reported in youths with low levels of 
physical fitness, high percentages of body fat and low physical activity 
(Andersen et al., 2006; Daniels, Morrison, Sprecher, Khoury, & Kimball, 1999; 
Gutin et al., 1994). Following the trend found on Study III, Study IV also showed 
higher physical fitness levels in those boys engaged with regular extra-school 
football practice, even though no differences were found for body composition 
and physical activity levels. This lack of differences might be explained by the 
smaller sample size and by the use of physical activity questionnaires instead of 
the more accurate measurement via accelerometers, as performed on study III. 
Accelerometry constitutes a feasible and accurate method to measure daily 
physical activity in comparison with direct observation, parental self-report or 
questionnaires, as used in study IV. Therefore, it could be expected that a more 
reliable assessment of physical activity, via accelerometers, would translate into 
significant differences for physical activity levels, since only one of the groups 
was engaged with extra-school sports activities. It is recognised that many 
studies may be underpowered to detect the desired difference due to a small 
sample size (Moher, Dulberg, & Wells, 1994). The complexity of the evaluation 
of the autonomic cardiac function hampered the sample size assessed in study 
IV, and this might also explain the lack of differences found for body 
composition. 

In Study IV, we have also showed improved vagal tone in children 
engaged with regular football practice. The groups differed mostly in HRV 
frequency domain, namely LF n.u., HF n.u. and LF:HF ratio. Higher HF n.u. and 
lower LF:HF ratio were detected in the football group. This suggests that 
children might benefit from regular extra-school football practice by improving 
autonomic cardiac function, thus reducing the risk of sustaining adverse 
conditions such as cardiac arrhythmias, sudden death, sleep disorders, 
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hypertension and obesity (Emdin et al., 2001; Freeman, 2006; La Rovere et al., 
2003; Yakinci, Mungen, Karabiber, Tayfun, & Evereklioglu, 2000). 

Previous studies have described that higher volumes of sports club 
participation might induce additional benefit on indices of autonomic tone in 
active children (Radtke et al., 2013). This is supported by our results. Results 
from the present thesis seem to indicate that, in fact, regular extra-school 
football practice has a pronounced and positive effect on children’s health. This 
assumption is supported by the fact that superior physical fitness, lower 
cardiovascular risk and enhanced autonomic cardiac function were identified in 
children engaged with regular extra-school football practice. Recent research 
highlighted that physical education programmes should incorporate exercise 
with high intensity profiles, such as football (Bendiksen et al., 2014). This is 
supported by the fact that football is an activity associated with high motivational 
levels (Seabra, Mendonça, Thomis, Malina, & Maia, 2007), therefore with the 
potential of implementing regular physical activity habits in children of early 
ages. Altogether, incorporating football-related activities in physical education 
programmes might be an effective strategy to induce significant physical fitness 
improvements, to reduce cardiovascular risk and to improve autonomic cardiac 
function in children. 
 We have restricted our investigation to boys since in our sample girls did 
not present significant extra-school sports engagement, whether it football or 
not. Yet, we firmly believe that it would be of great value to apply the model of 
our studies in female school-aged populations in order to understand if gender 
is a discriminating variable when it comes to understand the impact on health of 
such programmes. There is still a lack of studies investigating the impact of 
extra-school football engagement on children’s health, regardless of the gender. 
Additionally, very few studies do still exist on the physiological response of the 
Yo-Yo IE1 in school-aged children, regardless of the gender. 

It would be of great interest to further investigate the impact of football 
programmes taking in consideration blood sampling, which could provide 
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analysis of metabolic parameters such as cholesterol, glucose and triglycerides. 
One considerable constrain of our studies had to do with the lack of accurate 
metabolic assessment, due to the high financial cost of large-scale blood 
sampling.  
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Conclusions 

  

Based on the individual studies conducted as part of the present thesis, 
we conclude that: 

- Performance in the Yo-Yo IE1 test increases during the academic year; 
the Yo-Yo IE1 provides important information about the cardiorespiratory 
fitness level of young school children; 
 

- The Yo-Yo IE1 is a demanding high-intensity activity, imposing high 
aerobic and anaerobic loading, regardless the individual’s engagement 
with regular physical activities, physical fitness or body weight; 
 

- Physical fitness and body weight influence heart rate kinetics during the 
Yo-Yo IE1 in pre-pubertal boys; 
 

- Absolute heart rate measured during a submaximal version of the Yo-Yo 
IE1 can be used for frequent, non-exhaustive monitoring of changes in 
cardiorespiratory fitness in children aged 7 to 10 years; 
 

- After-school football practice stands as a valid strategy to improve 
physical fitness and cardiovascular risk factors in pre-pubertal children; 
 

- Engagement with regular extra-school football practice improves markers 
of vagal tone in healthy children, leading to enhanced autonomic cardiac 
function. 
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