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Aerobic Power in Prepubescent Children with Different Levels of Physical Activity
Potencia Aeróbica en Niños Prepubescentes con Diferentes Niveles de Actividad Física
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Abstract. The purpose of the study was to compare the aerobic power of prepubescent children (Tanner 1 stage). Participants were 95 children between
7 and 9 years old, divided into 4 physical activity level groups: a) Trained (n = 24), b) Sport beginners (n = 23), c) Active (n = 24), and d) Sedentary (n
= 24). Physical activity level was determined by a three-day physical activity diary. Subjects performed a treadmill Balk protocol to obtain their peak
oxygen uptake. Comparisons were made using ANOVA two-way and post hoc Tukey followed-up the significant differences for p< 0,05. Trained, sport
beginners and active children presented similar amount of physical activity level, but they significantly differ from the sedentary children (p< 0.05).
Overall boys (50.67 ± 8.52 ml/kg/min) had higher relative peak oxygen uptake than girls (45.19 ± 6.44 ml/kg/min). The gender by group interaction
showed that this difference is explained by the superior values of the trained boys (58.80 ± 8.98 ml/kg/min) when compared to trained girls (47.51 ±
5.68 ml/kg/min), even though they presented the same amount of physical activity level. The trained group (53.16 ± 9.34 ml/kg/min) showed higher
relative peak oxygen uptake compared to sport beginners (48.90 ± 6.54 ml/kg/min), active children (45.46 ± 7.50 ml/kg/min) and sedentary children
(44.63 ± 9.52 ml/kg/min). The results suggest that prepubescent children that participate in systematized trained programs have better physiological
indicators for aerobic fitness.
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Resumen. El propósito del estudio fue comparar la potencia aeróbica de niños prepubescentes (Estadio de Tanner 1). Participaron 95 niños y niñas
con edades entre 7 y 9 años, divididos en 4 grupos basados en sus niveles de actividad física: a) Entrenados (n = 24), b) Principiantes en deportes (n =
23), c) Activos (n = 24), y d) Sedentarios (n = 24). Los niveles de actividad física se determinaron por medio de un diario de actividad física de tres días.
Los participantes realizaron el protocolo de Balke en banda sin fin para obtener el consumo de oxígeno pico. Se hicieron comparaciones con ANOVA
de dos vías y post hoc de Tukey cuando se encontraron diferencias significativas a un p < 0.05. Los niños prepubescentes entrenados, principiantes en
deportes y activos presentaron niveles de actividad física similares, pero fueron significativamente diferentes de los niños sedentarios (p < 0.05). En
general, los niños presentaron mayor consumo de oxígeno pico (50.67 ± 8.52 ml/kg/min) que las niñas (45.19 ± 6.44 ml/kg/min). La interacción de
sexo por grupo mostró que esta diferencia se explica por el mayor valor de los niños entrenados (58.80 ± 8.98 ml/kg/min) cuando se les comparó con
las niñas entrenadas (47.51 ± 5.68 ml/kg/min), aunque tuvieran el mismo nivel de actividad física. El grupo entrenado (53.16 ± 9.34 ml/kg/min) presentó
mayores valores de consumo de oxígeno pico comparados con los principiantes (48.90 ± 6.54 ml/kg/min), niños activos (45.46 ± 7.50 ml/kg/min) y
niños sedentarios (44.63 ± 9.52 ml/kg/min). Los resultados sugieren que los niños prepubescentes que participan en programas de entrenamiento
sistemáticos tienen mejores indicadores fisiológicos de capacidad aeróbica.
Palabras claves. potencia aeróbica, actividad física, niños
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Introduction

In general, children are considered as being a very physically-active
group in the population. However, the association between daily physical
activity and aerobic fitness of prepubescent children is difficult to
understand because of their increased amount of daily physical activity.
Is the high exercise volume and intensity naturally-performed by children
good enough to guarantee the appropriate development of aerobic fitness?

Aerobic power is a component of physical fitness, and the quantity
of exercise needed to improve it is well-known for adults (Garber et al.,
2011). However, it is less known the quantity of exercise needed to
induce physiological changes leading to aerobic and strength
improvements in children (Faigenbaum, Lloyd, & Myer, 2013; Pieles,
Horn, Williams, & Stuart, 2014; Twisk, 2001).

There are studies suggesting that participation in sport activities
during childhood and youth ages may be predictive of physical activity
in the future (Malina, 1996; McMurray, Harrell, Bangdiwala, & Hu,
2003). The reduction in energy expenditure caused by low levels of
physical activity has been recognized as an influential factor to increase
unhealthy behaviors (Johnson et al., 2000). Om the other hand, increased
energy expenditure by practicing exercise has contributed to a better
and efficient function of various organ systems, weight maintenance,
and in the general improvement of quality of life (Malina, 1996).

Aerobic capacity is an important variable reported in the studies
tracking physical activity from childhood to adulthood with the goal to
demonstrate that it is a more consistent component compared to the
amount of physical activity. This brings the idea that during childhood
aerobic power can be a more satisfactory health parameter than a higher

level of physical activity (Johnson et al., 2000; Malina, 1996; McMurray
et al., 2003).

 Studies on prepubescent children showed a positively association
between physical activity levels and physical fitness (Eliakim, Scheett,
Allmendinger, Brasel, & Cooper, 2001; Rowlands, Eston, & Ingledew,
1999). Although the majority of the studies used samples of sedentary
and active children, it is difficult to understand the influence of physical
activity levels and aerobic power in children’s health. Thus, one question
remains unclear: is the aerobic power of a regular sport training children
superior when compared to children not engaged in systematic training
programs? Therefore, the aim of this study was to compare the aerobic
power in different groups of male and female prepubescent children;
those engaged in competitive sports training, sport training beginners,
active children who do not participate in regular sports training and
sedentary children.

Methods

Participants
The sample consisted of 95 children (age = 8.5 ± 0.6 yr.) divided in

4 groups: a) Trained, 12 boys and 12 girls participating in long distance
running programs three times per week for more than six months; b)
Sport Beginners, 11 boys and 12 girls registered in karate classes twice
per week for less than two months (emphasis was learning the sport);
c) Active, 12 boys and 12 girls classified as active according to the
Bouchard’s three-day diary (Bouchard et al., 1983); and d) Sedentary,
12 boys and 12 girls classified as sedentary by the same three-day diary.
The trained, sport beginners and active children had the same daily
physical activity levels. All children were considered healthy and free-
of-medication. Written informed consent was obtained from parents
and the protocol was approved by the Federal University of Paraná
Human Research Ethics Committee.
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Measurements and Procedures
Body composition. Body mass (kg) and height (cm) were measured

according to standard procedures (American College of Sports Medici-
ne, 2010). Then, the body mass index (BMI = mass/height2) was
calculated. Children were measured barefoot and wore comfortable
clothes. Body fat was estimated according to the Slaughter equation
(Slaughter et al., 1988), as described and cross-validated in previous
studies (Filaire & Lac, 2002; Guedes & Guedes, 2000; Rowland, Goff,
Martel, & Ferrone, 2000; Weimann, 2002).

Physical activity. Physical activity level was determined by using a
three-day diary (Bouchard et al., 1983). The instrument requires to
recording activities during two-days of the week (Monday and
Tuesday) and one day of the weekend (Saturday). The activities were
recorded according to a scale from 1 to 9, calculating each activity energy
expenditure in METS or kcalkg-115min-1. Children recorded the activity
they performed in 15 min blocks to the assistant researcher who registered
the appropriated scale classification. The full-day was divided into 96
periods of 15 min. Habitual physical activity was determined as the
mean value of the three days.

Peak oxygen uptake. Aerobic power (VO2) was measured on a
treadmill with the Balke protocol, using the Parvo Medics metabolic
system (MMS – 2400). The system was calibrated before each test
according to the manufacture’s specifications. The main advantage for
choosing the Balke protocol was the constant speed (3.3 mph or ~5.3
km/h), which enabled children to adapt to the treadmill exercise. During
each stage of the protocol, only the inclination grade changed. Expired
gases were collected every 15-s. The test ended when maximal effort
was obtained, the heart rate reached values above 185 bpm (Hebestreit,
Staschen, & Hebestreit, 2000; Rowland et al., 2000)), or when the
participant showed physiological signs of exhaustion (i.e., hyperpnea,
facial flushing, unsteady gait, sweating or dizziness) (American College
of Sports Medicine, 2014).

Sexual maturation. To guarantee that all children in this sample
were prepubescent, a self-assessment of pubic hair was used according
to Tanner stages. This procedure is simple and it is considered to be
accurate to determine sexual maturation (Bojikian et al., 2002;
Hergenroeder, Hill, Wong, Sangi-Haghpeykar, & Taylor, 1999). First,
the researcher explained to each child how to proceed. Then, the subject
alone wrote in an image form the number (1 to 5) which corresponded
to his or her sexual maturation.

The tests were conducted only in the morning. Parents were
informed that children had to sleep at least 8 h, had to have a light
breakfast and should not take part in any type of intensive exercise the
day before the tests.

Design and statistical analyses
The study used an ex post facto design. The independent variables

were physical activity levels and gender, and the dependent measures
were body fat %, BMI and aerobic power. Group comparisons were
made using two-way ANOVA’s. Tukey’s post hoc followed-up the
significant differences, with alpha level of 0.05.

Results

The age, anthropometric measurements, body mass index and body
fat, and physical activity level (PAL) of the participants are reported
by gender and group in Table 1.

Neither the groups nor the gender differed in BMI. Therefore, the
growth of the sample was considered homogeneous. The values for
BMI were similar to other studies conducted with children of similar
ages (Guerra, Ribeiro, Costa, Duarte, & Mota, 2002; McMurray et al.,
2003). These results were expected because there are no significant
differences between boys and girls during the prepubescent years (Guedes
& Guedes, 1995; Silvestri, 1999). Nevertheless, there were gender
differences in the body fat content (p < 0.05). Girls had higher body fat
values compared to boys. Other studies also reported high fat content
for girls than boys even in the prepubescent years (Ball et al., 2001;

McMurray et al., 2003; Sleap & Tolfrey, 2001). The active group
showed higher values of body fat compared to the sport beginners and
trained groups.

As depicted in table 1, there were not significant differences between
boys and girls in the PAL. As expected, the sedentary group was less
active than the other groups. Post hoc analysis showed no significant
differences between active, sport beginners and trained groups.

The ANOVA results revealed significant main effects for gender
and groups for relative and absolute VO2. In table 2 are presented means
and standard deviations for aerobic power, in absolute (L/min-1) and
relative values (ml/kg-1/min-1).

These results showed that trained boys had higher values for
absolute and relative VO2 than girls (Table 2). The gender by group
interaction showed that this difference is better explained by the higher
values of the trained boys when compared to trained girls, even though
they showed the same amount of daily physical activity levels. The
trained group had higher relative VO2 compared to sport beginners,
active and sedentary children. These results suggest that prepubescent
children that participate in systematized trained programs show better
physiological indicators for aerobic fitness. Figures 1 and 2 present the
gender by group interaction for absolute and relative VO2.

Discussion

The sample analyzed was homogenous in growth and the children
BMI values were considered normal according to previous research
(Cole, Bellizzi, Flegal, & Dietz, 2000). The body fat percentages were
also in the levels expected for prepubescent children (Heyward &
Wagner, 2004); however, girls showed higher fat content than boys.
Similar results were found in others studies (Ball et al., 2001; McMurray
et al., 2003; Rowland et al., 2000; Sleap & Tolfrey, 2001). Although girls
had higher body fat %, there were no differences in the quantity of
physical activity performed during the day (PAL).

The similarity of the results between boys and girls in physical
activity level were also shown in recent studies (Ball et al., 2001; Sleap
& Tolfrey, 2001; Trost et al., 2002). Other research shows that girls are
less active than boys of the same age level (Boreham, Twisk, Savage,
Cran, & Strain, 1997; Eliakim et al., 2001; Epstein et al., 2001; Gavarry,
Giacomoni, Bernard, Seymat, & Falgairette, 2003; Guerra et al., 2002;
Janz et al., 2002; McMurray et al., 2003; Riddoch et al., 2004). In this
study, half of the sample was comprised by children who are engaged in
regular physical activity which could explain the lack of gender difference
for physical activity level (Mascarenhas et al., 2005).

Note: +significant between -gender differences within the same group, *significantly different from Active 
and Sedentary groups, **significan tly different from Sport Beginners and Trained group s; ***significantly 
different from the other groups. 

36.22  ±1.81***16.90 ± 5.8616.08 ±2.338.29 ± 0.69Total
36.94 ± 1.3118.41 ± 6.5916.74 ±2.508.42 ± 0.59Girls
35.50 ± 2.0115.69 ± 4.8315.42 ±2.038.21 ± 0.60 Boys

Sedentary (n= 24)

42. 63 ±2 .8618.94 ± 5.47**16.76 ±1.688.32 ±0.79Total
41.20 ± 2.4222.00 ± 4.7717.11 ±1.928.31 ± 0.36Girls
44.06 ± 2.6215.86 ± 4.38+16.41 ±1.408.26 ± 0.33Boys

Active (n= 24)

42. 24 ±3 .6914.50 ± 4.3715.89 ±1.768.51 ± 0.34Total
42.89 ± 3.5114.48 ± 5.8216.63 ±1.958.47 ± 0.67Girls
41.60 ± 3.9214.52 ± 4.9716.19 ±1.578.53 ± 0.75Boys

Sport  Beginners (n= 23)

42. 21 ±9 .6714.86 ± 5.3115.81 ±1.268.90 ± 0.59Total
40.76 ± 13.616.86 ± 4.1015.59 ±1.418.67 ± 0.85Girls
43.67 ± 2.4912.86 ± 3.8016.04 ±1.108.97 ± 0.47Boys

Trai ned (n= 24)

PAL (kcalkg-1day-1) Body Fat (%)BMI (kg/m2)Age (yrs.)Groups

Table 1. 
Subjects anthropometric character istics

44.63 ± 9.521.1 9 ± 0.24Overall
Sedentary 45.82 ± 8.421.3 2 ± 0.26Girls

45.11 ± 6.811.1 8 ± 0.17Boys

Note: +significant between-gender difference within the same group, *significant difference from 
Sedentary group, **significant difference from Sedentary and Active groups. 

45.46 ± 7.501.2 5 ± 0.22Overall
40.43 ± 6.431.1 4 ± 0.22Girls
48.83 ± 10.461.2 4 ± 0.25Boys

Active

48.90 ± 6.541.2 8 ± 0.20Overall 
47.03 ± 5.241.2 4 ± 0.15Girls
49.96 ± 7.851.3 2 ± 0.24Boys

Sport Beginn ers

53.16 ± 9.34**1.41 ± 0.36*Overall 
47.51 ± 5.681.2 5 ± 0.27Girls
58.80 ± 8.98+1.58 ± 0.37+Boys

Trained

VO2ma x (mlkg-1min-1)VO2max (L/min-1)Groups

Table 2.
Comparisons in  VO2max considering the gender by group intera ction 
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The Sedentary group performed less physical activity compared
to the others groups (p < 0.05). There were no differences among the
others groups (i.e., Trained, Sport Beginners and Active). The lack of
differences between the groups engaged in sports (i.e., Trained and
Sport Beginners) and the Active group reflects that the daily routine
performed by active children is composed by enough amounts of
physical activity tasks that guarantee a similar total PAL; however, the
sport practices are not a significant item in the PAL.

In spite of PAL results, there were differences in overall VO2
between the groups. Such differences cannot be attributed to a failure of
the test because a maximal effort was reached at completion. The ANOVA
showed that there were no significant differences in RER following
exercise between groups (p = 0.25) or between genders (p = 0.21).

Overall, the results obtained by the male subjects were 50.68 ±
9.81 and for girls 45.43 ± 7.03 mlkg-1min-1. These values are similar to
those reported in previous studies on subjects with the same age
characteristics. For example, McMurray et al. (McMurray et al., 2003),
reported VO2 = 46.5 ± 8.9 mlkg-1min-1 for boys and 41.3 ± 9.1 mlkg-

1min-1 for girls. Others (Rowland et al., 2000), also reported similar
mean values (47.2 ± 6.1 mlkg-1min-1 for boys and 40.4 ± 5.8 for girls
mlkg-1min-1). The slightly higher values found in this study can be
result of the samples’ attributes. When analyzing only the Sedentary
and Active groups the mean VO2 were slightly lower to those reported
earlier on children of the same age (Beunen et al., 2002; Rowland et al.,
2000).

In conclusion, boys showed higher aerobic power values than girls.
There were no significant between-gender differences in PAL. According
to the literature, even at prepubescent age, boys have significant higher
values in aerobic power compared to girls (Docherty, 1996; Guerra et
al., 2002; Janz, Dawson, & Mahoney, 2000; McMurray et al., 2003;
Rowland et al., 2000; Sleap & Tolfrey, 2001). We found similar results
on the sample studied, with a 10.4% difference between boys and girls.
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*

Figure 1. Group x gender interacti on for relative aerobic power (* p < 0.05 between gender)

Figure 2. Group x gender interaction for absolute aerob ic p ower (* p < 0.05 between gender)


