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Abgtract. 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 physicd activity level groups @) Trained (n = 24), b) Sport beginners (n = 23), ¢) Active (n = 24), and d) Sedentary (n
= 24). Physical activity level was determined by a three-day physica 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 relaive pesk oxygen uptake than girls (45.19 + 6.44 mi/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 physica 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 physiologica
indicators for aerobic fitness.
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Resumen. El propésito del estudio fue comparar la potencia aerdbica de nifios prepubescentes (Estadio de Tanner 1). Participaron 95 nifios y nifias
con edades entre 7'y 9 afios, divididos en 4 grupos basados en sus niveles de actividad fisica: @ Entrenados (n = 24), b) Principiantes en deportes (n =
23), ¢) Activos (n = 24), y d) Sedentarios (n = 24). Los niveles de actividad fisica se determinaron por medio de un diario de actividad fisica de tres dias.
Los participantes realizaron € protocolo de Balke en banda sin fin para obtener e consumo de oxigeno pico. Se hicieron comparaciones con ANOVA
de dos vias y post hoc de Tukey cuando se encontraron diferencias significativas a un p < 0.05. Los nifios prepubescentes entrenados, principiantes en
deportes y activos presentaron niveles de actividad fisica similares, pero fueron significativamente diferentes de los nifios sedentarios (p < 0.05). En
general, los nifios presentaron mayor consumo de oxigeno pico (50.67 + 8.52 mi/kg/min) que las nifias (45.19 + 6.44 ml/kg/min). La interaccion de
SEX0 por grupo mostré que esta diferencia se explica por € mayor vaor de los nifios entrenados (58.80 + 8.98 mi/kg/min) cuando se les compard con
las nifias entrenadas (47.51 + 5.68 ml/kg/min), aunque tuvieran & mismo nivel de actividad fisca El grupo entrenado (53.16 + 9.34 mi/kg/min) presentd
mayores valores de consumo de oxigeno pico comparados con los principiantes (48.90 + 6.54 ml/kg/min), nifios activos (45.46 + 7.50 mi/kg/min) y
nifios sedentarios (44.63 + 9.52 mi/kg/min). Los resultados sugieren que los nifios prepubescentes que participan en programas de entrenamiento
sisteméticos tienen mejores indicadores fisioldgicos de capacidad aerébica

Palabras claves. potencia aerdbica, actividad fisica, nifios

Introduction level of physical activity (Johnsonet dl., 2000; Maing, 1996, McMurray
etd., 2003).
Ingenerdl, chil dren areconsidered asbeing avery physically-active Studieson prepubescent children showed apositively association

groupinthepopulation. However, theassociation between daily physical between _phys'w activity levelsand physicd fitness(Eliakim, Schestt,
activity and aerobic fitness of prepubescent children is difficult o Allmendinger, Brasdl, & Cooper, 2001; Rowlands, Eston, & Ingledew,
understand becauseof their increased amount of daily physical activity, ~ 1999)-Although themgjority of the studiies used samples of sedentary
Isthehighexercisevolumeandintensity naturally-performed by children and activechildren, itisdifficult to understand theinfluence of physica
good enoughtoguaranteetheappropriatedevel opmernt of aerobicfitness? axivi_ty level sand aerobic power in children’ shedlth. Thus, onequestion
Aerobic power isacomponent of physical fitness, and thequantity rema_nsundeer: istheaerobicpcwerof aregulas_pontreiningdwildrm
of exerciseneededtoimproveitiswell-knownfor adults (Garber etdl.,  SUPeriorwhencomparedto childrennot engagedinsystemtictraining
2011). However, it is less known the quantity of exercise needed to ~ Programs? Therefore, theaim of thisstudy wasto comparetheaerobic
induce physiological changes leading to aerobic and strength ~ Power in different groups of male and female prepubescent children;
improvementsin children (Faigenbaum, Lloyd, & Myer, 2013; Pides,  thoseengaged in competitive sportstraining, sport training beginners,
Horn, Williams, & Stuart, 2014; Twisk, 2001). active children who do not participate in regular sports training and
There are studies suggesting that participation in sport activities ~ Sedentary children.
during childhood and youth agesmay bepredictiveof physica activity

in the future (Mdina, 1996; McMurray, Harrell, Bangdiwala, & Hu, Methods

2003). The reduction in energy expenditure caused by low levels of .

physical activity hasbeen recognized asaninfluential factor toincrease Particpants _ -
unhealthy behaviors(Johnson et dl., 2000). Omtheother hand, incressed Thesampleconsisted of 95 children (age=8.5+ 0.6 yr.) dividedin

energy expenditure by practicing exercise has contributed to a better 4grqups @) Trained, 12 boysand 12 girlsparticipatinginlong distance
and efficient function of various organ systems, weight maintenance, ~ 'Unning programs three times per week for more than six months, b)
andinthegenerd improvement of qudity of life(Maina, 1996). Sport Beginners, 11 boysand 12 girlsregistered in karate classestwice

Aerobic capacity is an important variable reported in the studies  Per week for lessthan two months (emphasis was learning the sport);
tracking physical activity from childhood toadulthoodwiththegoal to  ©) Active, 12 boys and 12 girls dassified as active according to the
demongtrate that it is a more consistent component compared to the  Bouchard'sthree-day diary (Bouchard et dl., 1983); and d) Sedentary,
amount of physical activity. Thisbringstheideathat during childhood ~ 12boysand 12 girlsclassified assedentary by thesamethree-day diary.

aerobic power can beamoresatisfactory health parameter than ahigher The trained, sport beginners and active children had the same daily
physica activity levels. All children were considered hedlthy and free-

of-medication. Written informed consent was obtained from parents

Fecha recepcion: 30-09-14- Fecha envio revisores: 30-09-14- Fecha de aceptacion: 15-11-14 and the protocol was approved by the Federd University of Parana
Luis Paulo Gomes Mascarenhas . .
luismsk@gmail.com Human Research Ethics Committee.
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Measurementsand Procedures

Body composition. Body mass(kg) and height (cm) weremessured
according to standard procedures (American College of SportsMedici-
ne, 2010). Then, the body mass index (BMI = massheight?) was
calculated. Children were mesasured barefoot and wore comfortable
clothes. Body fat was estimated according to the Saughter equation
(Slaughter et d., 1988), as described and cross-vdidated in previous
sudies(Filare& Lac, 2002; Guedes& Guedes, 2000; Rowland, Goff,
Martel, & Ferrone, 2000; Weimann, 2002).

Physical activity. Physica activity level wasdetermined by usinga
three-day diary (Bouchard et d., 1983). The instrument requires to
recording activities during two-days of the week (Monday and
Tuesday) and one day of theweekend (Saturday). The activitieswere
recorded accordingtoascdefrom 1t09, cd culaing eech activity energy
expenditurein MET Sor ked *kg+15min. Childrenrecorded theactivity
they performedin 15minblockstotheass stant reseercher whoregistered
the appropriated scale classfication. Thefull-day was divided into 96
periods of 15 min. Habitual physica activity was determined as the
mean vaue of thethreedays.

Peak oxygen uptake. Aerobic power (VO,) was measured on a
treadmill with the Balke protocol, using the Parvo Medics metabolic
system (MMS — 2400). The system was cdibrated before each test
according to themanufacture s specifications. Themain advantagefor
choosing the Bake protocol was the constant speed (3.3 mph or ~5.3
kmvh), which enabled childrento adapt tothetreadmill exercise. During
eech sage of the protocol, only theinclination grade changed. Expired
gaseswere collected every 15-s. Thetest ended when maxima effort
wasobtained, theheart ratereached val uesabove 185 bpm (Hebedtreit,
Staschen, & Hebedreit, 2000; Rowland et d., 2000)), or when the
participant showed physologica Sgnsof exhaustion (i.e., hyperpnea,
facid flushing, ungteedy gait, swesting or dizziness) (American College
of Sports Medicine, 2014).

Sexual meturation. To guarantee thet al children in this sample
wereprepubescent, aself-assessment of pubic hair wasused according
to Tanner stages. This procedure is smple and it is considered to be
accurate to determine sexual maturation (Bojikian et ., 2002,
Hergenroeder, Hill, Wong, Sangi-Haghpeykar, & Taylor, 1999). Firgt,
theresearcher explained to each child how to proceed. Then, thesubject
donewrotein animageform the number (1 to 5) which corresponded
tohisor her sexual maturation.

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

Design and datigtical analyses

Thestudy used an ex post facto design. Theindependent varigbles
were physicd 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
sgnificant differences, with alphaleve of 0.05.

Results

Theage, anthropometric measurements, body massindex and body
fat, and physicd activity leve (PAL) of the participants are reported
by gender and groupin 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 sudies conducted with children of smilar
ages(Guerra, Ribeiro, Costa, Duarte, & Mota, 2002; McMurray et d.,
2003). These results were expected because there are no Sgnificant
differencesbetween boysand girlsduring theprepubescent years(Guedes
& Guedes, 1995; Silvestri, 1999). Neverthedless, there were gender
differencesinthebody fat content (p < 0.05). Girlshad higher body fat
vaues compared to boys. Other studies dso reported high fat content
for girls than boys even in the prepubescent years (Ball e d., 2001;
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Table 1.

Subj ects anthr oponetri c character istics
Groups Age(yrs)  BMI (kg/m?) Body Fat (%) PAL (kcalekg eday™)

Boys 8.97+0.47 16.04 +110 12.86+3.80 4367+ 249

Tra ned (n= 24) Girls  867+0.85 1559 +141 16.86+4.10 40.76 + 13.6
Total 8.90+0.59 1581 +126 14.86+5.31 42.21 £9.67
Boys 853+0.75 1619 +157 1452+ 4.97 41,60+ 3.92

Sport Beginners (n=23) Girls 847+ 0.67 1663 +195 14.48+582 4289+ 351
Total 851+0.34 1589 +176 1450+4.37 42.24 +3.80
Boys 8.26+0.33 1641 £+140 1586+ 4.38" 44.06 + 2.62

Active (n= 24) Girls 8.31+0.36 1711 +192 2200+ 4.77 4120+ 242
Total 8.32+0.79 16.76 +168 18.94 + 547** 42.63 +2.8%6
Boys 8.21+0.60 1542 +203 1569+ 4.83 3550+ 2.01

Sedentary (n= 24) Girls 842+0.59 16.74 +250 1841+6.59 36.94+ 1.31
Total  8.29+0.69 16.08 +233 1690+ 5.86 36.22 +181**

Note: +significant between-gender differences within the same group, *signifi cantly different from Active
and Sedentary groups, **significantly different from Sport Beginners and Trained groups; ***significantly
different from theother groups.

Table 2.
Comparisonsin VO,max consi dering the gender by group interaction
Groups VO max (L/min?)

158+0.37"
125+0.27
1.41 + 0.36*
132+0.24
124+0.15
1.28+0.20
124+0.25
114+0.22
125+0.22
118+0.17
132+0.26
119+0.24

VO,max (mlekgiemin-1)
58.80 +8.98"
4751+568

53.16 +9.34**
49.96+ 785
47.03+524
4890+ 654

48.83+10.46
40.43+643

Boys
Grls
Ovedl
Boys
Grls
Ovedl
Boys
Grls
Ovedl
Boys
Grls
Ovedl

Trained

Sort Beginne's

Active
45.46 + 750
4511+681
4582+ 842
44.63+ 952
Note +si gnificant between-gender differencewithi n the same group, *significant differencefrom
Sedentary group, **significant differencefrom Sedentary and Adi ve groups.

Sedentary

McMurray et d., 2003; Slegp & Tolfrey, 2001). The active group
showed higher vaues of body fat compared to the sport beginnersand
trained groups.

Asdepictedintablel, therewerenot Sgnificant differencesbetween
boysand girlsin the PAL. As expected, the sedentary group wasless
active than the other groups. Post hoc andysis showed no sgnificant
differences between active, sport beginnersand trained groups.

The ANOVA results revealed sgnificant main effects for gender
andgroupsfor relativeand absolute VO, Intable2 are presented means
and standard deviations for agrobic power, in absolute (L/min?) and
reativevaues(mi/kgymin?).

These results showed that trained boys had higher vaues for
absolute and reletive VO, than girls (Table 2). The gender by group
interaction showed that thisdifferenceisbetter explained by thehigher
vauesof thetrained boyswhen compared totrained girls, eventhough
they showed the same amount of daily physica activity levels The
trained group had higher relaive VO, compared to sport beginners,
active and sedentary children. These results suggest thet prepubescent
children that participate in systematized trained programs show better
physiologicd indicatorsfor aerobic fitness. Figures 1 and 2 present the
gender by group interection for absolute and relative VO,

Discussion

Thesampleanayzed washomogenousin growth and thechildren
BMI vaues were considered norma according to previous ressarch
(Cole, Bdlizzi, Hegd, & Dietz, 2000). Thebody fat percentageswere
aso in the levels expected for prepubescent children (Heyward &
Wagner, 2004); however, girls showed higher fat content than boys.
Smilar resultswerefoundinothersstudies(Bdl et d., 2001; McMurray
etd., 2003; Rowlandet d., 2000; Segp & Tolfrey, 2001).Althoughgirls
hed higher body fat %, there were no differences in the quantity of
physica activity performed during the day (PAL).

The amilarity of the results between boys and girls in physicd
activity level wered so showninrecent sudies(Bdl et d., 2001; Segp
& Tolfrey, 2001; Trost et d., 2002). Other research showsthat girlsare
less active than boys of the same agelevel (Boreham, Twisk, Savage,
Cran, & Strain, 1997; Eligkimetd., 2001; Epsteinet d., 2001; Gavarry,
Giacomoni, Bernard, Seymat, & Fdgairette, 2003; Guerraetd., 2002;
Janz et d., 2002, McMurray et d., 2003; Riddoch et d., 2004). Inthis
study, half of thesamplewas comprised by childrenwho areengagedin
regular physica activity which could explainthelack of gender difference
for physica activity level (Mascarenhas et d., 2005).
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Figure 1. Group x gender interacti on for relative aerobic power (* p <0.05 between gender)

The Sedentary group performed less physica activity compared
to the others groups (p < 0.05). There were no differences among the
othersgroups (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
physica activity tasksthat guaranteeasimilar total PAL ; however, the
gport practices are not adignificant iteminthe PAL.

In spite of PAL results, there were differences in overdl VO,
betweenthegroups. Such differencescannot beatributed toafailureof
thetest becauseamaximd effort wasreached a completion. TheANOVA
showed that there were no significant differences in RER following
exercise between groups (p = 0.25) or between genders (p=0.21).

Overdl, the results obtained by the mae subjects were 50.68 +
9.81andfor girls45.43+ 7.03ml*kglmin. Thesevauesaresmilar to
those reported in previous studies on subjects with the same age
characteridtics. For example, McMurray etd. (McMurray et d., 2003),
reported VO, =46.5+ 8.9 ml-kg*-min*for boysand 41.3+ 9.1 ml-kg
Lmintfor girls. Others (Rowland et d., 2000), dso reported Smilar
mean vaues (47.2 + 6.1 ml-kg-mir*for boysand 40.4+ 5.8 for girls
ml-kg-min?). The dightly higher values found in this study can be
result of the samples’ attributes. When anayzing only the Sedentary
andActivegroupsthemean VO, weredightly lower to thosereported
earlier onchildren of thesameage (Beunenet d., 2002; Rowland et d.,
2000).

Incond usion, boysshowed higher aerobic power valuesthangirls.
Therewerenosgnificant between-gender differencesin PAL. According
totheliterature, even at prepubescent age, boyshave significant higher
vauesin aerobic power compared to girls (Docherty, 1996; Guerraet
a., 2002; Janz, Dawson, & Mahoney, 2000; McMurray et d., 2003;
Rowland et d., 2000; Segp & Talfrey, 2001). Wefound Smilar results
onthesamplestudied, with a10.4% difference between boysand girls.
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Figure 2. Group x gender interacti on for absolute aerobicpower (* p < 0.05 between gender)
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