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A meta-analyssontheeffectsof exer dsetrainingontheVO,maxin children

and adolescents
Metaandlissdelosefectosdd entrenamiento en € VO, max en nifiosy adolescentes

Pedro Carazo-Varges & Jos2 Moncada-Jménez
Univerdity of CostaRica

Abstract. The chronic adaptations of the cardiovascular system to exercise training in children and adolescents yield inconclusive results, in spite of
previous meta-analytic evidence. The aim of this meta-analysis was to determine the effectiveness of exercise training on the VO,max of children and
adolescents. The studies meta-analyzed met the following inclusion criteria: @) hedlthy individuas, b) participants between 10 and 18 years old, c) being
trained in some type of supervised exercise program, d) VO,max reported in ml-kg*min®, €) the study reported before and after mean and standard
deviation, f) pre-test post-test research designs, and g) the study was published in a peer-reviewed journa up to February, 2013. Thirty-four studies and
96 effect sizes (ES) were obtained. Compared to controls, experimental groups showed a significant improvement in VO,max (p < 0.01) following
exercise training. The increase in VO, max was maintained regardless of the sample size characteristics and the exercise protocol. Based on the findings
of this study, in order for children and adolescents to improve their VO,max, exercise training should include at least two sessions per week of > 20
minutes duration per session, performed at a moderate intensity. In summary, planned exercise training improves VO,max in children and adolescents.
Key words. VO,max, aerchic power, training, children, adolescents, meta-analysis.

Resumen. Las adaptaciones crénicas del sstema cardiovascular a entrenamiento fisico en nifios y adolescentes arrojan resultados inconcluyentes, a
pesar de previa evidencia meta anditica. El objetivo de este meta-andisis fue determinar |a efectividad de la practica de gjercicio en @ VO,max de los
nifios y adolescentes. Los estudios meta andizados cumplieron los siguientes criterios de inclusién: @) individuos sanos, b) participantes entre 10 y 18
afios de edad, c) entrenados en agun tipo de programa de gjercicio supervisado, d) VO,max reportado en miekgsmin, €) se contara con desviacion
estandar antes y después del experimento, f) disefios de investigacion con pre-test y post-tet, y g) estudio publicado en una revista revisada por pares
hasta febrero de 2013. Se obtuvieron treinta y cuatro estudios y 96 tamarfios del efecto (ES). En comparacion con los controles, 1os grupos
experimentales mostraron una mejora significativa en € VO,max (p < 0.01) después del entrenamiento de gjercicio fisico. El aumento en & VO,max
se mantuvo independientemente de las caracterigticas de tamafio de la muestra'y € protocolo de gercicio. Con base en los hdlazgos de este estudio, a
fin de que los nifios y adolescentes puedan mejorar su VO,méx, € entrenamiento debe incluir por 1o menos dos sesiones por semana > 20 min de duracion

por sesion, redizados a una intensidad moderada. En resumen, € entrenamiento planificado mejora VO,méx en nifios y adolescentes.
Palabras claves. VO, max, potencia aerdbica, entrenamiento, nifios, adolescentes, meta andlisis.

Introduction

Traning programsdesigned toimprovethecardiovascular system
in children and adolescents date from the 70's and 80's (K obayashi et
d., 1978; Mirwdd, Bailey, Cameron, & Rasmussen, 1981). Equivoca
findingswerefound, with mogt of the studies concluding that exercise
training did not producesignificant changesin VO, max beforetheageof
12. These conclusions were subsequently supported by two narrative
reviews of literature (Bar-Or, 1989; Borms, 1986).

However, these previousfindings have been chalenged by recent
sudies (Breil, Weber, Koller, Hoppder, & Vogt, 2010; McMillan,
Helgerud, Macdonald, & Hoff, 2005; Perini et a., 2006), where
significant improvements in VO,max have been found in these age
groups following physicd training. In generd, it is concluded that a
suffident training stimuli must beprovided for asignificant enhancement
of theVO,max in children and adol escentsto occur. In practical terms,
new directions regarding the frequency, intensity and duration of the
exerdseprogramsareneeded.

Meta-anaytic research on the subject was published in the 90's
(LeMura, Von Duwvillard, Carlonas, & Andreacci, 1999; Payne &
Morrow, 1993), dlowing for abetter understanding of the sate of the
knowledgea that time. Thefirgt meta-andysispublished onthesubject
(Payne& Morrow, 1993) included 28 studies, and 70 effect Szes (ES)
were computed from a pooled sample of 420 participants. The mean
VO,max before starting an exercise program was 46.22 ml-kg*-minr
and 48.39 ml-kg*-min? after the training period. The researchers
cond uded that exercisetrainingimproved aerobic power in children by
nearly 5%, with cross-sectiond sudiesproducinglarger ESthanstudies
usng pre-test post-test research designs Nosignificant gender differences
werefound, eventhough themean ESfor girlswasmorethantwice(ES
=0.78+ 0.53) that of boys (ES= 0.32 + 0.91), suggestive of agrester
benefit of exercisetrainingfor girls. Inthismeta-analysisno significant

Fecha recepcion: 30-09-14- Fecha envio revisores: 30-09-14- Fecha de aceptacion: 15-11-14
Pedro Carazo-Vargas
pedro.carazo@ucr.ac.cr

- 184 -

differences were found in exercise programs. These programs were
categorized only as «adequate» or «inadequate» due to a lack of
informationregarding thetraining protocol details. Furthermore, testing
protocol did not moderate the effects of training on VO, max.

Another meta-andysis published in the late 90's (LeMuraet d.,
1999) supported the findings previoudy mentioned. In generd, the
meta-analysis showed higher VO,max in children following exercise
training. Theauthorsincluded 20 studies, dlowing for an estimation of
32 ESfrom 562 participants and found that in children, the VO,max
increased from 47.2 £ 4.3 ml-kg*-min? to 50.1 + 4.6 ml-kg*-min’
following anexercisetraining program (incresse = 5.8%). Sudieswhere
acontrol group was used showed sgnificantly larger ES than sudies
using repested measuresdesigns(i.e, theparticipant asitsown control)
(ES=11+0.1vs ES=032 % 0.2, repectively). Also, children
betweentheagesof 11 and 13reported Sgnificantly larger improvements
inVO,max (ES= 1.1 0.7) than children between 8 and 10 yearsold
(ES=0.47£0.4). Nosgnificant differenceswerefound between males
(ES=0.64+0.6) andfemdes(ES=1.0+ 0.6), or betweentreadmill (ES
=0.75+0.7) and cycleergometer (ES=0.94+ 0.7) testing modalities.

Theauthorswereunableto extract information fromthearticlesto
fully characterizetheexerciseprotocol (LeMuraet d., 1999). Exercise
programs were categorized as having «adequate» (i.e., aminimum of
three sessions per week for Six weeksat anintengity equal to or greater
70% maximal heart rate) or «inadequate» training based on
recommendationsfrom professona organizations(American College
of Sports Medicine, 1995). Statistical analysis showed that an
appropriatetraining (ES= 1.2+ 0.5) improved VO, max morethan an
inadeguatetraining (ES=0.3+0.2).

Themeta-anaytic evidence suggests adirect association between
children'sageand VO, max resuitingfromexercisetraining. ltasoshows
that maleand femdesbenefit amilarly fromther participationinexercise
training programs, withatrend towardslarger improvementsinfemaes
comparedtomaes However, thisfinding must becautioudy interpreted
snce only few studies with fema e groups were andyzed and grester
benefits are expected due to their initid lower fitness level. A proper
exercise prescription iscritical to enhance VO, max, sinceinsufficient
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stimuli generated much smaller ES; however, thelimited description of
the training programs reported in the studies included in these meta-
anadlysesprecludesfrom drawing definite conclusions.
Althoughthemeta-analytical evidence(LeMuraetd., 1999; Payne
& Morrow, 1993) support thefact that chil dren and adol escents benefit
from properly designed exercise training programs, the magnitude of
thisresponse must be evaluated in terms of the variablesthat might be
moderating the effect. Therefore, the purpose of the study was to
determinetheeffect of exercisetraining ontheVO,max of childrenand
adolescentsand to detect relevant moderator varigbles.

Methods

Search Srategy

A systematic seerchwas conducted of Academic Search Complete,
Educational Resource Information Center (ERIC), MEDLINE,
SPORTDiscus, Artsand Humanities Citation Index, Physicd Education
Index, Science Citation Index Expanded, Socid SciencesCitation Index,
and the Spanish database Didnet for the period October, 2012 until
February, 2013. Thesearch strategy included amix of subject headings
and free text terms for the key words aerobic, endurance, exercise,
training, children, teenagers, adolescents, adolescence, VO,, VO, max,
aerobic power, and their combination. Referenceligs of articlesfound
werescrutinized for new references. Nolanguagelimitswereimposed.

Incluson Criteria

The incluson criteria for this meta-analys's were as follows a)
hedthy individuds, b) participants between 10 and 18 years dld, ©)
beingtrainedinsometypeof supervised exerciseprogram, d) VO, max
reported in ml-kg*-min?, €) the study reported before and after mean
and stlandard deviation, f) pre-test post-test research designs, and g) the
study was published in a peer-reviewed journa up to February, 2013.
Any sudies not meeting these criteriawere excluded.

Variable Coding

Moderator variables that might influence the effect of exercise
trainingonVO,max in children and adolescentsweredividedintofour
categories a) generd characterigticsof thestudy, b) generd information
about participants, ¢) exercise program characterigtics, and d) testing
moddities(Table1).

Satidtical Analysis

All meta-andyseswere performed using the Statistical Packagefor
the Socid Sciences (SPSS), version 20.0. The outcome meesure was
VO, mex. Destriptivedataarereported asthemean SD unlessotherwise
noted. Effect sizes (ES) for each study group were caculaed by
subtrecting the pre-test vaue from the post-test vaue for both, the
experimenta and control groups (Thomas & French, 1986). ESwere
corrected to avoid estimate overestimation due to different sample
sizesand study bias(Thomas& French, 1986). Therdative weight of

Tablel.
Moderator variablesincluded in the study.

Trueexperimentd
Quasi-experi menta
Pre-experi menta
Male

Characteristics of the sudy Research design

Gender Female
Characteri stics of the sample Mixed
Age
Type of participant ﬁg::—e}:hlee
Jogging
Resi stance trairing
Soccer
Type of activity Cyding
Sky
Other
) - L Control
Exerd setraining char ader istics Low
Intensity Moderate
High
Not reported
Frequency (sessons week)
Session duration (minutes)
Program length (weeks)
Cyde ergometer
Test charaderistics M odeof testing Treadmill

20-minterval running
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the ES was estimated for each moderator variable, and the sandard
error and themeta-analytic z-test was cd culated for each category ona
Microsoft Excel spreadsheet (Thomas & French, 1986). Stetidtical
heterogeneity among the studieswas assessed using Cochran’s Q test.
Differencesbetween categorieswere determined by on-way andyssof
variance (ANOVA), followed by Tukey's post hoc comparisons.
Pearson product-moment correlations were used to test associations
between continuousvariables. Inthisstudy, ESmagnitudewasconsdered
smdl (ES < 0.40), moderate (ES 0.41 to 0.70), and large (ES > 0.71)
based on previousliterature (Thomas, Sdazar, & Landers, 1991).

Reaults

Thirty-four sudieswereincluded inthemeta-anadlyss, and 96 ES
were computed from 2113 participants. Cochran’s Q showed
heterogeneity among ES(Q=149.17, p< 0.01); therefore, themoderator
variables were scrutinized. One-way ANOVA showed no significant
differencesbetween true, quas-, and pre-experimentd resserch designs
onthemeanVO,max ES(F=1.016, p=0.369). SinceESweresimilar
between ressarch designs (Table 2), we pooled the ES from al the
studiesfor further andyds.

Subjects participating in exercise training programs sgnificantly
improvedtheir VO, max (ES=0.47+ 056, =2.89, p< 0.05) compared
to their control counterparts (ES=0.05+ 0.31, z= 0.25, p> 0.05).

Oneway ANOVA for exercisetraining cheracteritticsasamoderator
variable showed significant differences between thetypes of activities
(F=5.596, p<0.0001). Tukey'spost hoc andyssreveded differences
(p<0.05) between control groupsand running and other agrobicactivities
(eg., danding, dimbingdairs, practicing taekwondo or combined aerobic
andresstanceexercise) (Figurel).

Table2.
Effect s zeaccor ding to the research design.
ES +SD n F p= z
Research desgn 1.016 0.369
Trueexperimental 0.40 0.59 39 5.36%
Quasi-experimental 0.58 0.50 16 5.03*
Pre-expeimenta 0.71 042 5 4.24*
* z difgent 0, p< 0.05
Teble3.
Characterigtics of the sanple.
ES +D n F r p= z
Gender 0.732 0.486
Male 0.54 0.63 26 577
Female 049 0.50 18 4.05%
Mixed groups 033 051 17 4.10¢
Age(years) 045 0.55 58 0.14 0.152 776"
Typeof participant 0.448 0.508
Athlete 0.60 0.42 13 447
Non-athlete 041 0.34 21 4.72*
* zdiferent0, p<0.05
Table4.
Charad eristics of theexerd setraining i nterventions.
ES +SD n F r p= z
Intensity 0.216 0.885
High 051 0.41 24 6.67*
Moeae 037 0.38 12 3.42*
Low 0.39 1.04 2 126
Not reported 051 0.74 22 7.08%
Frequency (sessi onsiweek) 044 0.56 54 012 0.409 7.26*
Session dur ati on (min) 048 051 40 011 0.496 7.64*
Program length (weeks) 048 0.56 60 ©0.10 0.442 8.06*
* z difgent 0, p< 0.05
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Fgure 1. Effect size (ES) magnitude of thetraining interventions on theVO,max i n children and adolescents.
a<b,p<0.05
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One-way ANOVA for the sample characteristics as a moderator
variable showed no sgnificant differences for gender (F=0.732, p=
0.486), age (r = 0.14, p= 0.152) and type of participant (F = 0.448, p
= 0.508). In generd, dl participants improved their VO,max when
participatinginan exercisetraining program (Table 3).

One-way ANOVA for the characteristics of the exercise training
interventionsasamoderator variableshowed no Sgnificant differences
for exercise intengity (F = 0.216, p = 0.885), weekly frequency (r =
0.12, p=0.409), session duration (r = 0.11, p = 0.496), and program
length (r =-0.10, p = 0.442) (Teble 4).

One-way ANOVA for VO max testing characteristicsasamoderator
variableshowed sgnificant differencesbetween cycleergometer (ES=
0.50+0.57,z=5.82, p< 0.05) and treedmill (ES=0.49+ 0.63,2=4.70,
p < 0.05) compared to 20-m interva running (ES=0.25+ 012, p>
0.05).

Discussion

Theamof thestudy wasto determinetheeffect of exercisetraining
on the VO;max of children and adolescents and to detect relevant
moderator variables. Themainfinding of thisstudy wasaconfirmation
of the human body’s ability to chronically adapt to exercise training,
leading to an improvement in the aerobic power (i.e., VO,max) from
childhood to adolescence. A moderate ES was found for VOmax
regardlessof thesampleandtraining program characteridtics Theincreese
iN6.53%inVO,max resLiiting fromexercisetraining foundinthepresent
study is a the higher range of the 5% to 6.14% reported in previous
meta-analyses (LeMuraet d., 1999; Payne & Morrow, 1993) (Figure
2.
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B 47
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Pavae etal, (1993} Lemura ¢t al. (1999 Present stuly

Figure2. Change in VO,max (ml kgt-minl)in children and adolescents fol lowing exerci setraining.

No sgnificant gender differencesin VO2max following training
werefoundinthisgudy. Others(LeMuraet d., 1999; Payne& Morrow,
1993) suggested thet females might benefit more than maes from an
exerciseprogram. However, withthesmilar number of EScomputedin
the present study that trend is no longer supported.

We found improvementsin VO,max in children and adolescents
from 10to 18 yearsby incressing theagerange. Others(LeMuraet d.,
1999; Payne & Morrow, 1993) reported ES differences by age group;
however, these authors only included participants with alimited age
range(i.e, 8to10and 11to 13yrs). Inagreement with previousreports
(Baguet, van Praagh, & Berthoin, 2003), nosgnificant ESdifferencesin
the VO,max were found between athletesand non-athletes.

Inthisstudy, Smilar ESwerefoundfor moderator variablesexercise
frequency, duration and the training program length. In opposition,
others(Armstrong, Barrett, & Welsman, 2007), suggested aminimum
of threeto four sessionsper week, for 40-60 mir/session, for et least 12
weeksto obtain aerobic power benefits. Our evidence suggeststhat an
exerciseprogram characterigticisnot astrong moderator for theeffects
on VO, max. We found thet at least two exercise sessionsiweek of a
minimum of 20 min/sesson, executed a a moderate intengity for a
least 11 days, provide significant benefitsto children and adolescents.
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Exercise intendty is a key dement in atraining program. This
featureisdifficult to meta-anayze since someauthorsdo not report the
training intendity used in their sudies. Another limitation is that for
thoseauthorsreporting exerciseintensties, maxima heart rate(HRmax)
and VO,max percentage were used interchangegbly. In the present
Sudy we categorized thehighintensity exerciseas80-100%, moderate
intensity as 60-79%, and low intendity as > 59%%.

We found that amoderate exercise intensity of (e-g., ~60% of an
individual’s HRmax) provided enough stimuli for a VO,max
improvement. Thiscontrastspreviousfindings(Armgronget d., 2007,
Baguet et d., 2003), suggesting ahigher exerciseintensity (e.g., > 80%
HRmax) necessary to achieve aerobic power bendfits.

There were changes in the initid characterigtics of the exercise
protocol in severd sudies. Thisisan expected finding thet followsthe
principleof exercise progression, which satestheneed of adjudtingthe
work |oad for optimd results; however, modifyingtheorigind protocol
(and not reporting it) precludesfrom studying acause-effect associaion
and potentid physologica mechanisms responsible for the observed
outcomes. A methodol ogically sound suggestionfor futurestudieswould
betotest participantsinal dependent variablesany timeachangeinthe
programwork load isdone.

In this study, 20-m interval running tests did not result in ES
statistically different from zero. Although this test is easier to
adminigrate and is inexpensive compared to laboratory equipment
such as cycle ergometers, metabolic carts and treadmiills, the vdidity
and rdligbility of dataderived fromthisfieldtestisnot dwaysreported
or known. Therefore, in order to obtain valid and reisble VO, max
edimates, direct measurement of aerobic power must be used when
Sudyingtheeffectsof exerciseinterventionsin childrenand adolescents.
Weagread with others(Payne& Morrow, 1993), whofoundsmilar ES
when participantswere tested in treadmill and cycle ergometers.

Undoubtfully, the children and adolescent’s ability to improve
their aerobic capacity by exercisetraining is demongtrated. Empiricd
evidence suggests smilar benefits regardless of the characterigtics of
exerciseprogram; however, further experimentd ressarchisneeded that
address proper and quantifiable exercise frequency, intendty and
duration.

Incondusion, inorder for childrenand adol escentstoimprovetheir
VO,max, exercise training should include &t least two sessions per
week, for > 20 minutes duration per session, performed at amoderate
intensity.
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