Available online at www.pelagiaresearchlibrary.com

o Oy

~5_R|_ Pelagia Research Library

A —

European Journal of Experimental Biology, 2013, 3(286-93

Library

ISSN: 2248 -9215
CODEN (USA): EJEBAU

Effect of growth level on changing pattern of cardo—respiratory fitness index
(Vo2 peak) in 8 to 14 year old non-athletic girls

Attari. Elham *, Nobakht Ramezani. Zahrd and Sadeghi. Nahid

'Department of Physical Education, Qazvin Branch, Islamic Azad University, Qazvin, Iran
Department of Physical Education, Parand Branch, Islamic Azad University, Parand, Iran

ABSTRACT

Cardiovascular respiratory endurance linearly increases since childhood and reaches its jJumping point in puberty.
Maximal oxygen consumption is an index of efficiency measurement for oxygen transmission system. Children and
adolescents with equal chronological age have different growth levels. This biological parameter affects behavior of
sex hormones, climatic conditions, genetic mutations and body composition (allometric equations related to body
size). Hence, it is very important to consider growth level of puberty while drawing physico-motor fithess norms or
processes of sports talent programs. Seven hundred 8 to 14 year old girl students in seven age groups were
classified to three growth levels of normal, early or late. Anthropometric parameters and maximal oxygen cost were
measured. In terms of anthropometric factors of height, weight and body mass index at various ages and different
growth levels, no statistically significant difference was found (p>0.05). A significant difference was observed
between three growth levels according to Vo2 peak body weight at age of 9 (p <0.05) and no significant difference
was found at other ages. Maximal oxygen consumption tended to increase and decrease proportional to growth level
in 8 to 14 year old girlsin terms of absolute and relative values, respectively.
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INTRODUCTION

Physical performance is associated with developnamt growth. Also, knowledge of natural processés o
development and growth is important for assessimj inderstanding role of physical activity andiftgoact on
these processes [12]. Children and adolescentsnadéferent growth conditions which affect fithess$ their
physiological organisms proportional to growth levignis point is often neglected by domestic reskears because
cardiovascular respiratory endurance is among imiment factors of physical fitness which is rethto health.

Cardiovascular respiratory endurance is the abdftyardiovascular and respiratory systems to sufyel and
oxygen and is the ability of active muscles forimail use of substrate during process of oxidatibilevexercising,
which occurs below the lactate threshold, so thaaaly person can continue his/her activities elatively long
term without imposing excessive mechanical-phygimal stress on his/her organism [12]. Maximal yg
consumption (VGh,y is an index for aerobic fitness measurement whidetermined by absolute (I per min) and
relative (ml oxygen proportional to componentsatht weight, pure mass, height and body surfaca) aeales.

86
Pelagia Research Library



Attari. Elham et al Euro. J. Exp. Bio., 2013, 3(2):86-93

Cross-sectional and broad V£, studies on non-grown people have indicated proyesscrease in its absolute
value with their age increase. This pattern haswaes rate for girls. With increased age, meanhfodute aerobic
capacity linearly increases, which is higher in$ay all ages than their peer girls. The effeajefder differences
on VO,axChanges is small and its increase is equal ugeilod 12 years old. But after 12 years old,,yQmean of
girls becomes plateau-like while it continues tor@ase in boys so that, at age of 16, gender diftars of VQax
between these two genders exceeds 50%, even ab$tuit., Of girls tends to decrease from 15-18 to 20-23g/ea
old [2].

When VQnaxis determined in terms of relative value of bodight, it decreases in boys from 59 ml/kg/min at 15
18 years old to 54 ml/kg/min at 20-23 years ol thhysiological parameter in 12-13 year old gidduces from 51
to 41 ml/kg/min in those aged 20-30. Differencedofly composition somehow describe these gendfarelifces
in weight-dependent VQ . because boys have higher lean body mass (LBM)dhrm even before puberty [2].

Growth or biological maturity is defined as the g@es of growing up or progress of the organismréwth and
development status. Non-grown people consideraiffigrdrom each other in their speed of growth. Bgical and
growth development of children and adolescents doégontinue proportional to their chronologicgeaThere is
dispersion in biological age or growth level ofrawgp of same-gender children with the same chraicéb age so
that some children may be more progressive in avtir@spect than their chronological age and sorherstmay
have delayed growth. Scientific evidence reveadt growth affects factors of strength and muscataturance,
aerobic capacity and anaerobic power [3].

Biological maturity is a determining and promineagent of physiological responses to physical agtigind
exercises. Anatomical and physiological change®orghnisms are involved in biological puberty. Eaifhthe
progressive structural or functional changes isralicator for measuring biological maturity but tpattern of
growth curves can be also different for anatomarad physiological variables. Growth or biologicahtority is
determined by morphological, gender, skeletal amwtal techniques. In dental age method, the parteath are
measured at two levels of six months to three meotth and six to thirteen years old. In other woddsldren with
early puberty have early teeth [9].

Several studies have been conducted on maximabiaepower in boy and girl children and adolescelst
example, maximal oxygen consumption of late-pubegitys has been significantly more than other glowt
conditions [1]. Cross-sectional studies by Bouchd@&770) and Holtman and Ruten Franze (1982) shdhetdate-
puberty boys and girls had more ¥ than early-puberty boys and girls at the same ldigher percentage of fat
in early-puberty group shows higher body weighthiem and this change in body composition imposesssive
load on oxygen transmission system and makes tightyeroportional maximal oxygen consumption of thte-
puberty group higher than that of their early-ptypgreers. Furthermore, lower level of cardiovasctitmess in
early-puberty group may depend on decreased ldvphysical activity, laziness and more fat massulténg in
metabolic syndromes or complications. However, hlbsosalues of maximal oxygen consumption in egiyperty
boys and girls have been reported more than thesrduberty peers and these differences graduiaypdear at the
end of maturation process [2].

Also, Malina et al. (2004) studied broad relatidpsbf VO,.x and growth level in boy and girl students. The
participants were separated to three groups of labemal and early puberty. Girls' age of maturativas
determined based on the beginning of menstruabgeh boys, absolute ViQ,, with early puberty was higher in
all exercises. The girls with early and normal ptyobad higher absolute VW, than their peers with late puberty.
These findings suggested that the time patterrvaludon of aerobic fithess during puberty corresg® to puberty
[12].

Therefore, measuring children's performance, eapigaihile exercising, should be done based orr theiwth as
well as their chronological age and negligencehif point could lead to the imbalance between déifiab and

physiological abilities relating to their growth i doing physical activity. Most scientific obsations have
emphasized dependence of growth changes and physitaw fitness factors during adolescence and hewealed
that this difference is slight or disappears in I#e adolescence. So, it is necessary to cons@®ponents of
growth or biological age in adolescents while meaguphysical fithess talents and capabilitiesthiis regard, few
studies have been conducted on the role and effegtowth on maximal oxygen consumption; thus, pinesent
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investigation included growth age levels from 81 years in a reasonable sample size because gheshi
difference between chronological age and growtkllean be observed in this age range.

MATERIALS AND METHODS

This study was an analytical-comparative one witB factorial designs. 700 girl students aged 8 4oygars old
were selected from elementary and secondary sclodaly of Qazvin using screening method. The ipgorants’
chronological age was separated to 7 levels and age group was divided to three groups of eadym@l and late
puberty based on growth level. Coordinate of deatsihg techniques was taught to the research bgndisd
specialist using a model and three participants fggowth stages of permanent teeth on lower anérjows [9].
Then, the people were classified in three growttelle of normal, early and late. Variables of anplmetry and
aerobic capacity of the groups were compared byviap ANOVA. The advantage of this study was in gpm
dental age for determining growth level. In thigard, Glutay et al. reported high correlation beweental age
and criterion method (skeletal age) [4].

Kolmogorov-Smirnov test and Lone test were useddetermining normal distribution of data and meigur
variance homogeneity of three groups to apply patammultivariate test, respectively. To assesapaters of
body composition and maximal oxygen consumptiotthigse three groups, multivariate analysis of vasaand
LSD post hoc tests were used. Then, height, weaght body mass index were calculated by standartiodst
Aerobic capacity (min/ml/kg) was estimated accogdia field test of Curetone [7]. In one mile comdtaunning,
the participant was asked to choose either slowingnor walking any time s/he felt helpless durthg maximal
activity. Maximal oxygen consumption was calculagsgtording to Curetone's prediction curved equaétiar
recording components of runtime, age, gender adg bwass index.

RESULTS

First, descriptive statistics including mean, stadddeviation and prediction errors were determiinegige groups
of 8 to 14 years old and changes of these factane wpecified in the mentioned age range. Tabl&éadwvs
anthropometric characteristics of eight year olougr Then, the profile of absolute and relative,yfchanges of
girls was investigated at three growth levels (€abl

Table (1): Anthropometric characteristics of 8 yearold girls

Stagzt:(i:;tillendex Mean | SD SEE Min Max | Range
Weight (kg) 2832 | 75| 0.77 20 55 35
Height(cm) 129 | 0.06] 0.006 0.15 1.44 0.34
BMI(kg/m?) 16.6 | 296| 0.303 1240 26.19 13.19
Dental age 7.78 | 0.93] 0.09 6 10 4
Chronological a¢ 8 0 0 8 8 0

Statistical analysis of the data showed that weddlihe participants from 8 to 14 years increasg@®.64 kg and
the maximum rate of change was from 10 to 11 yektsas +4.95 kg. But, at age of 12, no significdifterence
was observed in three growth levels of the ageeangccording to multivariate ANOVA, body weight b4 year
old late-puberty participants was less than thdt2ofear old group with normal puberty (p<0.05).

Height of 8 to 14 year old girls increased by 30amd, similar to weight, the maximum change wa$0dfl1l year
old as +6 cm. Nevertheless, changes of height wetesignificant in each age group at three growtrels (p>
0.05). Also, mean height of 11 year old group witlimal puberty was less than that of 14 year otdigmwith late
puberty whereas there was no significant differdmeteveen 11 year old group and each of the othegeaups (p>
0.05). Figure (1) shows the process of height caarfigr 8 to 11 year old girls (Figure 1).
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Figure (1): the process of height changes for 8 tl year old girls at three growth levels
And Figure (2) shows process of height change8 tor14 year old girls at three growth levels.

As can be seen, body mass index was still incrgdsim 8 to 14 years old and the maximum changeokasrved
from 8 to 9 years old which was equivalent to k@6n2 (Figure 2).
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Figure (2): Process of height changes for 8 to 14ar old girls at three growth levels

Investigation of change pattern of Y in equal age groups and different growth levelgwsdd that the only
difference was in the 9 year old group at threeepiyblevels; i.e. V@ (Ml/kg/min) of 9 year old girls with late
puberty was significantly higher than their earlybprty peers (Figure 3).
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Figure (3): Process of VGQnax changes of 8-11 year old girls at three growth lels

Aerobic capacity of other age groups was not siedity significant at different growth levels. kigg (4)
demonstrates process of ¥t changes in 8-14 year old girls without intervengmgwth level (Figure 4).
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Figure (4): General changing process of maximal ogen consumption in 8-14 year old girls in terms afelative values

Scientific evidence has shown that, with increasage, maximal oxygen consumption tends to decreased on
weight in different races. But, the results of thisdy revealed that, in 13 year old late-pubergug, aerobic
capacity was significantly lower than that in 8 yedd group with normal and early puberty whilestimiattern of
VO,max changes was not considerable at other ages,¥0f 13 year old group was expected to be eviddatg
than that of 9, 10, 11 and 12 year old girls. O tther hand, V&hax of 10 year old group was not significantly
different at all three growth levels from that 618 year old group at three growth levels (p> 0.@830, VO,,ax Of
12 year old late-puberty group was only signifitanifferent from 8 year old late-puberty group.

Investigating the Findings:
Studies have shown that pattern of height and weilghnges has rapid growth in juvenility, is relaty uniform in
middle childhood, has a jump in adolescence and thigdly increases until reaching adulthood heighit weight
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factor is constantly changing during lifetime dwe d@ndogenous and exogenous interventions. Althooigial
weight increase is higher in adolescent girls s they are heavier than their peer boys, boys paéesdence from
their peer girls at the developmental jumping poltitis process overlaps throughout youth developah@eriod of
both genders which is usually evident in girls tyears earlier than boys. Height growth of girls ®atl 16 years
old; but, it continues in boys until 18. Nevertlegheight increase of some boys continues untiB22ly mass
index (BMI) is commonly used based on 5 to 95 patiteeranks for children and adolescents. This independs
on total body fat and is used for analyzing height weight proportion during the development prscasd
prescribing diet in epidemiology and clinical stesli In addition, this index provides the possipibf measuring
body composition in order to diagnose excessivegktedr obesity in children, particularly from therppective of
investigating risk factors for metabolic syndronmel @ sedentary lifestyle (hypo kinetic diseases).[1

Increased fat mass in girls occurs faster tharr theer boys and this pattern is continuously obwithroughout
adolescence. Boys experience uniform body fat rmads8-15 years old or in adolescence jump periodevthis
parameter in girls is almost 1.5 times of that@ydin late adolescence and early adulthood. Rioheose fat mass
in girls is like excessive mechanical load whickeetfs efficiency reduction of cardiovascular reafry system
while doing submaximal and exhaustive activitie$][1

In Shatlous's study, early-puberty boys and gidd teller height and heavier weight compared tar theers at

normal and late-puberty levels. In the presentystuatight variable had the highest increase frontdlQ1 years
old, which was in line with Tanner's study on Esfglchildren [3]. In this study, the largest inceea$ girls’ height

was from 8 to 9 and from 11 to 12 years old andrgiic evidence showed that girls reached the ésgtheight

from 11.5 to 12 years old. Development of initigight gradually stopped at about 14 years old &uthe end of
16, it significantly increased again [5]. In theepent study, the greatest increase in girls' heigistobserved from 8
to 9 and from 11 to 12 years old. In anthropomedticdies, body density is evaluated proportionabady size.

Scientific evidence has reported mean fat dengityuman body at conventional temperature usingdyiopethod

as 0.9+0.00068 kg/L. However, density of fat freassn(FFM) depends on relative amounts of watetgprand

minerals (without glycogen stores). Many studiegeh@ported that FFM density range of 2 to 18 ydadboys and

girls is 1.0715-1.099 kg/L which is 1.10 kg/L inudithood without illness syndrome [12, 6].

As mentioned before, biological process of develeptrand growth leads to structural and functiorenges in
living organisms. Some researchers consider applyoordinates of allometric equations (Yafor calculating
the confounding role of puberty (despite uncontlgrowth level) (6, 15, 13) because this matheraktnethod
enables optimal prediction of parameters of oxygest, respiratory capacities, running glycoltic powvariables
Y) based on anthropometric changes in weight, leiglre mass and body surface area (parametersing a
given index [15].

Previous studies on different species of mammails weight range of 0.07 to 500 kg have reported sizb index
as 0.87 for girl and boy endurance athletes as 1 0.61, respectively, and for non-grown boy gittinon-
athletics, allometric equation's index size of 0.A&nce, authors sometimes prefer to calculatelhils aerobic
i:apaciity proportional to body weight changes inkgi’”>min  scale compared to relative adult scale of ml.kg
.min~ [15].

In this study, VQmax as measurement index of aerobic capacity in ¢inlgkg/min) had a descending trend from 8
to 14 years old (Figure 4). This decline was prdpatue to increased body size and dimensions, which
corresponded to Kluvsen's (1985) and Fomon's (2@&&8arch on 11 to 14 year old children's aercdypacity.

The review of Mirold Bailie from four previous stied indicated reduced aerobic capacity of childBjnIn this
study, changes in aerobic capacity at differenélewf puberty were significantly different at targrowth levels
only in 9 year old girls. In contrast, Kamper etrakasured aerobic capacity of 102 male and 13aléestudents
on a treadmill with increasing slope until 50% ammhstant speed of 8 km/h within six min using restpry gas
analysis. Based on Tanner's method, girls withygauberty had relatively lower VQ., than peer boys due to
being taller and heavier [10]. On the other han@,Mx depended on factors of height, fat free mass amty b
surface area in the process of development. Btangity of this relationship with fat free mass a&en reported
more than 2 other factors [11].
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It should be noted that, regarding allometric ietad, cardiac-respiratory performance is more eelab size, body
weight and degree of maturity than chronologica.agthough in this study, size of index b was calculated in
allometric prediction equation, results of the présstudy revealed that maximum oxygen consumptias

statistically significant only for the 9 year oldogp at different growth levels.

CONCLUSION

VO,max Change pattern (ml/kg/min) of 8 to 14 year oldsgtended to reduce in the process of growth. Butas
only remarkable for 9 year old group with early datd puberty. Nevertheless, process of aerobiaaggpchanges
in the studied (Iranian) girls with the biologiaakturity intervention was in line with ViQ., pattern of European
girls (Figure 5) [8, 15, and 14
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Figure (5): VOzmax changes from 4 longitudinal studies

Change trend of aerobic capacity in 12 year oldigr@quivalent to physio-metabolic events of gropshiod) was
expected to be much faster than that of 9, 10 ahd/gar old groups; but, their sy, difference was not
significant. According to these findings, it apmedhat physical education and sports trainers shoohsider
interaction of biological maturity and physical fsgmance in girls because ignoring biological pheeaon is
likely to show inefficiency of the trainers' undensding in evaluation of athletic talent programsiawing motor
ability levels in adolescence. Finally, in the ligif these findings, it is recommended to invedggefficiency of

allometric equations (with emphasis on index b)eblasn oxygen cost during standard submaximal #&gtamnd

anthropometric confounding at growth levels of 84oyear old girls.
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