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TRACKING OF CARDIORESPIRATORY FITNESS
FROM CHILDHOOD TO EARLY ADOLESCENCE:
MODERATION EFFECT OF SOMATIC MATURATION

Iracking da apfiddo cardiorrespiratoria da infGncia para a
adolescéncia: moderacdo pela maturacdo biologica
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ABSTRACT

Objective: To evaluate cardiorespiratory fitness’ tracking from
childhood to adolescence, as well as to test the moderation role
of somatic maturation.

Methods: Our sample was composed by 375 children (197 boys),
with a baseline age between 7 and 10 years old. The children
were followed-up over three years. Body mass and stature
were measured as anthropometric indicators and were
used to estimate maturity status through Moore’s method.
Cardiorespiratory fitness was evaluated through 9-minute
running test. Body adiposity was estimated through the
subcutaneous skinfold method, with measures of triceps and
subscapular skinfolds and used as a covariate. Sample was
categorized into tertiles. Thereafter, the Kappa (k) coefficient
and Lin's concordance correlation coefficient (LCCC) tests were
adopted to verify stability. Dummy variable in regression was
used to test moderation effects. All analyses were conducted
in Stata 14.0, adopting p<0.05.

Results: Cardiorespiratory fitness presented a moderate
to low tracking from childhood to adolescence (k=0.294;
LCCC=0.458). Moreover, maturity status significantly moderated
the association between cardiorespiratory fitness at childhood
and adolescence (regardless of cohort and body adiposity)
among boys (=0.644; p=0.003) and role sample (B=0.184;
p=0.020), but not girls (-0.217; p=0.413).

RESUMO

, Manuel Jodo Coelho-e-Sivac @, Enio Ricardo Vaz Rongue®

Objetivo: Avaliar o tracking da aptidao cardiorrespiratéria da
infancia a adolescéncia, bem como testar a via de moderagdo
pela maturacdo somadtica.

Métodos: A amostra foi composta de 375 criancas (197 meninos),
com idades entre 7 e 10 anos na linha de base. Os sujeitos
foram acompanhados por trés anos. Massa corporal e estatura
foram mensuradas como indicadores antropométricos e usadas
para estimar a maturacao somatica pelo método de Moore.
Aptiddo cardiorrespiratéria foi avaliada pelo teste de 9 minutos
de corrida. Adiposidade corporal foi estimada pelo método
de dobras subcutaneas, com medidas das dobras tricipital e
subescapular, além de ter sido utilizada como covaridvel. Aamostra
foi categorizada em tercis, e entdo o coeficiente Kappa (k) e o
coeficiente de correlacdo de concordancia de Lin (LCCC) foram
adotados para verificar estabilidade. Foram criadas varidveis dummy
nas regressodes para estimar o efeito de moderacdo. Todas as
andlises foram conduzidas no Stata 14.0, adotando p<0,05.
Resultados: A aptidao cardiorrespiratéria apresentou trackingbaixo
amoderado dainfancia para a adolescéncia (k=0,294; LCCC=0,458).
Além disso, o status de maturacdo moderou significativamente
a associacdo entre aptiddo cardiorrespiratéria na infancia e
adolescéncia (independentemente da coorte e adiposidade)
em meninos (B=0,644; p<0,003) e na amostra total (8=0,184;
p<0,020), mas ndo em meninas (-0,217; p=0,413).
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Conclusions: Tracking of cardiorespiratory fitness from
childhood to adolescence is moderate to low in both sexes.
Moreover, maturity status moderated the relationship between
cardiorespiratory fitness at baseline and in adolescence. A
lower age at peak height velocity was associated to a greater
cardiorespiratory fitness.

Keywords: Puberty; Physical fitness; Sexual maturation; Motor
activity; Youth.

INTRODUCTION

Cardiorespiratory fitness, defined as the overall capacity of the
cardiovascular and pulmonary systems to transport and use oxy-
gen during exercise (aerobic capacity), is an important compo-
nent of physical fitness and is recognized as a protection fac-
tor for chronic diseases and all-cause mortality."® Even during
childhood and adolescence, higher levels of cardiorespiratory
fitness are inversely associated with metabolic risk, regardless
of physical activity practice.? In addition, cardiorespiratory fit-
ness mediates the relationship between obesity and metabolic
risk in the transition between childhood and adolescence.’
However, considering that cardiorespiratory fitness is a com-
plex result of hereditary and environmental predictors,® com-
prehension of possible mechanisms for its maintenance from
childhood to adolescence should support interventions for
health promotion from early ages.

Among the modifiable factors associated with cardiore-
spiratory fitness, interventions with physical exercise have
been the main strategy, aimed at maintenance and devel-
opment. However, especially during adolescence, growth
and maturation processes exert an important influence on
different components of physical fitness.” For example, even
controlling for physical activity, tracking of physical fitness
seems to be low® and it is possible that there is a “trigger
point” for the development of cardiorespiratory fitness, as
well as other physical fitness domains, that often occurs
during puberty.’ Still, the most consistent evidence points
to a pubertal effect on cardiorespiratory fitness, especially
among boys,'® in which increases in lean body mass, are
observed following maturation of ventricular, arterial, and
lung functions, improving cardiorespiratory fitness. On the
other hand, although girls also present improvements in car-
diovascular function during puberty, one of the main effects
of the maturation process (female sexual hormones) is an
increase in relative body fat mass, impacting on performance
in tests that demand body displacement.” Therefore, even
the association between biological maturation and aerobic

fitness being well stablished in cross-sectional studies,'®!!

Conclusoes: O trackingda aptidao cardiorrespiratéria dainfancia
a adolescéncia é baixo a moderado em ambos os sexos. Ainda,
o estado maturacional moderou a associacdo entre aptidao
cardiorrespiratéria na infancia e adolescéncia. Menor idade do
pico de velocidade de crescimento foi associada a maior aptidao
cardiorrespiratéria.

Palavras-chave: Puberdade; Aptidao fisica; Maturidade sexual;
Atividade motora; Adolescente.

evidence of the association how biological maturation can
influence aerobic fitness from childhood to adolescence is
not clear, especially among girls.

In this sense, biological maturation could affect or even
moderate the relationship between cardiorespiratory fitness in
childhood and adolescence. Thus, our aim was to evaluate car-
diorespiratory fitness from childhood to adolescence, as well as
to test the moderation role of somatic maturation. The initial
hypothesis of this study was that tracking of cardiorespiratory
fitness could be influenced by maturational status in opposite

senses in boys and gitls.

METHOD

This was a longitudinal mixed study with four birth years of
cohorts (1992, 1993, 1994, and 1995). Aged between 7 and 10
years old at baseline, participants were followed-up over three
years. The local ethics committee, according to the declaration
of Helsinki, approved all procedures. More information about
the methods and sampling can be found in the baseline study,
which was published previously.'?

The data were collected from a private school in the down-
town of a city in Brazil, in which students have high socioeco-
nomic conditions,' to attend the sampling criteria (simple
random sampling, adopting: 0=95%, statistical power=80%,
and error of 5%).!2 Inclusion criteria were:

*  Being enrolled in the school.

*  Being the established chronological age (7-10 years old).

*  Having interest in participating in the study.

* Presenting the consent term signed by the parents.

All students from the school that attained inclusion criteria were
invited to participate in the study. In this sense, the initial sample
was composed by 510 adolescents (267 boys). However, due to
losses during the follow-up, 375 subjects (197 boys) completed
the tests during three years of follow-up. Moreover, three partic-
ipants with incomplete data were excluded. Thus, the final sam-
ple was 372 adolescents (196 boys and 176 girls).
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Tracking of cardiorespiratory fitness

Height was measured using a stadiometer and body
mass using an electronic scale (Filizola®, Recife, Brazil).
The date of birth and day of assessment were used to cal-
culate chronological age. Triceps and subscapular skinfolds
were collected using a Lange caliper (Cambridge Scientific
Industries, Inc., Cambridge, Maryland, United States; range:
0-60 mm x 1 mm), according to procedures described by
Harrison et al.”® (right side of the body), and performed by a
single, trained assessor. Based on the measures of triceps and
subscapular skinfolds, results were interpreted through the
sum of skinfolds.

A 9-minute running or walking field test was performed
on an official athletics track, according to the recommenda-
tions of Cooper et al.'* This is an adaptation for children and
adolescents of the original 12-minute test. The subjects were
oriented to walk and/or run the maximum distance possible
in 9 minutes. Final distance was used as an indicator of aer-
obic fitness. To verify tracking, the sample was divided into
terciles based on the 9 minutes of running/walking accord-
ing to sex and age, using percentiles as cut-points (33.3 and
66.6:[<P° 33.3 tercile 1; >P° 33.3 but <P° 66.6 tercile 2; >Po
66.6 tercile 3]).

Biological maturation was estimated through the somatic
maturation method proposed by Moore et al.,”” using data
from the final year of follow-up. This method estimates matu-
rity-offset (in years) from height and chronological age using
the Equation 1 for boys:

Maturity offset for boys (years) = -7.999994 +

(0.0036124 x (age x height)) (1)
And using the Equation 2 for girls:

Maturity offset for girls (years) = -7.709133 +

(0.0042232 x (age x height)) 2)

Then, a result is given in years from peak height velocity
(PHV). Age of PHV was determined by subtracting the matu-
rity offset from chronological age. Participants were classified
as late, early or on time maturation through the one standard
deviation method. Those who presented an age of PHV higher
than 1 standard deviation were classified as /aze; between -1
and +1 as on time; and those with an age of PHV lower than
1 standard deviation were classified as early.

To characterize the sample, we used mean and standard
deviation values. The Mann-Whitney test was used to com-
pare groups, and chi-square test was performed for trend of
somatic maturity categories according to sex. Tracking was
analyzed through the application of two statistical procedures:

To verify agreement (tracking) between proportions
of subjects — the Kappa coeflicient (k) was used
(k<0.20 was considered low; k between 0.41 and
0.60, moderate; k between 0.61 and 0.80, high, and
k>0.80, very high).'¢

Lin’s concordance correlation coefficient (LCCC).

To verify the moderation by somatic maturation, we kept
all variables continuous and used an interaction term between
cardiorespiratory fitness at baseline and somatic maturation to
predict cardiorespiratory fitness after the three-year follow-up.
The significance level adopted was p< 0.05.

RESULTS

The sample was composed of 372 adolescents (196 boys),
aged between 7 and 10 years old at baseline. Table 1 presents
characteristics of the sample according the sex. In general,
boys matured later and present higher distance of 9-min-
ute running tests in all sections of the study (p<0.001).
Moreover, girls presented greater body adiposity at baseline
than boys (p<0.05).

Tracking of cardiorespiratory fitness from childhood to
adolescence was moderate to low (Figure 1). Tracking val-
ues were greater among boys [boys: k=0.357 (p<0.001),
LCCC=0.521 (p<0.001); girls: k=0.224 (p<0.001),
LCCC=0.338 (p<0.001)]. Moreover, the mean age of
increase cardiorespiratory fitness was after 12 years (Figure 2).
When analyzing the kinetics of cardiorespiratory fitness
according to maturity status (Figure 3), the impact of each
category is more evident among boys (Figure 3A), in which
the cardiorespiratory fitness of on-time maturing adoles-
cents increased linearly. Early maturing adolescents pre-
sented an abrupt increase at around 11 to 12 years old,
and late maturing adolescents increased only in the final
year of follow-up (around 12 to 13 years old). In addition,
body fatness was inversely correlated with respective age at
PHYV and the 9-minute running test at both baseline [boys:
20.108 (0.131), -0.354 (p<0.001); girls: -0.224 (p=0.002),
-0.292 (p<0.001)] and after three years of follow-up [boys:
-0.305 (p<0.001), -0.539 (p<0.001); girls: -0.178 (p=0.018),
-0.262 (p<0.001)].

Moreover, the interaction between cardiorespiratory
fitness at baseline and age at PHV was significant in the
total sample (adjusted by sex) and among boys, regard-
less of the effect of cohort, chronological age, and sum
of skinfolds (Table 2). Differently, in girls there was no
interaction between cardiorespiratory fitness and age at

PHV (p=0.413).
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Table 1 Characteristics of the sample.

S T e s

Chronological age at baseline (years) 8.9+1.1 9.0£1.1 0.751
Age at peak height velocity (years) 13.1£0.4 11.940.3 <0.001
Somatic maturity status 0.615
Late maturing (n) 36 31
On time maturing (n) 129 123
Early maturing (n) 31 22
9-min running baseline (m) 1334.5+£172.6 1223.2+£172.6 <0.001
9-min running 1 year (m) 1355.0+£228.7 1220.1£200.8 <0.001
9-min running 2 years (m) 1392.24218.1 1230.1+186.8 <0.001
9-min running 3 years (m) 1561.9+342.0 1334.94232.5 <0.001
Sum of skinfolds* baseline (mm) 23.5+11.8 25.7+10.8 0.003
Sum of skinfolds* 3 years (mm) 33.5+16.3 33.9+13.6 0.206
*Triceps and subscapular skinfolds.
v k=0.294*
= LCCC=0.458*
(;: 3° Tertile 11 3.0 -o- Boys
% 2,200 Girls
g £ 1,8001
-% 1° Tertile 58.5% % 1,600+
9 3
S 0 20 40 60 80 100 & 14001
5 % Maintenance into tertiles 1,200
o after three years of follow-up 1,0001— . . . . . . .
1° Tertile after three years 1 2° Tertile after three years 7 8 9 10 11 12 13 14
mm 3° Tertile after three years Chronological age (years)
k: Kappa coefficient; LCCC: Lin's concordance correlation
coefficient.

Figure 1 Tracking of 9-minute running distance from

childhood to adolescence.

Figure 2 Nine-minute running distance for chronological
ages according to sex.

Girls

..>\<:7<l/

A Boys B
2,000+ 1,500+
1,800 _ |
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31,4004 3
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o 1[200_ .—.//4 o 1,200'
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Figure 3 Nine-minute running distance according to follow-up and maturity status.
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DISCUSSION

This longitudinal study analyzed the tracking of cardiorespira-
tory fitness at different maturational stages; our main findings
were that the tracking of cardiorespiratory fitness was moderate
to low among the total sample and separated by sex. Moreover,
somatic maturation significantly interacted (moderated) with
aerobic fitness at baseline to predict aerobic fitness in early
adolescence among boys.

Cardiorespiratory fitness is a recognized protection factor
associated with several negative health outcomes even during
childhood and adolescence.* Moreover, cardiorespiratory
fitness seems to mediate the relationship between obesity
and cardiometabolic risk in the transition between child-
hood and adolescence.” Thus, to understand cardiorespi-
ratory fitness’ tracking from childhood to adolescence can
support possible effective interventions. However, during
the end of childhood and beginning of adolescence, bio-
logical maturation processes occur, which affect cardiore-
spiratory fitness, especially among boys."” In this sense, we
evaluated physical fitness tracking from childhood to ado-
lescence, as well as the interaction of biological maturation
with this maintenance.

In the present study, the tracking of acrobic fitness was
moderate to low from childhood to adolescence. In fact, this
finding corroborates previous studies.® Low tracking coefhi-
cients can be due to the sensitivity of cardiorespiratory fitness
in response to many factors, such as physical exercise'® and
obesity,'” as cardiorespiratory fitness tends to be underesti-
mated among obese subjects due to the additional difficulty
caused by a running test.?* In addition, greater rates of becom-
ing unfit have been observed among children/adolescents with
low physical activity and high screen time.”! However, it is
important to highlight that, while almost 60% of the young
people in the highest tercile at baseline remained in the high-
est tercile after three years, less than 12% of the young people
in the lowest tercile at baseline were classified in the highest

tercile after the follow-up period. In this sense, as tracking in

the higher group of fitness is positive for health, tracking in
the lowest tercile of cardiorespiratory fitness should be a risk
factor, given the negative association between cardiorespira-
tory fitness and metabolic risk.?

Beyond the tracking of cardiorespiratory fitness, we found
that biological maturation moderated the relationship between
cardiorespiratory fitness in childhood and in adolescence in
boys, but not in girls. Even though biological maturation was
positively associated with cardiorespiratory fitness in the crude
models (late maturing presented advantages), when adjusted
for adiposity, biological maturation presented an inverse rela-
tionship with cardiorespiratory fitness (early maturation pre-
sented advantage). Considering that our sample was from a
private school with higher income subjects, the prevalence
of high adiposity levels among early maturing boys was high.
Obesity can influence the cardiorespiratory fitness test itself,
in which overweight and obese adolescents present greater dif-
ficulty to run,? as well as the outputs, given that adiposity is
not a high metabolic tissue.”? Despite this, we observed that
cardiorespiratory fitness increased in all groups of maturity sta-
tus among boys, being that early maturing boys increased ear-
lier, while late maturing boys increased one year later, and the
increase among on time maturing adolescents was constant,
which is consistent with the literature.'®"”

Our conclusions agree with previous findings that pointed
out association between biological maturation and cardiore-
spiratory fitness among boys. Batista et al."' discovered that
biological maturation was associated with cardiorespiratory
fitness using a sample of non-athlete boys and the association
lost the significance when scaled by size descriptors, indicating
that the effect of biological maturation should pass through
changes in body size characteristics. Moreover, using both
sexes, Armstrong et al.* found that biological maturation
was independent from body mass in the association with aer-
obic fitness. Moreover, our results corroborate the findings of
Polish active adolescents, which came up that the association

between puberty and cardiorespiratory fitness was significant

Table 2 Interaction terms predicting 9-minute running at three years of follow-up.

Total sample

9-min running at baseline x APHV | 0.184 | 0029100339 | 0.020
Boys

9-min running at baseline x APHV | 0.644 | 0225t01.064 | 0.003
Girls

9-min running at baseline x APHV | 0.217 | 0737100304 | 0.413

APHV: age of peak height velocity; 95%Cl: 95% confidence interval.

Note: models are adjusted by cohort, chronological age, sum of skinfolds at three years of follow-up and sex in the model of total sample.
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among boys, but not girls in longitudinal analyses.” In this
sense, our outcomes agree with findings from countries with
high socioeconomic conditions.

The increase in cardiorespiratory fitness among boys
could be explained by the biological maturation process, in
which there is an increase in growth hormone (GH) release
and, consequently, insulin-like growth factor-1 (IGF-1)
availability?® especially in skeletal muscle, causing hyper-
trophy and hyperplasia.” In addition, the development of
left ventricle and pulmonary evolution? can improve oxy-
gen transportation and, consequently, increase cardiore-
spiratory fitness.

On the other hand, even with the development of these
functions during puberty among gitls, the increases in relative
body fatness seem to limit gains in cardiorespiratory fitness
tests.” These results evidence the clear sexual differentiation
between boys and girls during puberty, in which increases are
observed especially in the release of testosterone and estrogen,
respectively.” While cardiorespiratory fitness presents no dif-
ferences between sexes before puberty, the impact of maturity
status on physical fitness among girls is lower than in boys.
Thus, boys tend to present greater cardiorespiratory fitness
during and after puberty.?®

The present study confronts some limitations that have
to be pointed out. Firstly, our method of measuring car-
diorespiratory fitness (9 minutes of running), which is a
field test, could present bias related to the control of speed
during the test by children and adolescents. The reliability
is an important issue in tracking studies, because the vari-
ation among terciles along the years can be affected out of
possible variations in the test conduction. However, the test
presents good reliability in this population.”” Moreover, tests
were conducted by the same staff. Our method of somatic

REFERENCES

1. Nauman J, Nes BM, Lavie CJ, Jackson AS, Sui X, Coombes JS,
et al. Prediction of Cardiovascular Mortality by Estimated
Cardiorespiratory Fitness Independent of Traditional Risk
Factors: The HUNT Study. Mayo Clin Proc. 2017;92:218-27.

2. Khan H, Kella D, Rauramaa R, Savonen K, Lloyd MS,
Laukkanen JA. Cardiorespiratory fitness and atrial
fibrillation: a population-based follow-up study. Hear
Rhythm. 2015;12:1424-30.

3. RossR,Blair SN, Arena R, Church TS, Després JP, Franklin BA,
et al. Importance of Assessing Cardiorespiratory Fitness in
Clinical Practice: A Case for Fitness as a Clinical Vital Sign: A
Scientific Statement From the American Heart Association.
Circulation. 2016;134:e653-99.

maturity is not direct and similar methods present bias, and
the equations used to find the peak height velocity present
limitations with early and late maturing young people of
both genders.?® Furthermore, we used data from one school,
in which students have high socioeconomic conditions.
Therefore, extrapolation of the present findings should be
made with caution. On the other hand, we presented data
of a 3-year follow-up study from a country in development,
what we consider as a strength of the study. Finally, we did
not adjust our analysis for behavioral factors such as dietary
patterns and physical activity; although, we adjusted it for
fatness, which is an important confounding factor.

Finally, we found that the tracking of cardiorespiratory fit-
ness from childhood to adolescence is moderate to low in both
sexes. Moreover, maturity status moderated the relationship
between cardiorespiratory fitness at baseline and in adolescence,
suggesting that part of tracking can be explained by biological
maturation. Thus, we suggest that early interventions aiming
to improve cardiorespiratory fitness should be conducted even
among early ages,'® and late maturing adolescents should receive
particular attention in order to avoid possible dropouts due to
reduced physical capacities when compared to their peers of
for the same chronological ages.

ACKNOWLEDGMENTS
The authors thank all the participants who engaged in this study.

Funding
This study did not receive funding.

Conflict of inferests
The authors declare no conflict of interests.

4. Machado-Rodrigues AM, Leite N, Coelho-e-Silva MJ,
Martins RA, Valente-dos-Santos J, Mascarenhas LP, et al.
Independent association of clustered metabolic risk factors
with cardiorespiratory fitness in youth aged 11-17 years.
Ann Hum Biol. 2014;41:271-6.

5. Brouwer S|, Stolk RP, Liem ET, Lemmink KA, Corpeleijn E.
The role of fitness in the association between fatness and
cardiometabolic risk from childhood to adolescence. Pediatr
Diabetes. 2013;14:57-65.

6. Schutte NM, Nederend |, Hudziak JJ, Bartels M, Geus EJ.
Twin-sibling study and meta-analysis on the heritability
of maximal oxygen consumption. Physiol Genomics.
2016;48:210-9.

Rev Paul Pediatr. 2019;37(3):338-344



Tracking of cardiorespiratory fitness

10.

11.

12.

13.

14.

15.

16.

17.

18.

Malina R, Bouchard C, Bar-Or O. Growth, Maturation,
and Physical Activity. 2" ed. Champaign (EUA): Human
Kinetics; 2004.

Sori¢ M, Jembrek Gostovi¢ M, Gostovi¢ M, HoCevar M, Misigoj-
Durakovi¢ M. Tracking of BMI, fatness and cardiorespiratory
fitness from adolescence to middle adulthood: the Zagreb
Growth and Development Longitudinal Study. Ann Hum
Biol. 2014;41:238-43.

Katch VL. Physical conditioning of children. J Adolesc Health
Care. 1983;3:241-6.

Armstrong N, Welsman JR. Peak oxygen uptake in relation
to growth and maturationin 11-to 17-year-old humans. Eur
J Appl Physiol. 2001;85:546-51.

Batista MB, Valente-dos-Santos J, Duarte JP, Sousa-e-Silva
P, Coelho-e-Silva MJ, Werneck AO, et al. Independent and
Combined Effects of Weight Status and Maturation on
Aerobic Fitness in Adolescent School Aged Males. J Strength
Cond Res. 2017. [Epub ahead of print]

Casonatto J, Fernandes RA, Batista MB, Cyrino ES, Coelho-
e-Silva MJ, de Arruda M, et al. Association between health-
related physical fitness and body mass index status in
children. J Child Health Care. 2016;20:294-303.

Harrison G, Buskirk E, Carter L, Johnston F, Lohman T, Pollock
M. Skinfold thicknesses and measurement technigue. In:
Lohman TG, Roche AF, Martorell R, editors. Anthropometric
Standardization Reference Manual. Champaign (EUA):
Human Kinetics; 1988. p.55-70.

Cooper KH. A means of assessing maximal oxygen uptake.
Correlation between field and treadmill testing. JAMA.
1968;203:201-4.

Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-
Jones AD, Cameron N, et al. Enhancing a somatic maturity
prediction model. Med Sci Sports Exerc. 2015;47:1755-64.

Altman DG. Practical Studies for Medical Research. London:
Chapman & Hall; 1991.

Malina RM, Beunen G, Lefevre J, Woynarowska B. Maturity-
associated variation in peak oxygen uptake in active
adolescent boys and girls. Ann Hum Biol. 1997;24:19-31.

Carrel AL, McVean JJ, Clark RR, Peterson SE, Eickhoff
JC, Allen DB. School-based exercise improves fitness,
body composition, insulin sensitivity, and markers of
inflammation in non-obese children. J Pediatr Endocrinol
Metab. 2009;22:409-15.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

McDonald SM, Ortaglia A, Bottai M, Supino C. Differential
association of cardiorespiratory fitness and central adiposity
among US adolescents and adults: a quantile regression
approach. Prev Med. 2016;88:1-7.

Norman AC, Drinkard B, McDuffie JR, GhorbaniS, Yanoff LB,
Yanovski JA. Influence of excess adiposity on exercise fitness
and performance in overweight children and adolescents.
Pediatrics. 2005;115:€690-6.

Aggio D, Smith L, Fisher A, Hamer M. Context-specific
associations of physical activity and sedentary behavior with
cognition in children. Am J Epidemiol. 2016;183:1075-82.

Andersen LB, Hasselstream H, Grgnfeldt V, Hansen SE, Karsten
F. The relationship between physical fitness and clustered
risk, and tracking of clustered risk from adolescence to
young adulthood: eight years follow-up in the Danish Youth
and Sport Study. Int J Behav Nutr Phys Act. 2004;1:6.

Goran M, Fields DA, Hunter GR, Herd SL, Weinsier RL. Total
body fat does not influence maximal aerobic capacity. Int
J Obes Relat Metab Disord. 2000;24:841-8.

Armstrong N, Welsman JR, Nevill AM, Kirby BJ. Modeling
growth and maturation changes in peak oxygen uptake in
11-13 yr olds. J Appl Physiol (1985). 1999;87:2230-6.

Malina RM, Woynarowska B, Bielicki T, Beunen G, Eweld D,
Geithner CA, et al. Prospective and retrospective longitudinal
studies of the growth, maturation, and fitness of Polish
youth active in sport. Int J Sports Med. 1997;18:5179-85.

Sinha M, Tripathi T, Rai P, Gupta SK. Serum and urine insulin-like
growth factor-1 as biochemical growth maturity indicators.
Am J Orthod Dentofacial Orthop. 2016;150:1020-7.

Valente-Dos-Santos J, Coelho-e-SilvaMJ, Ferraz A, Castanheira
J, Ronque ER, Sherar LB, et al. Scaling left ventricular
mass in adolescent boys aged 11-15 years. Ann Hum Biol.
2014;41:465-8.

Krahenbuhl GS, Skinner JS, Kohrt WM. Developmental
aspects of maximal aerobic power in children. Exerc Sport
Sci Rev. 1985;13:503-38.

Paludo AC, Batista MB, Serassuelo Jr H, Shigaki GB, Cyrino
ES, Ronque ER. Confiability of the run/walk 9 minutes test
in children and adolescents from 7 to 12 years old. Rev
Andal Med Deporte. 2015;8:150-4.

Koziet SM, Malina RM. Modified maturity offset prediction
equations: validation in independent longitudinal samples
of boys and girls. Sports Med. 2018;48:221-36.

© 2019 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

344

Rev Paul Pediatr. 2019;37(3):338-344



