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Abstract Keywords:
Adiposity;

A high level of physical fitness in childhood and adolescence is associated with more favorable phy- ~ Adolescents;

sical and mental health outcomes. Objective: To compare body adiposity and horizontal jump per- ~ Physical Fitness;

formance with international studies and to analyze the relationship between body adiposity and ho- ~ Muscular Strength

rizontal jump performance indicators in children and adolescents. Patients and Method: Descriptive
study conducted on 812 adolescents from Talca (Chile), with an age range between 10.0 and 16.9
years. Weight, height, waist circumference (WC) and Horizontal jump (HJ) were evaluated after
warm-up for 10 to 15 minutes to evaluate the explosive strength of the lower extremities according to
the protocol of Castro-Pifiero et al. Adiposity and HJ were compared with national and internatio-
nal studies. The data normality was verified by the Kolmogorov-Smirnov test. Smoothed percentile
curves (p50) were created for BMI, WC, and HJ for each gender according to the LMS method.
Results: Adolescents showed differences in body adiposity and HJ performance with international
studies. In both genders, negative and significant correlations were found between the BMI and the
HJ (men r = -0.104 and women r = -0.149) and between the WC and the HJ (men r = -0.100 and
women r = -0.131). The adolescents who were classified in tertile 1 (good) and tertile 2 (satisfactory)
had lower body adiposity (BMI and WC) and better HJ performance than those in tertile 3 (poor).
Conclusion: Higher body adiposity and lower HJ performance were observed compared to interna-
tional studies. In addition, a negative relationship between body adiposity and HJ was found. These
findings suggest that the progressive increase of adiposity as age increases negatively affects the stren-
gth performance of the lower extremities of the studied children and adolescents.
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Introduction

Fat tissue plays a complex regulatory role and exerts
many of its effects on fat-free mass' not only in adults
but also in children and adolescents. The content of
adipose tissue and mainly the distribution of body fat
are associated with increased risk of cardiovascular
disease, obesity, type 2 diabetes, hypertension, among
other diseases”.

Several techniques are currently available to assess
and/or determine body fat, including body mass in-
dex (BMI), waist circumference (WC), waist-hip ratio
(WHR), waist-height ratio (WHTR), skinfold thick-
ness, dual-energy x-ray absorptiometry (DXA), and
hydrostatic densitometry®. Basically, these indicators
belong to one of the components of physical fitness ca-
lled morphological, which are commonly used to deter-
mine health-related physical fitness.

Studies have shown that a high level of physical fit-
ness in childhood and adolescence is negatively asso-
ciated with obesity, cardiovascular disease, skeletal and
mental health. These studies generically analyze the
components of physical fitness in samples of children
and adolescents, however, as far as it knows the specific
associations between the evaluated muscle component
through the horizontal jump (HJ) test with body fat has
not yet been addressed in school adolescents in Chile.
Studying this subject is relevant since in recent years the
trend towards an increase in body fat has been gradua-
lly increasing among adolescents and young university
students®” respectively.

These observed trends could play a negative role in
the physical performance of Chilean adolescents, which
should be studied in depth transversally and/or longi-
tudinally.

The specific approach of linking HJ to body fat may
help to describe changes in body composition in chil-
dren and adolescents, as excess adiposity may contri-
bute negatively to the explosive power performance of
the lower extremities. In addition, HJ is a muscular ap-
titude test, a field test that has a proven validity through
isokinetic strength tests®, and according to the literatu-
re, this test can be used not only in athletes, but also in
non-athletes to relate to bone health’, lipid profile, glu-
cose levels, and body fat in children and adolescents®.

Consequently, this study hypothesizes the exis-
tence of differences in body fat and HJ performance
with international studies, and there could even be
a negative relationship of high BMI and WC values
on HJ performance in adolescents of both sexes. In
addition, the focus of the relationship between body
fat indicators and physical fitness includes the intact
functioning of the musculoskeletal system, meaning
that a group of muscles can generate strength to per-
form maximum and dynamic contraction in a group
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of muscles in a short period of time (explosive force),
which could be impaired by excess weight of adipose
tissue, especially in activities where body weight dis-
placement is required.

The objective of this study was to compare body
fat and performance in horizontal jumping with in-
ternational studies and to analyze the relationship bet-
ween indicators of body fat with horizontal jumping
in school children and adolescents. Relevant informa-
tion is expected to be obtained in order to provide ob-
jective recommendations during physical education
classes!®.

Patients and method

Type of study and sample

Descriptive study. 812 children and adolescents bet-
ween the ages of 10.0 and 16.9 were selected from six
public schools in Talca (Chile), considered emblema-
tic and with the largest number of students enrolled.
The sample size was probabilistically calculated (strati-
fied) from a universe of 5,880 students (95% CI), and
13.80% was obtained (485 men and 327 women). The
number of sample elements of each stratum was di-
rectly proportional to the size of the stratum (age and
sex) within the population.

Children and adolescents whose parents signed in-
formed consent, assent (students) and those who at-
tended on the day of the assessment were included in
the study. Those who did not complete the tests and
students who had some type of physical limitation that
prevented them from taking the physical test were ex-
cluded. The whole study had the respective permissions
of the administration of each school and the ethics
committee of the Universidad Auténoma de Chile.

Procedures

Decimal age, anthropometric variables, and physi-
cal test were assessed using standardized procedures.
The decimal age was calculated considering the date of
birth (day, month, and year) and the evaluation date
(day, month, and year). The anthropometric variables
were assessed according to the protocol of the Interna-
tional Society for the Advancement of Kinanthropome-
try ISAK'!. The weight (kg) was measured with a Tanita
scale with 100g of accuracy and the height (cm) with a
Seca stadiometer with 1mm of accuracy. Both instru-
ments were calibrated according to the manufacturer’s
recommendations. The waist circumference (cm) was
evaluated with a Seca measuring tape with an accura-
cy of Imm. The Body Mass Index [BMI = weight (kg)/
height (m)?] was used to relate weight-for-height.

Before evaluating the horizontal jump (HJ) test, a
10-15-minute warm-up was done, where the students
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performed joint mobility and flexibility exercises. This
test evaluates the explosive power of the lower extremi-
ties, for which the standardized protocol of Castro-Pi-
fiero et al'? was followed. A Cardiomed nylon measure
tape with a 0.1 cm accuracy was used. The teen jumps
with both feet forward (shoulder width apart), trying
to get as far as possible from the starting line (tip of the
feet). Distance is obtained by measuring from the star-
ting line to the heel closest to the line during landing.
The procedure was carried out three times and the best
result was recorded.

To compare body fat by means of the BMI, the
American reference from CDC-2012" was used, as
well as the reference from Brazil", and Argentina®.
To compare the WC, the regional reference of Chile'®
and the American reference of CDC-2012" were used.
For the performance of the HJ, the reference of Brazil'”
and Macedonia'® was used. All studies used the LMS
method to generate the percentiles and reflect them in
smoothed curves.

Statistics

Data normality was verified through the Kolmo-
gorov-Smirnov test. Descriptive statistics (arithmetic
mean and standard deviation) were calculated. The
differences between the two sexes were determined
through T-test for independent samples. Smoothed
percentile curves (p50) were created for BMI, WC, and
H]J for each gender according to the LMS method". This
method uses the Box-Cox transformation (L) because
the standard deviation tends to increase with age and
is strongly dependent on the mean, a better estimate of
variability is obtained with the coefficient of variation
(S) and the median (M). To classify the HJ in categories
(poor, satisfactory, and good) terciles were calculated.
The differences between categories were determined
by one-way ANOVA and post hoc Sheffé tests. In all
cases, the significance level of 0.05 was adopted. Statis-
tical calculations were made in Excel spreadsheets and
in SPSS 18.0 software.

Table 1. Characteristics of the sample studied
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Results

Table 1 shows the anthropometric characteristics
and HJ performance of adolescents of both sexes. Men
showed higher height, waist circumference, and HJ in
relation to women (p < 0.05). There was no difference
in age, weight, and BMI (p > 0.05) (table 1).

Figure 1 shows the percentile comparisons of body
fat (BMI and WC) with international studies and the
American CDC-2012 reference. Adolescents in the
study had higher BMI values (0.9 to 3.3kg/m?) in rela-
tion to schoolchildren in Brazil and Argentina, howe-
ver, the CDC-2012 reference is above all studies. In
relation to the WC, men at early ages (10 to 12 years)
showed similar values with respect to the CDC-2012
reference and the Chile regional study. The studied
schoolchildren had lower values from 13 to 16 years
of age. In the case of women, the values were relati-
vely lower at all ages compared to the regional study
of Chile (-0.5 to -2.0cm), in turn, these were well be-
low the CDC-2012 reference (-1.0 to -4.0cm). Overall,
in both sexes, BMI and WC values increased as age
increased and were below the CDC-2012 reference
mean values (figura 1).

Figure 2 shows the comparisons of HJ with inter-
national studies. Macedonian schoolchildren of both
sexes were significantly better compared to the young
people in the present study, surpassing between 4.7 and
22.9cm, however, when compared with the study in
Brazil, the values were relatively similar at least in men,
while in women they were similar between the ages of
10 and 16 (figura 2).

Table 2 shows the comparisons of BMI, WC, and
HJ between terciles. In the case of body fat indicators
(BMI and WC), significant differences were observed in
the three groups and in both sexes. Children and ado-
lescents placed in tercile 1 showed significantly lower
values than the other two terciles (p < 0.05). In the case
of HJ, men located in tercile 3, both for BMI and WC,
had lower values, however, in women, this pattern was

Variables Men Women p
X SD Minimum  Maximum X SD Minimum  Maximum

Age (years) 12.6 2.0 10.0 16.0 12.5 1.9 10.0 16.0 0.68
Weight (kg) 51.8 14.8 23.0 109.0 49.9 12.4 24.0 91.0 0.06
Height (m) 1.54 0.13 1.17 1.87 1.52 0.10 1.22 1.75 <0.02
BMI (kg/m?) 21.5 4.0 14.0 373 214 4.0 14.0 36.9 0.73
WC (cm) 74.5 10.8 35.0 113.0 71.4 9.6 53.0 112.0 < 0.001
HJ (cm) 145.6 31.8 67.0 244.0 120.6 19.4 57.0 178.0 < 0.001

X: Average, SD: Standard deviation, HJ: Horizontal jump, WC: Waist circumference, BMI: Body Mass Index.
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observed only when classified by WC, while by BMI, Discussion
despite evidencing slightly elevated values, there were
no significant differences (p > 0.05) (table 2). The first objective of this study was to compare
Figure 2 shows the relationships between body fat  body fat and horizontal jump performance with inter-
indicators and HJ performance. Negative and signifi-  national studies. The results indicate that the studied
cant correlations between BMI and H] (menr =-0.104  schoolchildren showed BMI values relatively lower
and women r = -0.149) and between WC and H] (men  than the American CDC-2012" reference, and higher
r =-0.100 and women r = -0.131) were verified in both  than the studies carried out in Argentina'® and Brazil'.
sexes (figure 3). Concerning WC, the percentile values (p50) are lower
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Table 2. Mean values and + SD of the indicators of corporal adiposity and horizontal jump by categories (terciles)

Variables Men Women
Tercile 1 Tercile 2 Tercile 3 Tercile 1 Tercile 2 Tercile 3
(Good) (Satisfactory) (Poor) (Good) (Satisfactory) (Poor)
X SD X SD X SD X SD X SD X SD
Terciles by BMI
BMI (kg/m?) 17.6 1.3 20.9 0.92 26.1 3.1 17.5 1.4 20.7 1.0 25.9 BN
WC (cm) 66.8 6.6 73.7 6.6° 83.1 113 64.4 6.0 69.6 6.7" 79.9 8.3
HJ (cm) 149.4 28.2 145.4 34.0 142.0 32.8° 122.8 18.7 120.7 22.5 118.5 16.4
Terciles by WC
BMI (kg/m?) 18.9 2.8 21.0 3.02 24.9 3.8% 18.4 2.1 20.7 2.4 25.2 4.0%™
WC (cm) 63.9 4.8 73.6 2.52 87.1 7,58 61.8 3.4 70.4 2.5 82.5 6.5"""
HJ (cm) 146.2 28.1 150.8 36.2 139.4 29.5° 119.9 20.0 124.1 18.6 117.8 19.17

BMI: Body Mass Index, WC: Waist circumference, HJ: Horizontal jump, (in men, a: significant difference in relation to tercile 1, b: significant
difference in relation to tercile 2), (in women, *significant difference in relation to tercile 1, **significant difference in relation to tercile 2).
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i A “ "e = Ve " o i e sity indicators with the
Waist circumference (cm) Waist circumference (cm) horizontal jump of ado-
lescents of both sexes.
than those of CDC-2012" reference and relatively si- With respect to the values of the percentile p50

milar to the regional study of Chile'®. These findings of the horizontal jump, the findings indicate that the
confirm that body fat patterns expressed in BMI and  boys and adolescent men of the El Maule Region re-
WC are normal since they evidenced similar behavior  flect a similar pattern with the international studies,
with national and international studies?®*?, especially  in which a clear linear increase of HJ is observed as
between the ages of 10 and 16 and in both sexes. the age increases, whereas in women this tendency is
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similar but less pronounced. Evidently, this reflects
a less accentuated increase compared to men, which
makes them a focus of attention on the part of local,
regional, and national government to develop inter-
vention groups.

In that sense, these results provide valuable infor-
mation about adolescents, since during the process of
growth and development® intense biological, psycho-
logical and cognitive changes take place, which must
be considered mainly in women. This means placing
emphasis on increasing physical activity to impro-
ve levels of physical performance and to reduce and/
or maintain healthy body composition®. In fact, seve-
ral studies have shown that muscle power and overall
muscle strength correlate negatively with obesity in
children® and positively in adults with functional status
and bone health, respectively?.

In this context, in an era where overweight and obe-
sity are gradually increasing worldwide?, it is necessary
to pay attention to the studied adolescents in order to
maintain their level of body fat and improve the perfor-
mance of H]J since it is widely known that adipose tissue
negatively influences physical-sports activities that re-
quire agility, speed, stamina, movement and jumping,
consequently a high level of physical fitness in child-
hood and/or adolescence is associated with more favo-
rable health outcomes such as the risk of future obesity,
cardiorespiratory diseases, deterioration of skeletal and
mental health*. Therefore, showing acceptable levels of
BMI, WC and HJ for their age and sex appears to be
relevant to maintaining good health at the population
level.

Consequently, after comparisons between terciles
and classified by BMI and by WC, the results indica-
te that men reflect differences in HJ when classified by
BMI and in women when classified by WC. The results
reflected negative correlations between adiposity indi-
cators with HJ in both sexes. These findings indicate
that body fat negatively impairs HJ performance, des-
pite the fact that the studied schoolchildren have appa-
rently normal adiposity patterns.

In fact, previous studies have indicated that body
size and weight are negatively correlated with motor
tests, where the body is projected as the center of gravi-
ty specifically in HJ%, although there are other studies
that have shown positive correlations® after analyzing
subjects in populations without body weight excess,
because evidently, fat-free mass plays a relevant role in
muscle aptitude tests specifically in populations of phy-
sically active schoolchildren.

In general, body fat or excess adiposity negatively
affects health and physical performance related to phy-
sical fitness®, especially in populations where there is
minimal presence of body weight excess and mainly
higher prevalence of low weight and height. Although
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stronger negative correlations between BMI-WC and
HJ could be considered as more sedentary populations,
as well as positive correlations could be extrapolated to
samples that reflect normal or low weight, probably due
to the presence of greater muscle mass and even more
physically active groups.

The study presents some potentialities, for exam-
ple, the selection of the sample applied to the research
is probabilistic, in addition to being the first research
conducted in the El Maule Region and Chile with
these characteristics, and therefore it could be gene-
ralized to other contexts with similar characteristics
and could be useful as a baseline for future compari-
sons. However, it is also necessary to recognize some
limitations, given the impossibility of assessing varia-
bles such as eating habits, the time they dedicate to
physical-sports activities inside and outside schools,
and biological maturation. Future research needs to
consider these aspects in its research designs, although
sexual maturation is still an invasive technique that is
dependent on the individual’s subjectivity and cultu-
ral factors for proper use.

In conclusion, there was more body fat and less
performance in HJ compared to international studies.
In addition, a negative relationship between body fat
and HJ was verified. These findings suggest that the
progressive increase in adiposity as chronological age
increases negatively limits the strength performance of
the lower extremities of the studied adolescents, mainly
in women. These findings should be useful to reflect
on the real state of the morphofunctional dimension
of the studied adolescents, although in order to verify
these results, it is necessary to develop more studies.
The results suggest an urgent intervention, especially in
women, to improve muscle performance and body fat
levels.
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