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Normative values of muscular and cardiorespiratory fitness and their
relationship with anthropometric variables in Colombian adolescents.

Multicentre study
Valores normativos de aptitud muscular y cardiorrespiratoria y su relación con
variables antropométricas en adolescentes colombianos. Estudio multicéntrico
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Abstract. Objectives: The purposes of this research were: 1. To establish reference values for cardiorespiratory fitness and muscular fitness. 2.
To establish the relationship between anthropometric characteristics and physical fitness parameters. Materials and Methods: Cross-sectional,
multicentre, analytical study; students aged between 12 and 18 years from 10 Colombian cities were evaluated. The sample was 3455 students
with a reliability of 95%, a statistical power of 84%, and an expected correlation of 0.30. Anthropometric variables, General Strength Index
(GSI), and Cardiopulmonary Capacity were taken into account. A two-way analysis of variance (two-way ANOVA) was performed with
Bonferroni post hoc adjustments. A Box-Cox Cole and Green (BCCG) lest squares method (LMS) distribution was performed. Results: A
higher performance was found on males in all tests performed, and a higher average body mass index (BMI), waist-height index, and fat
percentage on the females. Weak to moderate negative correlations were identified between muscular and cardiopulmonary fitness and
anthropometric variables. Additionally, significant differences were identified between GSI with waist circumference and fat percentage.
Conclusion: Cardiorespiratory fitness assessment and GSI are tools to be considered as a complement to the evaluation of academic programs
with school health prevention objectives.
Key Words: Reference Values, Cardiorespiratory Fitness, Muscle Strength, Adolescent.

Resumen: Objetivos: Los objetivos de esta investigación fueron: 1. Establecer valores de referencia para la aptitud cardiorrespiratoria y la
aptitud muscular. 2. Establecer la relación entre características antropométricas y parámetros de aptitud física. Materiales y Métodos: Estudio
analítico, transversal, multicéntrico; Se evaluó a estudiantes de entre 12 y 18 años de 10 ciudades colombianas. La muestra fue de 3455
estudiantes con una confiabilidad del 95%, un poder estadístico del 84% y una correlación esperada de 0.30. Se tomaron en cuenta variables
antropométricas, Índice de Fuerza General (GSI) y Capacidad Cardiopulmonar. Se realizó un análisis de varianza bidireccional (ANOVA
bidireccional) con ajustes post hoc de Bonferroni. Se realizó el cálculo de los percentiles normalizados a partir del método de mínimos
cuadrados (LMS) de Box-Cox Cole y Green (BCCG). Resultados: Se encontró un mayor rendimiento en los hombres en todas las pruebas
realizadas, sin embargo, se evidencio un índice de masa corporal (IMC) promedio, índice de cintura y porcentaje de grasa más altos en las
mujeres. Se identificaron correlaciones negativas débiles a moderadas entre la aptitud muscular y cardiopulmonar y las variables antropométricas.
Además, se identificaron diferencias significativas entre GSI con la circunferencia de cintura y el porcentaje de grasa. Conclusión: La evaluación
de la aptitud cardiorrespiratoria y el GSI son herramientas a considerar como un complemento a la evaluación de los programas académicos
con objetivos de prevención en salud escolar.
Palabras clave: Valores de referencia, Resistencia Física, Fuerza Muscular, Adolescente.
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Introduction

Physical fitness is an indicator and predictor of
adequate health. This consists of body composition,
cardiorespiratory fitness, muscular fitness, and flexibility
(Kidokoro et al., 2020). Physical Fitness is considered
as a measure that is integrated into most of the bodily
functions that are involved in the performance of the
daily physical activity or physical exercise and, in
addition, it is considered as an important indicator of
health in childhood. (Mayorga et al., 2012).

According to previous studies, both cardiorespiratory
fitness and muscular fitness as measured by grip strength
are associated with cardiovascular mortality, premature
death (Kodama et al., 2009; Leong et al., 2015; F. B.
Ortega et al., 2012; Silventoinen et al., 2009) and
functional impairment (El gohary et al., 2019).
Additionally, muscular strength is negatively associated
with overall adiposity, and adequate body composition
is associated with a healthy future cardiovascular profile
and a decreased risk of death(J. R. Ruiz et al., 2009).

The study carried by Syddall (Syddall et al., 2003)
determined that grip strength significantly correlates
with personal independence, allowing for greater
functionality over a longer period of time, which in
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turn becomes a protective characteristic in young adults.
Grip strength assessment is a practical means of
stratifying cardiovascular death risk and assessing gene-
ral muscle function and deficiencies (Kara et al., 2021;
Kim et al., 2021). Therefore, it becomes a very useful
strategy to monitor the health status of an individual.

Regarding body composition, assessed employing the
Body Mass Index (BMI), is associated with the risk of
cardiovascular disease (Álvarez Caro et al., 2011;
Zorrilla-López et al., 2020) and quality of life (Lima-
Serrano et al., 2018). These variables are considered
important for identifying potentially preventable health
risks for metabolic and cardiovascular diseases, making
physical activity an appropriate strategy for reducing
health risks (Zaccagni et al., 2014).

As mentioned above, health-related fitness is defined
as a dynamic state that allows the individual to perform
daily activities and cope with unforeseen situations
without fatigue (Gómez-Campos et al., 2020); It is
important to mention that the constant improvement
of physical fitness related to health (cardiorespiratory
fitness, muscular fitness, and body composition) is
necessary to produce neurobiological adaptations that
are expressed in beneficial adaptations such as
psychosocial stressors through axis adjustments
hypothalamic-pituitary-adrenocortical and the
sympathoadrenal medullary system that lead to
improved mental health (Janssen et al., 2020).

In this context, students face academic years spanning
high school and university, which become periods where
they make lifestyle choices, where unhealthy behavior
influenced by dietary imbalance and increased
hypokinetic activities increases due to academic stress
and experiences of freedom (Kidokoro et al., 2020).
According to data collected from the university
population in Colombia in 2012, the probability of
cerebrovascular disease occurring at an early age is
determined by the synergistic effect of being exposed
to cardiovascular risk factors at some point in life (Car-
vajal et al., 2012).

Academic dynamics generate the possibility of
changing interventions according to the individual, the
environment, and their background. For this reason,
identifying baseline values makes it possible to
characterize behaviors and design clear interventions
for health promotion and prevention in the academic
population.

For this reason, this work consists of two intentions:
1. To establish reference values for cardiorespiratory
fitness and muscular fitness. 2. To establish the

relationship between anthropometric characteristics and
physical fitness parameters.

Materials and methods

Study design and sample
A cross-sectional descriptive study with a

quantitative approach, the population consisted of school
children between 12 and 18 years old from public and
private schools in ten Colombian cities (Manizales,
Armenia, Pasto, Popayan, Valledupar, Tuluá, Riosucio,
Villamaría, Chinchiná, and Dosquebradas). To calculate
the sample, reliability of 95%, the statistical power of
84%, and an expected correlation of 0.30 were taken
into account, thus establishing a representative sample
size of 345 students from each city, obtaining a total of
3455 students who met the inclusion criteria. The
selection of the sample was done in a stratified way in
public and private schools as mentioned above. This
project was approved by the Bioethics Committee of
the Universidad Autónoma de Manizales under act 062
of February 15, 2017, besides, the assessments were
made regarding the provisions of the Declaration of
Helsinki and resolution 008430 of the Ministry of Health
and Social Protection of Colombia. In addition, each
participant from this study read and signed an informed
consent form.

Body composition measurement
All body dimension measurements were performed

with the subjects barefoot and in comfortable clothing
following the protocol established by the International
Society for the Advancement of Kinanthropometry
(ISAK). Weight was measured with a TANITA® floor
scale model BF (Arlington Heights, IL 60005, USA)
with a maximum capacity of 200kg and a minimum
capacity of 100g. Height was measured with a SECA®
portable stadiometer model 206 (Hamburg, Germany,)
range 0 – 220cm and 1mm accuracy. With these varia-
bles, the body mass index (BMI) in kg/m2 was calculated.

The waist circumference (WC) was taken according
to the anatomical references described by the WHO
(World Health Organization (WHO), 1995), and from
the direct measurements, the waist-to-height ratio
(WHR) was calculated.

The fat percentage was estimated from the equations
proposed by Slaughter (Slaughter et al., 1988) which
uses the tricipital and subscapular folds; these folds were
measured with a Slim Guide adipometer, calibrated
every 100 measurements.
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General Strength Index
The general strength index (GSI) was determined

from the manual grip test and the long jump test. The
maximum manual grip strength was measured using a
Takei® digital dynamometer with an adjustable handle,
model TKK-5101, which is accurate to 100g, previously
shown to have high reliability in young men (r = 0.88-
0.98) (Francisco Ortega et al., 2012). Two attempts were
made with each hand alternately in a standardized
position (standing, arms parallel to the body without
any contact) with a rest time of 60 seconds between
attempts. The device handle was adjusted to
accommodate participants’ hand size such that the index
finger of each hand was at 90º flexion between the
proximal and middle phalangeal joint. The highest value
obtained between the different attempts is considered
as the Handgrip strength (HGS) and was expressed in
kilograms. According to the methodology applied by
Palacio-Agüero et al (2020) and Yi et al (2018) the
relative grip strength (RHGS) was calculated by dividing
the maximum HGS by the BMI.

The standing long jump test, as a test to determine
lower body explosive strength, was performed from
the standard starting position (standing behind a
reference line with feel shoulder-wide apart), the
adolescent jumped as far forward as possible, landing
with feet together. The evaluators involved in the
fieldwork were advised to perform this test on a hard,
non-slip surface. The test was performed twice and the
longest distance achieved was recorded in centimeters.

With the results from these tests, the GSI was
calculated from the Z-typing, with the formula Z =
(mean value / standard deviation). The average of the 2
transformed tests (z-score) was used to establish a sin-
gle variable called GSI. Subsequently, the GSI was
recoded into quartiles (Q), with Q4 being the position
with the highest value in muscle performance.

20 m Shuttle Run Test (Leger Test)
For the evaluation of cardiorespiratory capacity, the

20-M Shuttle-Run Test was carried out, a validated test
for the evaluation of adults, adolescents, and children as
established by Magee et al. (2021) and Matsuzaka et al.
(2004).

Participants were asked to run between two lines
20 meters apart while keeping pace with the audio
signals played from prerecorded CDs. The initial speed
was 8.5 km / h, increasing 0.5 km / h every minute
(1-minute equals one stage). Participants were instructed
to run in a straight line, turn after completing 20 m and

keep pace according to the audio cues. The test ended
when the participant stopped due to fatigue or could
not reach the goal at the same time as the audio signal
on two consecutive occasions. Each participant took the
test once and the last complete stage performed by the
participant was recorded.

Statistical analysis
Data analysis was carried out using 25th version SPSS

software with the respective data cleaning and
debugging. The normal distribution of the variables was
verified using the Kolmogorov-Smirnov test.

Partial correlations adjusted by sex and age were
performed to examine bivariate correlations of muscu-
lar and cardiorespiratory fitness with body dimension
measures. Two-way analysis of variance (two-way
ANOVA) was used to determine differences between
sex and age and to identify differences in body dimension
measures between muscular fitness quartiles and sex;
this analysis was performed with Bonferroni´s post hoc
adjustments.

Finally, we proceeded to construct the cross-sectional
percentiles for each of the tests used in this study. The
Box-Cox Cole and Green (BCCG) distribution of the
method known as least squares or LMS (Cole & Green,
1992) was used. This model was implemented through
the library of generalized additive models by location,
scale, and shape (GAMLSS), given that it improves in
efficiency and precision compared to the classical
techniques of linear least squares(Stasinopoulos & Rigby,
2007). All of the above was carried out using the
statistical software R version 3.4.0. (Wilson & Norden,
2015)

The LMS method was run for both sexes by
predicting and transforming the original data to
normalized data or also known as Z score data, to have
the normal behavior of the study variables and to
establish the reference values for this population.
Statistical significance was set at a value p<0,05.

Results

The anthropometric characteristics and physical
fitness parameters of the study sample are shown in
table 1. In summary, male adolescents showed better
performance in each of the tests executed, as well as
greater weight, height, and waist circumference
compared to the female population. However, it should
be noted that girl adolescents had higher average values
for BMI, waist-to-heigh ratio, and fat percentage.
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Table 2 shows the partial correlations of muscular
and cardiorespiratory fitness with the variables of body
dimension. Negative correlations were observed with
a weak to moderate clinical significance, finding that
the higher the body mass index, the percentage of fat
and/or the waist-to-height ratio, the lower the perfor-
mance in relative manual force, the absolute manual
force, the general index of force and the lower the per-
formance in the 20 m Shuttle Run Test.

Figure 1 shows the behavior between muscular
fitness and body dimension variables taking into account
sex, finding statistically significant differences between
the groups. The post hoc analysis revealed that
participants with low muscular fitness had higher values
of waist-to-height ratio and BMI, but the behavior
between sexes was similar (Figure 1A and 1B).

In contrast, statistically significant differences were
found between GSI with waist circumference and fat
percentage, however, the post hoc analysis showed that
for waist circumference the difference found was
between quartile 1 and quartile 3 (Figure 1C); being
similar for both, males and females. On the other hand,
regarding the fat percentage, the differences found in
the females were between quartile 1 and the other
quartiles, but on the contrary, for the males, the
differences observed were only between quartile 1 and

Table 1.
Anthropometric characteristics and fitness parameters of the study sample

Male (1733) Female (1722) Total P value
Age (years) 15 ± 1,99 14,96 ± 1,98 14,98 ± 1,98 ,548
Weight (kg) 55,68 ± 11,96 52,89 ± 9,78 54,26 ± 11,02 ,000
Height (cm) 164,27 ± 10,45 158,14 ± 7,8 161,21 ± 9,72 ,000
BMI (kg/m2) 20,43 ± 3,12 21,07 ± 3,27 20,75 ± 3,21 ,000

Weight Status

Under weight 27 21,3 24,2

,001

Normal weight 63,7 64,9 64.9
Overweight 7,2 10,1 8,6
Obesity I 0,9 1,1 1
Obesity II 0,1 0,1 0,1
Obesity III 1,2 1,2 1,2

Waist Perimeter 69,81 ± 7,77 68,59 ± 7,98 69,20 ± 7,89 ,000
Waist-to-height ratio 0,42 ± 0,048 0,43 ± 0,052 0,43 ± 0,05 ,000
Average of fat 23,80 ± 8,32 28,03 ± 11,45 25,92 ± 10,22 ,000
Handgrip strength (kg) 33,01 ± 10,38 25,39 ± 7,07 29,21 ± 9,67 ,000
Relative hand grip strength 0,59± 0,15 0,48 ± 0,12 0,54 ± 0,14 ,000
Long jump to feet together (cm) 172,36 ± 36,02 136,49 ± 29,75 154,48 ± 37,59 ,000
20 m Shuttle Run Test (level) 5,95 ± 2,55 4,11 ± 1,96 5,03 ± 2,45 ,000
20 m Shuttle Run Test (m) 830,6 ± 466,8 507,2 ± 333 669 ± 436 ,000
BMI: Body Mass Index; kg: Kilogram; cm: centimeter; m: meters.
Data are represented as mean ± standard deviation except for the weight status variable.
Differences between sexes were examined by analysis of variance (ANOVA) except for the
weight variable (Chi-square).

Table 2.
Partial correlations of muscular and cardiorespiratory fitness with the body dimension variables

Relative handgrip 
strength

GSI
20 m Shuttle

Run Test
LJT

Handgrip 
strength

BMI -,348* -,268* -,130* -,081* -,168*
Average of fat -,252* -,204* -,235* -,128* -,044*
Waist circumference -,173* -,136* ,016 -,045* ,219*
Waist-to-height ratio -,203* -,224* -,140* -,183* ,038*
BMI: Body Mass Index; GSI: General Strength Index; LJT: Long Jump Test.
Pearson correlation * P<,001. P values are from a bilateral test (two-tailed).

Figure 1. The behavior between muscular fitness and body dimension variables according to sex.
Analyses among the variables of interest show that an increase in strength (GSI) values are related to lower
body dimension indicators (GSI: General Strength Index; BMI: Body Mass Index; WC: Waist Circumference;
WHR: waist-to-height Ratio; %BF: Body fat percentage). A). GSI vs. BMI; B). GSI vs. WHR; C). GSI vs.
%BF; D). GSI vs.WC. Significant differences for the low GSI group (Q1) are expressed.
*Differences by sex with ANOVA test. *p<,05 ** p< ,01 *** p <,001

Table 4.
Standardized reference values for the female gender
Long jump test
Z score/age -3 -2 -1 0 1 2 3

12 55 75 100 125 153 182 212
13 64 90 107 131 157 185 213
14 80 95 111 137 165 194 224
15 92 100 112 140 169 201 234
16 92 105 111 140 171 203 237
17 99 108 120 140 173 208 245
18 106 115 123 136 172 210 250

Handgrip strength (kg)
12 9,3 13,0 16,5 20,3 25,5 34,5 38,4
13 10,7 14,6 18,4 22,5 27,9 37,2 41,0
14 11,5 15,7 19,7 24,0 29,7 39,4 44,0
15 11,7 16,2 20,5 25,2 31,5 42,4 45,7
16 12,0 16,8 21,3 26,3 32,9 44,6 50,4
17 12,4 17,2 22,1 26,6 34,1 47,8 56,7
18 12,7 17,5 22,8 27,9 35,6 48,0 60,4

Relative hand grip strength
12 0,23 0,29 0,36 0,46 0,59 0,75 0,95
13 0,22 0,29 0,36 0,46 0,59 0,76 0,97
14 0,23 0,29 0,36 0,47 0,59 0,76 0,98
15 0,24 0,30 0,37 0,47 0,60 0,76 0,96
16 0,25 0,31 0,39 0,49 0,61 0,77 0,98
17 0,23 0,30 0,38 0,49 0,63 0,81 1,04
18 0,21 0,27 0,35 0,46 0,60 0,79 1,04

20 m Shuttle RunTest (level)
12,0 1,0 1,2 2,1 3,4 5,4 8,4 12,6
13,0 1,2 1,3 2,2 3,6 5,7 8,7 12,9
14,0 1,2 1,3 2,2 3,6 5,7 8,6 12,7
15,0 1,2 1,3 2,2 3,7 5,8 8,9 13,4
16,0 1,2 1,3 2,3 3,9 6,3 9,8 14,8
17,0 1,3 1,4 2,4 4,0 6,5 10,1 15,4
18,0 1,3 1,4 2,4 3,9 6,2 9,6 14,4

Percentile values were used through the LMS method with the BCCG method.

Table 3.
Standardized reference values for the male gender.
Long jump test
Z score/Age -3 -2 -1 0 1 2 3

12 60 90 119 149 177 203 228
13 80 110 128 159 187 213 239
14 90 115 138 169 199 226 253
15 100 119 146 179 210 239 268
16 102 120 147 185 220 252 283
17 107 127 151 188 223 255 287
18 114 135 149 186 221 253 284

Handgrip strength (kg)
12 8,5 12,2 16,5 21,4 27,6 35,9 48,5
13 10,6 15,1 20,1 26,0 33,3 43,1 57,8
14 12,5 17,6 23,4 30,0 38,2 49,2 65,5
15 14,2 19,9 26,3 33,6 42,6 54,7 72,6
16 15,3 21,6 28,5 36,6 46,5 59,8 79,6
17 16,2 22,8 30,0 38,4 48,8 62,7 83,3
18 16,7 23,4 30,6 39,0 49,2 62,9 93,0

Relative hand grip strength
12 0,22 0,30 0,39 0,51 0,64 0,80 0,98
13 0,23 0,31 0,42 0,54 0,69 0,87 1,08
14 0,25 0,34 0,44 0,57 0,72 0,90 1,11
15 0,27 0,36 0,46 0,59 0,75 0,93 1,15
16 0,28 0,37 0,48 0,62 0,78 0,97 1,19
17 0,28 0,37 0,49 0,63 0,79 0,99 1,22
18 0,28 0,37 0,49 0,63 0,79 0,99 1,22

20 m Shuttle RunTest (level)
12 1,6 2,5 3,8 4,6 6,9 9,6 12,8
13 1,7 2,7 4,2 5,2 7,7 10,7 14,3
14 1,7 2,8 4,4 5,4 8,0 11,1 14,8
15 1,8 2,9 4,6 5,8 8,5 11,8 15,7
16 1,9 3,0 4,8 6,1 9,0 12,4 16,3
17 1,8 3,1 4,9 6,3 9,4 13,1 17,4
18 1,7 3,9 5,0 6,3 9,4 13,3 17,9

Percentile values were used through the LMS method with the BCCG method.
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quartile 3 and 4 (Figure 1D).
Tables 3 and 4 show the reference values for the

prehensile strength, the long jump, and the 20m shuttle
run test of Colombian adolescents classified by age and
sex, expressed regarding the Z score values. In these, a
better muscular and cardiorespiratory performance by
male students can be seen in each of the three tests
evaluated. Overall, there is greater heterogeneity in
the values of the males compared to the values of the
females, which are more homogeneous. Likewise, in
the males, there is a tendency towards an increase in
the level of physical fitness as age increases, in contrast
to the females, who show a tendency towards stability.

Discussion

Analyzing the descriptive results of this study, we
found that the BMI values and fat percentage concurred
with the studies carried by Palomino (Palomino-Devia
et al., 2017) and Dantas (Dantas et al., 2013) in which
males and females aged 12 to 17 years were compared
and in which greater adiposity was found in female
adolescents.

In a study carried on 697 students aged 12 to 19
years in Rio de Janeiro, the BMI of both males and
females was higher compared to the data in the present
study, while fat percentage and waist circumference
were lower in both males and females (Schultz
Straatmann & Veiga, 2015). In the same way, BMI was
similar in a study that evaluated 195 adolescents aged
14 to 18 years (Dowd et al., 2016).

However, if we analyze the variables related to
physical fitness, as in the present study, different studies
(Black et al., 2016; Grao-Cruces et al., 2015; Palomi-
no-Devia et al., 2017; Silva et al., 2012) have found
differences between the sexes, showing better results
in the male gender in comparison to the female gender
in the long jump test, the 20m shuttle run test and the
manual grip.

This study also reveals, for the first time in Colom-
bia, the normalized percentiles of muscular and
cardiorespiratory performance by age and sex; values
that can be used as a reference in the assessment of
physical fitness concerning the nutritional status and body
composition in the school population. In summary, and
as established by different authors (Pacheco et al., 2016;
Patiño Palma et al., 2019; Secchi et al., 2016), in the
studied population, higher values of muscular and
cardiorespiratory fitness were observed in the male
school children evaluated, highlighting the significant

increase as age increases, a difference explained mainly
by the different factors of biological maturation.

The joint analysis of muscle strength in a single index
as explained in our methodology coincides with the
methodological strategies reported in previous studies
on children and adolescents (Artero et al., 2011; García-
Artero et al., 2007; Pacheco et al., 2016) as well as
with European population-based studies such as AVE-
NA (Francisco Ortega et al., 2005), HELENA (F. Or-
tega et al., 2011), and ALPHA (J. Ruiz et al., 2011).

Due to the lack of normative values for the Colombian
population, the data reported in this work facilitate
comparison with international reference values
(established in the studies mentioned above), however,
it is essential to explain the correct interpretation of
these data; in this sense, to facilitate the classification,
reference values from reported data are presented in
Tables 3 and 4, allowing an intuitive classification of the
components assessed from a Likert-type scale as follows:
Very bad (X d» -3SD ), Bad (-3SD d» X d» -2SD), Fair
(-2SD d» X d» -1SD), Normal (-1SD d» X d» 1SD),
Good (1SD d» X d» 2SD), Very good (2SD d» X d»
3SD),  and excellent (X e» 3SD).

Another finding in this study was the inverse
relationship between the cardiorespiratory and muscu-
lar fitness and body dimension measurements in the
general adolescent population, a result that is consistent
with that reported by Rodríguez (Rodríguez et al.,
2015). These authors found that children and adolescents
in Bogota city, Colombia, with lower muscular perfor-
mance had approximately 4 times the risk of having
high body fat levels and 1.57 times the risk of abdomi-
nal obesity. In this sense, and based on these observations,
we found concordance with the hypothesis of the
protective role of fat-free mass in the risk of presenting
cardiovascular diseases (Pacheco et al., 2016; Patiño
Palma, 2019; Schultz Straatmann & Veiga, 2015). For
example, in young Colombians, Correa (Correa-
Rodríguez et al., 2018) showed that better muscle per-
formance was inversely associated with a healthier
metabolic profile. This leads us to assume that the muscle
component can be considered an indicator of
cardiovascular health with high discriminatory power,
a conclusion that is consistent with the mentioned by
Eckman (Eckman et al., 2016) and Fonseca (Fonseca-
Camacho et al., 2015).

The above shows how body composition influences
the assessment of muscle strength, therefore, it must
be taken into account when assessing strength in
adolescents (McGrath et al., 2019); However, authors
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such as Dongxue Li et al (Li et al., 2018) establish that
a greater relative grip strength is associated with a more
favorable metabolic profile, thus a lower risk of metabolic
disease. Therefore, the measurement of relative grip
strength is a greater predictor of metabolic disease than
the absolute measurement of grip strength, a situation
that agrees with the correlation indices shown in this
study.

The physical fitness test used was selected based on
scientific evidence from previous studies, 20 m Shuttle
Run Test,  handgrip strength, and the long jump test
have been proved to be valid, reliable, and feasible for
health monitoring on the adolescent population (J. Ruiz
et al., 2011). Handgrip strength and long jump test have
shown good validity compared to laboratory-based
strength tests for both upper and lower body, suggesting
the use of these as suitable measures of muscular fitness,
however, the inclusion of other dimensions of muscular
fitness, e.g., muscular endurance, and isokinetic
strength, should be considered in future studies.

The observations of the present study are limited
by the nature of the cross-sectional design, limiting the
ability to determine causality in the relationship of the
study variables; Likewise, other variables that may
influence body composition or GSI were not taken into
account, such as diet, ethnicity, socioeconomic level, state
of biological maturation, nutritional status and level of
physical activity of the schoolchildren. In addition to the
above, endocrine factors or other physical fitness
markers such as anaerobic power were not evaluated
or taken into account. Prospective and interventional
studies are needed to draw more solid conclusions.

Conclusion

These results provide nationally valid standards for
cardiovascular and muscular fitness in Colombian
adolescents, offering new perspectives on the health
and nutritional status of this population, which can be
taken into account by institutional actors involved in
the planning, decision making, and implementation of
health policies in the country. In general, the assessment
of muscular fitness and cardiorespiratory fitness can be
considered as a complementary assessment tool that
can be included in academic programs aimed at primary
prevention in schools.
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