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ABSTRACT

The physical condition was evaluated and the normative reference values were
obtained using the Alpha-Fit Battery. The main objective of this study was to
establish the percentiles, their respective curves and differences between the sexes
for the tests, thus providing an instrument that facilitates the evaluation of physical
condition. With a sample of 604 children and adolescents (9-12 years old) with a
normal body mass index (BMI) and no conditions that affect their physical
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performance. A significant difference was evidenced, with a higher average in
women, in the measurements of body composition (BMI, height, body weight and
skin folds). As well as higher averages in men in the long jump, 20-m shuttle run and
shuttle run 4 x 10m. Likewise, there were higher averages in the long jump, shuttle
run 4 x 10m and handgrip, as age increased, regardless of sex.

KEYWORDS: Alpha-Fit, Physical Condition, Children and Adolescents, Body
Composition, Cardiovascular Capacity.

RESUMEN

A través de la Bateria Alpha-Fit, se evalud la condicion fisica y obtuvo los valores
normativos referenciales. El objetivo principal de este estudio fue establecer los
percentiles, sus respectivas curvas y las diferencias entre sexos para las pruebas,
brindando asi un instrumento, que facilite la evaluacion de la condicion fisica. Con
una muestra de 604 niflos y adolescentes (9-12 afios) con un indice de masa
corporal (IMC) normal y ninguna condicién que afecte su desempefio fisico. Se
evidencio una diferencia significativa, con mayor promedio en las mujeres, en las
medidas de composicion corporal (IMC, estatura, peso corporal y pliegues
cutaneos). Asi como promedios mayores en los hombres en las pruebas de salto de
longitud a pies juntos, ida y vuelta 20m y agilidad/velocidad 4x10m. Igualmente, se
presentaron mayores promedios en las pruebas de salto de longitud a pies juntos,
agilidad/velocidad 4x10m y de presion manual conforme aumenta la edad,
independientemente del sexo.

PALABRAS CLAVE: Alpha-Fit, Condicion fisica, Nifios y Adolescentes,
Composicion corporal, Capacidad cardiorrespiratoria.

1. INTRODUCTION

The study of the ability to perform physical activity based on physiological and
fitness qualities has been relevant in recent decades in children and adolescents.
Physical condition is predictable, since it relates various health indicators to the
emergence of noncommunicable diseases in adulthood (Cairney et al., 2019).
Physical fitness, defined as the ability to perform physical activity, considering
physiological qualities (Ortega et al., 2008), is evaluated primarily by laboratory tests
and by battery tests (Paineau et al., 2008; Ruiz et al., 2008; Santos & Mota, 2011).
The latter are the most used in epidemiological studies due to the possibility of
evaluating multiple health-related components of physical condition in many
individuals over short periods of time (Ruiz et al., 2008).

Out of the approximately fifteen field physics test batteries for the assessment
of physical fitness in children and adolescents, Eurofit (1988), Fitnessgram (2004)
and Alpha-Fit Battery (2010) are among the most widely used (Castro-Pifiero et al.,
2010; Kolimechkov, 2017). The Alpha-Fit battery was created as a public health
monitoring instrument to unify the measurement of physical condition throughout the
European Union, through a set of valid, reliable, and feasible tests (Santos & Mota,
2011). The Alpha-Fit Battery evaluates 4 components of physical fithess, whose
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scientific evidence suggests are more associated with the health status of children
and adolescents: body composition, cardiorespiratory capacity, musculoskeletal
capacity, and motor capacity (Santos & Mota, 2011).

Research related to the evaluation of physical condition in children and
adolescents is scarce in Latin America; and in the case of Andean cities, it is almost
zero. Most research has been limited to evaluating the validity and reliability of
physics test batteries created in different regions (Ramirez-Vélez et al., 2015).

As for the Ecuadorian child population, there are not rigorous population
studies that establish normative reference values to evaluate physical condition.
Establishing normative reference values allows individuals to be classified based on
position measures or referential percentiles, in addition to being the basis for
planning future studies that evaluate the relationship between physical condition and
other health indicators (Ortega et al., 2011; Silva et al., 2012).

The characterization of physical condition in children is pivotal to design
health monitoring and intervention programs aimed at improving the quality of life
(World Health Organization, 2019). In addition, it is important that this type of study
be carried out in cities that are at altitudes above 2000 meters above sea level,
especially in Andean countries which have similar physical, social and environments
(Raimann & Verdugo, 2012). Thus, the objective of this study was to establish and
compare the normative values, disaggregated by sex and age, of the Alpha-Fit
Battery in children and adolescents with adequate weight in Ecuador.

2. MATERIAL AND METHODS
2.1 Design and Context

This study is part of the REDU-EDPA project, which aimed to relate individual
and environmental factors to the health of students. A descriptive cross-sectional
observational study was conducted in 20 public and private schools in urban and
peri-urban areas of Cuenca-Ecuador. Cuenca is the third most important and
populated city of Ecuador, located in the Andean region at an altitude of
approximately 2560 m.a.s.l. In 2019, it had a low poverty (4.1%) and unemployment
rate (4.5%) and is therefore considered an emerging city with high indicators of basic
service, health, and safety (Feijoo et al., 2019, July 15; Lombeida et al., 2019, July
15; Terraza et al., 2016).

2.2 Participants

The first step of the study was to select the schools to obtain participants. The
inclusion criteria for the schools to be chosen were to have at least 90 students who
regularly attend grades five through eight (9-12 years of age) and belong to the urban
or peri-urban area of the city.

Out of the 111 schools that met these criteria, 20 were selected according to
the walker index (Kerr et al., 2013) (The International Physical Activity and the
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Environment Network, 2013) and the socio-economic situation of the surrounding
schools (Quality of Life Index (QLI)) (Molinam & Osorio, 2014). From the schools
chosen, the study subjects were selected from a systematic sampling and the final
sample included 1028 students from 9 to 12 years. Molina-Cando et al. (2021) detail
the sample selection process (Molina-Cando et al., 2021).

The children's tutors then completed the PAR-Q questionnaire (Thomas et
al., 1992) to identify health problems that limit the normal development of physical
activity in children. From the questionnaire, children with chronic diseases and
children who do not regularly attend physical education classes were excluded.

A sub-sample of 604 students who did not have any disability or disease and
who were classified with a normal body mass index (BMI) based on their sex, age,
and anthropometric measurements (World Health Organization, 2007) was used.
Percentiles were determined from this sub-sample to avoid miscalculation of the
normative reference values of the population (Nieto-Lopez et al., 2020; Rosa-
Guillamon et al., 2020)

2.3 Ethical considerations

The study's research protocol, data collection instruments, and informed
consent were approved by the Bioethics Committee of the University of San
Francisco de Quito - Ecuador (2017-090E). Informed consent and settlements were
obtained from each participant and their legal representatives, respectively.

2.4 Procedure

The extended version of the Alpha-Fit Battery was applied (Ruiz et al., 2009;
Santos & Mota, 2011), excepting the measurement of pubertal development as it is
considered invasive (Salgado et al., Marzo, 2018). Participating children were asked
to take the tests without prior physical activity. A 10-minute warm-up was performed
before the physical tests. Each test and the component it measures is detailed
below, following the order defined in the Alpha-Fit protocol.

Anthropometric measurements. Weight, height, abdominal circumference,
and subscapular and tricipital folds were measured according to the methodology of
the International Society for the Advancement of Kinanthropometry (Stewart et al.,
2011). BMI (kg/m?) was calculated from weight (DRY electronic scale 803 Germany)
and height (dry stadiometer 213 Germany). Waist circumference (cm) was measured
with a non-elastic tape (LUFKIN W606PM); and the subscapular (mm) and tricipital
(mm) skin folds were determined with a caliper (HARPENDEN).

Manual grip test. The upper gear force was determined by a hand

dynamometer by holding both hands (TKK 5101 Grip D). The highest value of each
hand is recorded, and the two values are averaged.
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Standing long jump test. The force of the lower gear train was determined
by a longitudinal run-out. The child makes a double jump with both feet together
trying to reach the greatest distance possible and it is recorded in centimeters (cm).

4X10m speed and agility test. The time to run 10 meters 4 times in a row
(total distance traveled of 40 m), at a maximum speed possible was recorded in
seconds (sec); the test was carried out in duplicate, and the shortest time was
recorded as an indicator of the speed and agility of the participant.

Round-trip test 20m. Aerobic and cardiorespiratory capacity are determined
by the maximum oxygen volume (VO2max) measured by a validated Course-Navette
test (Ortega et al., 2008). It consists of a series of 20-meter round-trip runs, guided
by beeps that indicate when to run. The initial speed of the signal is 8.5 km/h and is
increased by 0.5 km/h/min per driveshaft. The test ends when the child is unable to
reach a second consecutive time on one of the lines with the audio signal or when
the child stops due to fatigue; the number of laps reached is recorded. The VO2max
is calculated using the Leger equation based on the number of laps, age and gender
of the participant and is expressed as ml/kg/minute (Leger et al., 1988).

2.5 Statistical methods

The registration of anthropometric data was performed using the
KoboToolbox platform (Harvard Humanitarian Initiative, 2016). The physical tests
were recorded in physical templates and the Epidata 3.1 software was used to
double check and correct errors.

In the Stata program V.12.0, the main descriptive statistics and the
differences by sex were calculated for each of the physical condition variables using
the Student's T-parametric test and the Wilcoxon Rank-sum non-parametric test,
according to the distribution of the variables. Percentile curves were estimated for
each sex in the RStudio program, using the LMS method using asymmetry (L), mean
(M), and variability (S) considering deviations from normality.

3. RESULTS

From the subsample of 604 students with a normal BMI and no conditions
that could affect their regular physical activity, the mean age was 10.4x1.1 years,
53% (n=322) were women, and 52% (n=316) attended public schools.

Table 1 shows that women had higher averages for most body composition
variables: body mass index (17.2+1.7 in women versus 16.9+1.4 in men, p=0,012),
body weight (33.7+6.4 in women versus 32.4+6 in men, p=0,010), height (139.2+8.9
in women versus 137.9+8.9 in men, p=0,018), and subscapular skin folds (9+3.1 in
women versus 6.91£1.9 in men, p<0,001) and tricipital (12.4+£3.2; 10.7+3.2, p<0.001).

On the other hand, in the physical condition tests (Table 1), men performed
better in all the tests, except in the manual grip strength test, in which, despite having
higher averages, no significant differences were found (10.9+£3.9 in men, versus
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10.3£3.5 in women, p<0,141).

(65.9% in men, versus 59.6% in women, p=0.112).

Similarly, no differences were found between
percentages of men and women categorized with a healthy aerobic capacity level

Table 1. Description of anthropometric and fithess measurements

VARIABLES TOTAL MALE FEMALE P
VALU
N Mea Medi N Mea Medi N Mea Median E
n an n an n (RI)
(SD) (RI) (SD) (RI) (SD)
Anthropom  Age (years) 60 104 10(2) 28 104 10(2) 32 104 10.5(2) 0.865
etry 4 (1.1) 2 (1.2) 2 (1.1) A
Abdominal 60 61.9 61.7 28 616 614 32 623 62.1(7.3) 0.114
circumfere 3 9 (7) 1 4.5) 7)) 2 4.9 B
nce (cm) (4.8) 5)
BMI 60 171 17 28 169 16.8 32 172 17.2(2.7) 0.012
4 (1.6) (2.4) 2 (1.4) (2.2) 2 (1.7) B
Body 60 331 322 28 324 314 32 33.7 33(9.6) 0.010
weight (kg) 4 (6.2) (8.7) 2 (6) (8) 2 (6.4) B
Height (cm) 60 138. 1384 28 137. 1376 32 139. 139.5(12 0.018
4 6 (12.6) 2 9 (124) 2 2 .5) B
(8.9) (8.9) (8.9)
Subscapul 60 8 7.5 28 6.9 6.4(2. 32 9 8.4(3.7) <0.00
ar fold 3 (2.9) (3.6) 1 (1.9) 6) 2 (3.1) 18
(mm)
Tricipital 60 116 113 28 10.7 104 32 124 12.1(4.5) <0.00
fold (mm) 3 (3.3) (4.4) 1 (3.2) 4.2 2 (3.2) 18
Physical Manual 60 106 10 28 109 103 32 10.3 10(4.5) 0.141
Condition pressure 4 (3.7) (4.5) 2 (3.9) (4.3) 2 (3.5) B
force (kg)
Standing 60 124. 1246 28 130. 130 32 119. 119(20.6 <0.00
long jump 2 7 (21.8) 2 2 (20.8) 0 9 ) 18
(cm) 17. (17. (16.
9) 4) 9)
Agility 60 134 133 28 131 13 31 13.8 13.6(1.4) <0.00
speed 1 1.1) (1.4) 2 ) (1.3) 9 (1.1) 18
4x10m
(sec)
20m round 59 414 9(1) 27 422 95 31 40.6 9(0.5) <0.00
trip (VO2 1 (3.1) 9 (3.3) (0.5) 2 (2.7) 18
max
ml/kg/min)
20m round 59 9.1 411 27 93 41.5 31 898 40.3(3.4) <0.00
trip (speed 1 (0.6) (4.3) 9 (0.6) (4.9 2 (0.5) 18
km/h)

N = Sample size; SD = Standard deviation; IR = Interquartile range; BMI = Body mass index; # P-
value = Calculated from parametric Student's t-test; B P-value = Calculated from non-parametric
Wilcoxon Rank-sum test.

Table 2 shows the variation of anthropometric measurements disaggregated
by sex and age. The evolution of the variables is evident; in most cases it increases
according to the age.
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Table 2. Description of anthropometric measurements disaggregated by age and sex

TOTA N HEIGHT WEIGHT BMI ABDOMINAL TRYPITA SUBSCAPULA
L (CM) (KG) CIRCUMFERE L FOLD RFOLD (MM)
(YEA NCE (CM) (MM)
RS)
Mean (SD) Mean Mean Mean (SD) Mean Mean (SD)
(SD) (SD) (SD)
9 161 130.63(5.3) 27.82(3.2) 16.26(1.2) 59.0(3.4) 11.0(2.8) 7.2(2.4)
10 153 136.50(7.1) 31.27(4.7) 16.7(1.4) 61.13(4.57) 11.15(3.3) 7.45(2.6)
11 170 142.50(7.2) 35.90(5.5) 17.59(1.6) 63.80(4.7) 12.37(3.3) 8.83(3.2)
12 120 146.58(6.9) 38.47(5.5) 17.82(1.5) 64.60(4) 12.14(3.6) 8.60(2.8)
FEMALE
9 78 131.09(5.4) 27.87(3.2) 16.18(1.1) 58.82(3.2) 9.94(2.6) 6.36(1.6)
10 75 135.37(5.9) 30.33(4.1) 16.49(1.3) 60.27(4.2) 10.27(3) 6.37(1.8)
11 66 141.19(8.3) 34.96(5.8) 17.41(1.3) 63.51(4.4) 11.74(3.4) 7.36(1.9)
12 63 146.22(7.8) 37.83(5.4) 17.61(1.3) 64.67(3.6) 11.21(3.5) 7.50(2.2)
MALE
9 83 130.21(5.3) 27.77(3.2) 16.35(1.3) 59.08(3.7) 11.80(2.7) 7.98(2.6)
10 78 137.60(8.0) 32.18(5.1) 16.91(1.5) 61.95(4.8) 12.01(3.4) 8.48(2.7)
11 104 143.32(6.3) 36.50(5.2) 17.70(1.7) 63.98(4.9) 12.77(3.1) 9.76(3.6)
12 57 146.97(5.7) 39.17(5.6) 18.05(1.7) 64.53(4.4) 13.17(3.5) 9.81(3.0)

N = Sample size; SD = Standard deviation; K = Coefficient of kurtosis; A = Coefficient of asymmetry.

Tables 3-5 show the percentiles (5,15,25,50,75,80,95,99), as well as the
coefficients of asymmetry, kurtosis, and central trend measurements of manual
pressure tests, standing long jump test, test speed and agility 4x10m and the 20m
round trip test differentiated by age (9-12 years) and sex.

Table 3. Percentiles of musculoskeletal capacity - manual pressure test (kg). N=604

FEMALE N MEA SD K A P5 P15 P25 P50 P75 P80 P95 P99
(YEARS) N

9 83 7.36 1.7 21 01 47 550 6.00 7.00 875 9.05 104 112
6 5 5 5 5 5
10 78 9.59 30 38 05 49 671 743 950 115 117 155 19.2
0 9 4 8 0 5 3 5
1 10 1146 31 32 04 68 843 925 112 135 140 171 209
4 2 8 8 1 5 0 0 8 3
12 57 1355 31 26 00 77 108 116 132 157 162 191 20.2
4 5 2 5 5 2 5 5 5 0 5
Male (years)
9 78 8.41 22 45 09 54 625 6.75 800 100 102 121 16.0
1 3 6 8 8 0 5 2 0
10 75 9.89 26 36 03 57 735 800 100 11.7 122 145 185
6 1 7 5 0 5 5 0
1 66 1195 38 74 17 70 900 968 111 13.5 140 189 272
1 7 4 8 2 0 0 8 5
12 63 1409 44 39 10 90 965 110 135 157 171 234 272
1 7 1 0 0 0 5 5 5 5
N = Sample size; SD = Standard deviation; K = Coefficient of Kurtosis; A = Coefficient of
Asymmetry.
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Table 4. Percentiles of musculoskeletal capacity — standing long jump test (cm). N=602

FEMALE N MEA SD K A P5 P15 P25 P50 P75 P80 P95 P99
(YEARS N
)
9 8 110. 14. 35 - 83.0 96.7 103. 112. 120. 123. 130. 143.
3 48 07 2 0. 8 2 6 30 60 42 76 00
57
10 7 120. 16. 28 - 943 102. 108. 120. 131. 134. 148. 156.
7 22 20 7 0. 6 56 65 80 1 32 37 90
18
11 1 123. 15, 42 0. 984 109. 113. 121. 133. 135. 148. 180.
0 25 54 2 42 6 06 8 8 48 78 2 36
3
12 5 127. 18. 36 0. 966 107. 115, 126. 135. 143. 170. 179.
7 04 28 3 59 1 87 65 2 50 56 92 50
Male (years)
9 7 121. 15, 3.0 - 942 107. 111. 121. 131. 134. 147. 158.
8 77 12 5 0. 3 00 30 75 57 24 59 90
10
10 7 127. 14. 25 - 103. 108. 119. 129. 137. 140. 149. 154.
5 12 35 2 0. 36 58 80 00 60 44 54 20
24
11 6 132. 15, 38 0. 106. 117. 123. 131. 139. 144. 164. 181.
6 71 84 8/ 60 98 69 40 25 05 58 23 50
12 6 141. 18. 31 - 108. 125. 129. 142. 153. 153. 170. 185.
3 72 16 3 0. 66 44 00 50 40 4 00 30
03

N = Sample size; SD = Standard deviation; K = Coefficient of Kurtosis; A = Coefficient of
Asymmetry.

Table 5. Percentile of motor capacity - 4x10m (sec) test. N=601

Female N Mean SD K A P5 P15 P25 P50 P75 P80 P95 P99

(years)

9 82 1441 11 27 03 164 155 152 143 136 134 127 120
1 4 4 8 5 5 0 6 1 0

10 77 1393 10 40 08 161 149 144 138 132 131 123 121
4 3 6 4 0 0 0 0 0 9 0

11 10 1342 08 33 05 151 143 140 133 128 126 120 116

3 8 4 3 4 4 0 0 0 0

12 57 1316 08 86 18 147 138 134 131 127 125 120 11.8
5 4 8 3 0 5 0 0 9 0

Male (years)

9 78 1363 10 89 14 157 143 141 137 128 128 122 11.2
6 4 8 0 3 7 0 9 0

10 75 1310 08 28 01 147 140 137 131 125 123 115 114
9 3 9 6 0 0 0 0 0 0

11 66 1285 08 23 03 144 139 135 127 122 120 116 114
4 4 8 0 9 2 0 0 4 0 0

12 63 1248 08 33 03 140 133 130 124 118 117 113 104
2 2 0 0 0 0 2

N = Sample size; SD = Standard deviation; K = Coefficient of kurtosis; A = Coefficient of
asymmetry.
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Table 6. Percentiles of aerobic capacity - 20 m (VOzmax. MlI/kg/min) round trip test. N=591

Female N Mean SD K A P5 P15 P25 P50 P75 P80 P95 P99

(years)

9 78 4278 16 29 06 410 410 410 433 433 433 456 479
4 9 2 6 6 6 7 7 7 8 9

10 74 4109 22 38 1.0 391 391 391 415 415 438 46.2 486
1 6 8 2 2 2 1 1 9 8 7

11 10 3976 24 32 08 371 371 371 396 421 421 445 470

3 2 7 3 8 8 8 4 0 0 7 3

12 57 3840 24 21 03 352 352 365 377 403 403 428 428
6 5 2 3 3 0 7 2 2 6 6

Male (years)

9 77 4418 26 22 04 410 410 410 433 456 456 482 503
7 5 1 6 6 6 7 8 8 2 0

10 74 4257 27 23 05 391 391 415 415 438 46.2 486 486
6 8 0 2 2 1 1 9 8 7 7

11 65 4146 32 3.0 06 371 371 39.6 421 433 445 487 495
0 3 6 8 8 4 0 4 7 6 0

12 63 4005 29 41 06 352 377 377 403 403 428 454 504
8 5 8 3 7 7 2 2 6 0 8

N = Sample size; SD = Standard deviation; K = Coefficient of kurtosis; A = Coefficient of
asymmetry.

The curves of the Manual Pressure, standing long jump, and 4x10m Speed
and Agility tests (Figure 1 to 3) show higher levels of fitness as age increases, no
matter the gender. This increase is mainly evident in the manual pressure test in
male percentiles above the median (P50) and generally in women in the 4x10m
speed and agility test.

While the 20 m round-trip test (Figure 4) shows lower performance in older
participants. As for the curves of the manual pressure force test and the standing
long jump test, there is a turning point at the age of 10 years in the case of women,
from which an even greater physical performance is observed.
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Figure 1. Percentile of curves musculoskeletal capacity - manual pressure strength test (kg) (A-
men) (B-women).
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4. DISCUSSION

The objective of this study was to establish and compare the normative values
of the Alpha-Fit Battery in children and adolescents displeasing by sex and age with
normal weight in Ecuador, based on a review of the available evidence. As for the
authors, this study is the first in Ecuador to report the normative values of physical
condition in children and adolescents, according to sex and age. These values are
the base for improving the interpretation of physical condition by categorizing and
comparing individual measurements with the normative reference values of a healthy
population. Gender differences from fitness tests and body composition
measurements are also presented. This assessment is useful for identifying children
at risk of developing unfavorable health conditions secondary to poor physical
condition or harmful body composition (De Miguel-Etayo et al., 2014). Regarding the
body composition results, all measurements showed higher averages in women
(BMI, height, body weight, and the tricipital and subscapular skin folds), except for
the abdominal circumference measurement for which no differences were found.
Similarly, studies in Brazil (Silva et al., 2016) and Canada (Tremblay et al., 2010)
report higher averages in women than in men; Palomino-Devia et al. (2017) found in
Colombia a significant difference with a higher average among men (Palomino-Devia
& Gonzalez-Jurado, 2017). In terms of BMI, higher values in women have been
widely observed by studies in countries like Ecuador, such as Mexico (Cruz Estrada
et al., 2017) and Argentina (Secchi et al., 2014). The Alpha-Fit battery takes BMI
data as a parameter for assessing the body composition of the individual due to its
relevance to determining health risk (Suarez & Sanchez, 2018), and because it has
simple and standardized measurement processes (Ruiz et al., 2009). The main
limitation is that BMI does not distinguish between fat-free mass and fat mass;
however, it allows for great precision and accuracy as it is a more familiar method
for the person recording the measurements for its determination (Artero et al., 2009).

In percentile analysis, curves show better physical condition in most tests as
age increases. This difference is more visible in tests of manual pressure and
standing long jump that measure musculoskeletal capacity. Similarly, in the curves
of the manual pressure tests and standing long jump, a turning point is observed at
the age of 10 years (especially for women), after which performance improves; this
is in line with several studies that have reported a positive relationship of physical
condition and age in musculoskeletal capacity. Several studies conclude that peak
yields are reached around 15 years (Moro et al., 2016; Parra et al., 2020) (Tambalis
et al., 2016). This behavior can be explained by the increase in the cross-section of
normal muscle in the prepubertal stage, due to the presence of growth hormone
which generates greater muscle growth and bone mass development (Rowland &
Others., 1996). Similarly, an increase in blood volume and heart size promotes
oxygen conduction from the lungs by increasing physical performance (Soares et
al., 2014). The last system to influence puberty is the nervous system: it was thought
that the brain had already reached almost its adult size or final maturity by
adolescence, but today it is known that the brain does not complete its maturation
until the age of 25-30 and much of its development occurs at puberty. There is rapid
neuronal-glial growth and the formation of new synaptic connections (Iglesias,
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2013). In other words, puberty generates major changes in the bone, muscle, and
neurological systems, producing a leaner body at the end of growth with better
response capacity, leading to an individual with greater physical capacity to perform
physical activity (Guemes-Hidalgo et al., 2017). In the case of cardiorespiratory
capacity in which no increase was seen with age, higher performance in younger
ages has also been reported in previous studies in older samples (De Miguel-Etayo
et al., 2014; Kolimechkov et al., 2019) and it might be explained by a greater
participation in physical activities and a lower sedentary lifestyle in early ages
(Rodriguez Torres et al., 2020). Another factor that could explain these results is
that until the first 10 years of age, physical education classes are usually
spontaneous and not organized. In contrast, children over 10 and adolescents often
prefer more organized activities, but in smaller numbers. For effective physical
education classes in different age groups, it is suggested that physical education
dynamics should be according to the physiological age of children; physical and
energetic attrition varies with age, hence activities (Bar-Or & Rowland, 2004).

Regarding gender differences in physical condition tests, men performed
better in all tests, except for the manual pressure force test, which concluded that
there were no differences. This result is clearly visible on the steeper slopes of men
curves, especially at ages 11 and 12. In the Latin American context, a similar study
conducted by Lopes et al. (2019) in children and adolescents in Brazil demonstrates
better performance in men on long-jump and round-trip tests (Lopes et al., 2019). A
study in Colombia (Palomino-Devia & Gonzalez-Jurado, 2017) and another in
Argentina (Secchi et al., 2014) found higher averages in men in all physical condition
tests, coinciding with the results of the present study. Gender differences in tests
related to musculoskeletal and motor capacity are explained mainly by physical
differences, such as muscle mass, while those related to aerobic resistance are
explained by physiological differences, such as mechanical efficiency (Catley &
Tomkinson, 2013; Lépez-Benavente et al., 2020; Parra et al., 2020). One aspect to
consider in terms of gender is that girls often report low sport activity compared to
boys (Salazar et al., 2008), especially in the Latin American context where gender
stereotypes marked in physical education classes often lead to girls being
marginalized and discriminated against to the point of assuming fewer physical
activities (Guerrero & Fierro, 2014; Méndez-Giménez et al., 2018). A reduction in
physical activity in girls would imply an increased risk of chronic diseases in
adulthood. It is therefore necessary to promote physical activity in children and
adolescents to adopt regular physical activity habits that often determine physical
activity in adulthood (McNamee et al., 2016).

As for the differences in physical condition with countries in the region such
as Colombia (Ramos-Sepulveda et al., 2016) and Argentina (Santander et al., 2019)
and other continents such as the European Union (Kolimechkov et al., 2019), it can
be seen in Table 7 that for all the tests (except for the standing long jump test),
Ecuador obtained the least favorable values. It is important to remember that each
zone has its individual, environmental and social characteristics that influence the
development of individuals (Ramos-Sepulveda et al., 2016). However, differences in
physical condition can be explained in the greater presence of policies or strategies
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that promote physical activity such as: development of media campaigns that
encourage physical activity and good nutrition; physical activity interventions in
various settings, both in schools and in communities; and infrastructure policies that
provide spaces and physical implements that allow activities such as walks,
marathons, etc., with security and accessibility (Heath et al., 2012).

Table 7. Reference values (50th percentile or median) of different countries/regions of different

studies.
GIRLS BOYS
AGE "ECUAD COLOM ARGEN EUROPEAN ECUA COLOM ARGEN EUROPEAN
(YEA OR BIA TINA UNION DOR BIA TINA UNION

RS) N=604 N=7268 N=4173 N=2,779,165 N=604 N=7268 N=4173 N=2,779,165
Manual pressure force (kg)

9 7 - - 13.6 8 - - 14.9
10 9.5 13.4 - 16.1 10 14 .1 - 17.7
1 11.25 15.3 - 18.6 11.12 15.6 - 20.6
12 13.25 18.1 - 21.1 13.5 17.5 - 23.4
Standing long jump test (cm)

9 112.3 - - 120.5 121.7 - - 131.8
10 120.8 102 118.6 125.4 129 118 131.2 138.8
11 121.8 107 121.3 130.4 131.25 123 138.3 145.8
12 126.2 110 123.6 135.3 142.5 126 146.4 158.8
Agility speed 4x10m (sec)

9 14.35 - - 13.6 13.7 - - 13
10 13.8 13.3 14.3 13.3 13.1 13.8 13.3 12.5
1 13.3 13.2 14 13.3 12.7 13.8 13.1 12.5
12 13.3 12.6 13.7 13 12.4 13.4 12.9 12.3
20m Round trip (VO2max ml/kg/min)

9 43.37 - - 45.3 43.37 - - 46.8
10 41.51 - 43.1 45.1 41.51 - 43 46.9
1 39.64 - 42 43.5 42 .1 - 42.3 45.8
12 37.77 - 41.1 42 40.32 - 42 40.32

Although there are studies in other Latin American countries, they determine
the referential values of children and adolescents using other batteries, making it
difficult to compare (Cossio-Bolanos & Arruda, 2012). In addition, there are other
cases where the same battery is used, but the data divided by age and gender are
not presented (Cruz Estrada et al., 2017; Solis-Urra et al., 2021). Although this use
of battery diversity is changing, De La Cruz (2020) reports that 60% of studies
applying batteries use the Alpha-Fit battery (De la Cruz, 2020). Battery selection
depends on the region or country where the test will be performed. Therefore, to
improve comparability between methods, it is necessary to continue with processes
for standardization and consensus among methods that wish to assess physical
capacity. Based on the comparison of results, it is possible to contribute to the
creation of educational and health policies that improve the health of children and
adolescents (Marques et al., 2021).

As for differences between regions, compared to Europe where studies have
covered larger geographical areas (Kolimechkov et al., 2019; Tomkinson et al.,
2018), studies in Latin America are limited to smaller areas and populations (Cossio-
Bolafios & Arruda, 2012; Ramos-Sepulveda et al., 2016; Secchi et al., 2014).
Moreover, the lack of generalized parameters in Latin America, as well as the lack
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of methodological rigor have made it difficult to compare results and generate
referential normative values representative of larger geographical areas. Existing
evidence shows that physical performance is lower in Latin American populations
compared to those in European regions (Bustamante et al., 2014; Cossio-Bolafios
& Arruda, 2012; Kolimechkov, 2017; Olds et al., 2006; Secchi et al., 2014;
Tomkinson et al., 2018).

Limitations of this study include the limited sample size, which, although
representative for the objective of the research, was reduced by including only
participants with a normal BMI. However, the behavior of the tests is similar to those
studies with larger and similar samples (Lopes et al., 2019; Palomino-Devia &
Gonzalez-Jurado, 2017). Another limitation was the selection of schools of the urban
and peri-urban areas belonging only to the city of Cuenca, which generalize results
only for this age group studied in these zones. Also, it is worth noting the fact that
the city is located at a considerable altitude (2560 m) which could mainly influence
the cardiorespiratory performance of the sample. However, it is important to
remember that the city of Cuenca shares similar contexts (height, socioeconomic
status, anthropometric characteristics, etc.) with some cities that make up the
Andean region. In future studies, it is necessary to expand the age range, the regions
studied and the sample size to obtain representative references of larger
populations. This study is an initial reference point that reflects the situation in
children and adolescents in terms of physical condition and body composition, useful
for evaluating physical condition and for measuring the impact of public health
interventions or programs.

5. CONCLUSION

This study established normative values of the Alpha-Fit Battery in children
and adolescents disaggregated by age and gender in Ecuador. The results show
that women have higher averages regarding body composition, and that there is
better physical condition as age increases and among men compared with women.
It is also noted that children in Ecuador have lower normative values compared to
children and adolescents in the Latin American region, as well as in other parts of
the world. This demonstrates that by using commonly applied batteries such as
Alpha-Fit, health situations of interest such as low physical condition in the study
population can be quickly observed. It is recommended to continue establishing the
reference percentiles for different countries and regions, considering greater age
range and age groups to improve health monitoring systems, and serve as an
indicator to suggest changes at the environmental/political level that contribute to
improving the physical condition of children/adolescents and consequently their
short- and long-term health.

FUNDING

Funding was provided by the Vice Rectorate of Research of the University of
Cuenca (VIUC) and by the Salesian Polytechnic University through the GIDTEC
research group.

204



Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

REFERENCES

Artero, E. G., Espafia-Romero, V., Ortega, F., Jiménez-Pavon, D., Ruiz, J. R,,
Vicente-Rodriguez, G., Bueno, M., Marcos, A., Gbémez-Martinez, S.,
Urzanqui, A., Gonzalez-Gross, M. M., L. A., Gutiérrez, A., & Castillo, M. J.
(2009). Health-related fitness in adolescents: underweight, and not only
overweight, as an influencing factor. The AVENA study. In Scandinavian
journal of medicine & science in sports (Vol. 20, pp. 418-427).
https://doi.org/10.1111/j.1600-0838.2009.00959.x

Bar-Or, O., & Rowland, T. W. (2004). Pediatric exercise medicine: from physiologic
principles to health care application. Human Kinetics.

Bustamante, A., Beunen, G., & Maia, J. (2014). Evaluation of physical fitness levels
in children and adolescents: Establishing percentile charts for the central
region of Peru.
https://alicia.concytec.gob.pe/vufind/Record/INSR_4cde38d7e0449a1da010
5e235695150d/Details

Cairney, J., Dudley, D., Kwan, M., Bulten, R., & Kriellaars, D. (2019). Physical
literacy, physical activity and health: Toward an evidence-informed
conceptual model. Sports Medicine, 49(3), 371-383.
https://doi.org/10.1007/s40279-019-01063-3

Castro-Pifero, J., Artero, E. G., Espafa-Romero, V., Ortega, F. B., Sjostrom, M.,
Suni, J., & Ruiz, J. R. (2010). Criterion-related validity of field-based fitness
tests in youth: a systematic review. British Journal of Sports Medicine, 44(13),
934-943. https://doi.org/10.1136/bjsm.2009.058321

Catley, M. J., & Tomkinson, G. R. (2013). Normative health-related fitness values for
children: analysis of 85347 test results on 9-17-year-old Australians since
1985. British  Journal of Sports  Medicine, 47(2), 98-108.
https://doi.org/10.1136/bjsports-2011-090218

Cossio-Bolanos, M. A., & Arruda, M. (2012). Propuesta de valores normativos para
la evaluacioén de la aptitud fisica en nifios de 6 a 12 afios de Arequipa, Peru.
In  Revista Medica Herediana (Vol. 20, no. 4, pp. 206).
https://doi.org/10.20453/rmh.v20i4.1005

Cruz Estrada, F. d. M., Tlatempa Sotelo, P., Valdes-Ramos, R., Hernandez Murua,
J. A., & Manjarrez-Montes-de-Oca, R. (2017). Overweight or obesity, gender,
and age influence on high school students of the city of Toluca’s physical
fitness. BioMed Research International, 2017, 9546738.
https://doi.org/10.1155/2017/9546738

De la Cruz, C. (2020). Revision Sistematica De La Evaluacion De Las Capacidades
Fisicas [Tesis previa a la obtencion de Licenciatura en Educacién Fisical.
Universidad César Vallejo.

De Miguel-Etayo, P., Gracia-Marco, L., Ortega, F. B., Intemann, T., Foraita, R,
Lissner, L., Oja, L., Barba, G., Michels, N., Tornaritis, M., Molnar, D.,
Pitsiladis, Y., Ahrens, W., Moreno, L. A., & consortium, I. (2014). Physical
fithness reference standards in European children: the IDEFICS study.
International  journal  of  obesity, 38  Suppl 2, S57-S66.
https://doi.org/10.1038/ij0.2014.136

205


https://doi.org/10.1111/j.1600-0838.2009.00959.x
https://alicia.concytec.gob.pe/vufind/Record/INSR_4cde38d7e0449a1da0105e235695150d/Details
https://alicia.concytec.gob.pe/vufind/Record/INSR_4cde38d7e0449a1da0105e235695150d/Details
https://doi.org/10.1007/s40279-019-01063-3
https://doi.org/10.1136/bjsm.2009.058321
https://doi.org/10.1136/bjsports-2011-090218
https://doi.org/10.20453/rmh.v20i4.1005
https://doi.org/10.1155/2017/9546738
https://doi.org/10.1038/ijo.2014.136

Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

Feijoo, E., del Pozo, D., Moreno, L., & Carvajal, S. (2019, July 15). Boletin Técnico
N° 03-2019-ENEMDU. Ecuadorencifras.
https://www.ecuadorencifras.gob.ec/documentos/web-
inec/EMPLEO/2019/Junio/Boletin_tecnico_de _empleo_jun19.pdf

Guemes-Hidalgo, M., Cenal, M., & Hidalgo, M. (2017). Pubertad y adolescencia.
Revista de Formacion Continuada de la Sociedad Espafiola de Medicina de
la Adolescencia, 5(1), 7-22.

Guerrero, T. H., & Fierro, A. A. (2014). Estereotipos de género en las clases de
educacion fisica. Journal of Movement &  Health, 15(2).
http://imh.pucv.cl/index.php/ijmh/article/viewFile/75/74

Harvard Humanitarian Initiative. (2016). KoBoToolbox: Data collection tools for
challenging environments. Boston, MA, USA, Harvard Humanitarian Initiative
(HHI).

Heath, G. W., Parra, D. C., Sarmiento, O. L., Andersen, L. B., Owen, N., Goenka,
S., Montes, F., Brownson, R. C., & Lancet Physical Activity Series Working
Group. (2012). Evidence-based intervention in physical activity: lessons from
around the world. The Lancet, 380(9838), 272-281.

Iglesias, J. (2013). Desarrollo del adolescente: aspectos fisicos, psicolégicos y
sociales. Pediatr Integral, 17(2), 88-93.

Kerr, J., Sallis, J. F., Owen, N., De Bourdeaudhuij, I., Cerin, E., Sugiyama, T., Reis,
R., Sarmiento, O., Fromel, K., Mitas, J., Troelsen, J., Christiansen, L. B.,
Macfarlane, D., Salvo, D., Schofield, G., Badland, H., Guillen-Grima, F.,
Aguinaga-Ontoso, I., & Davey, R., ... Bracy, N. (2013). Advancing science
and policy through a coordinated international study of physical activity and
built environments: IPEN adult methods. Journal of Physical Activity and
Health, 10(4), 581-601. https://doi.org/10.1123/jpah.10.4.581

Kolimechkov, S. (2017). Physical fithess assessment in children and adolescents: A
systematic review. European Journal of Physical Education and Sport
Science. http://oapub.org/edu/index.php/ejep/article/view/653

Kolimechkov, S., Petrov, L., & Alexandrova, A. (2019). Alpha-fit test battery norms
for children and adolescents from 5 to 18 years of age obtained by a linear
interpolation of existing European physical fitness references. European
Journal of Physical Education and Sport Science.
https://www.oapub.org/edu/index.php/ejep/article/view/2221

Leger, L. A., Mercier, D., Gadoury, C., & Lambert, J. (1988). The multistage 20 metre
shuttle run test for aerobic fitness. Journal of Sports Sciences, 6(2), 93-101.
https://www.tandfonline.com/doi/abs/10.1080/02640418808729800

Lombeida, E., Serrano, M., Moreno, L., & Carvajal, S. (2019, July 15). Boletin

Técnico N° 02-2019-ENEMDU. Ecuadorencifras.
https://www.ecuadorencifras.gob.ec/documentos/web-
inec/POBREZA/2019/Junio-

2019/Boletin_tecnico pobreza y desiqualdad junio 2019.pdf

Lopes, V. P., Malina, R. M., Gomez-Campos, R., Cossio-Bolafos, M., Arruda, M. d.,
& Hobold, E. (2019). Body mass index and physical fitness in Brazilian
adolescents. Jornal de Pediatria, 95, 358-365.
https://doi.org/10.1016/j.jped.2018.04.003

206


https://www.ecuadorencifras.gob.ec/documentos/web-inec/EMPLEO/2019/Junio/Boletin_tecnico_de_empleo_jun19.pdf
https://www.ecuadorencifras.gob.ec/documentos/web-inec/EMPLEO/2019/Junio/Boletin_tecnico_de_empleo_jun19.pdf
http://jmh.pucv.cl/index.php/jmh/article/viewFile/75/74
https://doi.org/10.1123/jpah.10.4.581
http://oapub.org/edu/index.php/ejep/article/view/653
https://www.oapub.org/edu/index.php/ejep/article/view/2221
https://www.tandfonline.com/doi/abs/10.1080/02640418808729800
https://www.ecuadorencifras.gob.ec/documentos/web-inec/POBREZA/2019/Junio-2019/Boletin_tecnico_pobreza_y_desigualdad_junio_2019.pdf
https://www.ecuadorencifras.gob.ec/documentos/web-inec/POBREZA/2019/Junio-2019/Boletin_tecnico_pobreza_y_desigualdad_junio_2019.pdf
https://www.ecuadorencifras.gob.ec/documentos/web-inec/POBREZA/2019/Junio-2019/Boletin_tecnico_pobreza_y_desigualdad_junio_2019.pdf
https://doi.org/10.1016/j.jped.2018.04.003

Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

Lopez-Benavente, Y., Abad-Corpa, E., Lidén-Cerezuela, M. B., Vivo-Molina, M. C.,
Menarguez-Puche, J. F., Ros-Sanchez, T., & Meseguer-Liza, C. (2020).
Gender, Age and Socio-Occupational Inequalities. Activa-Murcia Physical
Activity Program. Revista Internacional de Medicina y Ciencias de la Actividad
Fisica y del Deporte, 20(79), 535-550
Http://cdeporte.rediris.es/revista/revista79/artanalisis1169.htm DOI:
http://doi.org/10.15366/rimcafd2020.79.010

Marques, A., Henriques-Neto, D., Peralta, M., Martins, J., Gomes, F., Popovic, S.,
Masanovic, B., Demetriou, Y., Schlund, A., & Ihle, A. (2021). Field-based
health-related physical fithess tests in children and adolescents: a systematic
review. Frontiers in Pediatrics, 9, 155.

McNamee, J., Timken, G. L., Coste, S. C., Tompkins, T. L., & Peterson, J. (2016).
Adolescent girls’ physical activity, fitness and psychological well-being during
a health club physical education approach. European Physical Education
Review, 23(4), 517-533. https://doi.org/10.1177/1356336x16658882

Méndez-Giménez, A., Garcia-Romero, C., & Cecchini-Estrada, J. A. (2018). Metas
de logro 3x2, amistad y afecto en educacion fisica: Diferencias edad-sexo.
Revista Internacional de Medicina y Ciencias de la Actividad Fisica y del
Deporte, 18(72), 637.

Molina-Cando, M. J., Escandén, S., Van Dyck, D., Cardon, G., Salvo, D., Fiebelkorn,
F., Andrade, S., Ochoa-Avilés, C., Garcia, A., Brito, J., Alvarez-Alvarez, M.,
& Ochoa-Avilés, A. (2021). Nature relatedness as a potential factor to
promote physical activity and reduce sedentary behavior in Ecuadorian
children. PloS one, 16(5), e0251972.
https://doi.org/10.1371/journal.pone.0251972

Molinam, D. O., & Osorio, P. (2014). Segregacion socio-espacial urbana en Cuenca,
Ecuador. Analitika: revista de analisis estadistico, 8, 27-38.
https://dialnet.unirioja.es/descarga/articulo/5004620.pdf

Moro, P. B., Castillo, M. B., Espinosa, M. G. M., Algaba, E. V., Lopez-Ejeda, N., &
Serrano, M. D. M. (2016). Semi-longitudinal analysis of physical status in
Madrilenian adolescents. Archivos de Medicina del Deporte, 33(3), 183-192.
http://archivosdemedicinadeldeporte.com/articulos/upload/or04 barrueco-
ingles.pdf

Nieto-Lopez, L., Garcia-Canto, E., & Rosa-Guillamén, A. (2020). Relacién entre nivel
de condicidn fisica y percepcion de la calidad de vida relacionada con la salud
en adolescentes del sureste espafol. Revista de la Facultad de Medicina,
68(4), 533-540. https://doi.org/10.15446/revfacmed.v68n4.78052

Olds, T., Tomkinson, G., Léger, L., & Cazorla, G. (2006). Worldwide variation in the
performance of children and adolescents: an analysis of 109 studies of the
20-m shuttle run test in 37 countries. Journal of Sports Sciences, 24(10),
1025-1038. https://doi.org/10.1080/026404 10500432193

Ortega, F. B., Artero, E. G., Ruiz, J. R., Espafia-Romero, V., Jiménez-Pavén, D.,
Vicente-Rodriguez, G., Moreno, L. A., Manios, Y., Beghin, L., Ottevaere, C.,
Ciarapica, D., Sarri, K., Dietrich, S., Blair, S. N., Kersting, M., Molnar, D.,
Gonzalez-Gross, M. G., A., & Sjostrom, M., ... HELENA study. (2011).
Physical fitness levels among European adolescents: the HELENA study.

207


http://cdeporte.rediris.es/revista/revista79/artanalisis1169.htm
http://doi.org/10.15366/rimcafd2020.79.010
https://doi.org/10.1177/1356336x16658882
https://doi.org/10.1371/journal.pone.0251972
https://dialnet.unirioja.es/descarga/articulo/5004620.pdf
http://archivosdemedicinadeldeporte.com/articulos/upload/or04_barrueco-ingles.pdf
http://archivosdemedicinadeldeporte.com/articulos/upload/or04_barrueco-ingles.pdf
https://doi.org/10.15446/revfacmed.v68n4.78052
https://doi.org/10.1080/02640410500432193

Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

British Journal of Sports Medicine, 45(1), 20-29.
https://doi.org/10.1136/bjsm.2009.062679

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjostrdm, M. (2008). Physical fitness in
childhood and adolescence: a powerful marker of health. International journal
of obesity, 32(1), 1-11. https://doi.org/10.1038/sj.ij0.0803774

Paineau, D., Chiheb, S., Banu, ., Valensi, P., Fontan, J.-E., Gaudelus, J., Chapalain,
V., Chumlea, C., Bornet, F., & Boulier, A. (2008). Comparison of field methods
to estimate fat mass in children. Annals of human biology, 35(2), 185-197.
https://doi.org/10.1080/03014460801914874

Palomino-Devia, C., & Gonzalez-Jurado, J. A. (2017). Body composition and
physical fitness in Colombian high school students from Ibagué. Biomeédica.
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-
41572017000300408

Parra, L. N., Canto, E. G., & Guillamén, A. R. (2020). Valores de Condicién Fisica
relacionada con la Salud en adolescentes de 14 a 17 afos; relacion con el
estado de peso. Retos: nuevas tendencias en educacion fisica, deporte y
recreacion, 37, 215-221.
https://dialnet.unirioja.es/servlet/articulo?codigo=7243271

Raimann, X., & Verdugo, F. (2012). Actividad fisica en la prevencion y tratamiento
de la obesidad infantil. Revista Médica Clinica Las Condes, 23(3), 218-225.
https://doi.org/10.1016/s0716-8640(12)70304-8

Ramirez-Vélez, R., Rodrigues-Bezerra, D., Correa-Bautista, J. E., Izquierdo, M., &
Lobelo, F. (2015). Reliability of health-related physical fitness tests among
Colombian children and adolescents: the FUPRECOL study. PloS one,
10(10), e0140875. https://doi.org/10.1371/journal.pone.0140875

Ramos-Sepulveda, J. A., Ramirez-Vélez, R., Correa-Bautista, J. E., Izquierdo, M.,
& Garcia-Hermoso, A. (2016). Physical fitness and anthropometric normative
values among Colombian-Indian schoolchildren. BMC public health, 16, 1-15.
https://doi.org/10.1186/s12889-016-3652-2

Rodriguez Torres, A. F., Rodriguez Alvear, J. C., Guerrero Gallardo, H. ., Arias
Moreno, E. R., Paredes Alvear, A. E., & Chavez Vaca, V. A. (2020).
Beneficios de la actividad fisica para nifos y adolescentes en el contexto
escolar. Revista Cubana de Medicina General Integral, 36(2).
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-
21252020000200010

Rosa-Guillamoén, A., Carrillo-Lopez, P. J., & Garcia-Cantd, E. (2020). Analisis de la
condicion fisica segun sexo, edad, indice de masa corporal y nivel de
actividad fisica en estudiantes de primaria en Espafia. Revista de la Facultad
de Medicina, 68(1).
https://revistas.unal.edu.co/index.php/revfacmed/article/view/69977

Rowland, T. W., & Others. (1996). Developmental exercise physiology. Human
Kinetics Publishers.

Ruiz, J. R., Castro-Pifero, J., Artero, E. G., Ortega, F. B., Sjostrom, M., Suni, J., &
Castillo, M. J. (2009). Predictive validity of health-related fitness in youth: a
systematic review. British Journal of Sports Medicine, 43(12), 909-923.
https://doi.org/10.1136/bjsm.2008.056499

208


https://doi.org/10.1136/bjsm.2009.062679
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1080/03014460801914874
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-41572017000300408
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-41572017000300408
https://dialnet.unirioja.es/servlet/articulo?codigo=7243271
https://doi.org/10.1016/s0716-8640(12)70304-8
https://doi.org/10.1371/journal.pone.0140875
https://doi.org/10.1186/s12889-016-3652-2
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21252020000200010
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21252020000200010
https://revistas.unal.edu.co/index.php/revfacmed/article/view/69977
https://doi.org/10.1136/bjsm.2008.056499

Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

Ruiz, J. R., Ramirez-Lechuga, J., Ortega, F. B., Castro-Pinero, J., Benitez, J. M.,
Arauzo-Azofra, A., Sanchez, C., Sjostrom, M., Castillo, M. J., Gutierrez, A.,
Zabala, M., & HELENA Study Group. (2008). Artificial neural network-based
equation for estimating VO2max from the 20 m shuttle run test in adolescents.
Artificial intelligence in medicine, 44(3), 233-245.
https://doi.org/10.1016/j.artmed.2008.06.004

Salazar, C. M., Valencia, R. T. M., Elizondo, M. G. V., & Valdivia, J. D. R. (2008).
Analisis descriptivo del IMC, habilidad motriz y deporte extraescolar en nifios
y nifas de once afos. Educacion Fisica y Ciencia, 10, 125-138.

Salgado, S., Vallejo, N., Arteaga, K., Juan, C., Cuesta, & Lourdes. (Marzo, 2018).
Borrador de informe sobre el control politico realizado al Ministerio de
Educacion respecto a su actuacion para combatir la violencia sexual contra
nifias, nifios y adolescentes en unidades educativas. Educacion.gob.ec.
https://educacion.gob.ec/wp-
content/uploads/downloads/2018/03/INFORME-CONTROL-POLITICO-
EDUCACION-remitido-Sesion-20.pdf

Santander, M. D., Garcia, G. C., Secchi, J. D., Zuiiga, M., Gutiérrez, M., Salas, N.,
& Arcuri, C. (2019). Physical fitness standards in students from province of
Neuquén, Argentina. Physical Fitness Assessment Plan study. Arch. Argent.
Pediatr, 117, e568-e575.

Santos, R., & Mota, J. (2011). The ALPHA health-related physical fithess test battery
for children and adolescents [Review of The ALPHA health-related physical
fitness test battery for children and adolescents]. Nutricion Hospitalaria:
Organo Oficial de La Sociedad Espanola de Nutricion Parenteral Y Enteral,
26 (6), 1199-1200. https://doi.org/10.1590/S0212-16112011000600001

Secchi, J. D., Garcia, G. C., Espana-Romero, V., & Castro-Pifero, J. (2014).
Physical fithess and future cardiovascular risk in argentine children and
adolescents: an introduction to the ALPHA test battery. Arch Argent Pediatr,
112(2), 132-140. https://doi.org/10.5546/aap.2014.132

Silva, D., Monteiro Teixeira, D., De Oliveira, G., Petroski, E. L., & Marcio de Farias,
J. (2016). Aerobic fitness in adolescents in southern Brazil: Association with
sociodemographic aspects, lifestyle and nutritional status. Revista Andaluza
de Medicina del Deporte, 9(1), 17-22.
https://doi.org/10.1016/j.ramd.2014.11.002

Silva, G., Aires, L., Mota, J., Oliveira, J., & Ribeiro, J. C. (2012). Normative and
criterion-related standards for shuttle run performance in youth. Pediatric
exercise science, 24(2), 157-169. https://doi.org/10.1123/pes.24.2.157

Soares, N. M. M., Silva, R. J. d. S., Melo, E. V. d., & Oliveira, A. C. C. d. (2014).
Influence of sexual maturation on cardiorespiratory fitness in school children.
Revista Brasileira de Cineantropometria & Desempenho Humano, 16, 223-
232. https://doi.org/10.5007/1980-0037.2014v16n2p223

Solis-Urra, P., Sanchez-Martinez, J., Olivares-Arancibia, J., Castro Pinero, J.,
Sadarangani, K. P., Ferrari, G., Rodriguez-Rodriguez, F., Gaya, A.,
Fochesatto, C. F., & Cristi-Montero, C. (2021). Physical fithess and its
association with cognitive performance in Chilean schoolchildren: The Cogni-
Action Project. Scandinavian journal of medicine & science in sports, 31(6),
1352-1362. https://doi.org/10.1111/sms.13945

209



https://doi.org/10.1016/j.artmed.2008.06.004
https://educacion.gob.ec/wp-content/uploads/downloads/2018/03/INFORME-CONTROL-POLITICO-EDUCACION-remitido-Sesion-20.pdf
https://educacion.gob.ec/wp-content/uploads/downloads/2018/03/INFORME-CONTROL-POLITICO-EDUCACION-remitido-Sesion-20.pdf
https://educacion.gob.ec/wp-content/uploads/downloads/2018/03/INFORME-CONTROL-POLITICO-EDUCACION-remitido-Sesion-20.pdf
https://doi.org/10.1590/S0212-16112011000600001
https://doi.org/10.5546/aap.2014.132
https://doi.org/10.1016/j.ramd.2014.11.002
https://doi.org/10.1123/pes.24.2.157
https://doi.org/10.5007/1980-0037.2014v16n2p223
https://doi.org/10.1111/sms.13945

Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 92 - ISSN: 1577-0354

Stewart, A., Marfell-dones, M., Olds, T., & De Ridder, H. (2011). International
standards for anthropometric assessment (ISAK). New Zealand: Lower Huitt.

Sudrez, W., & Sanchez, A. J. (2018). indice de masa corporal: ventajas y
desventajas de su uso en la obesidad. Relacién con la fuerza y la actividad
fisica. Nutricion Clinica, 12(3-2018), 128-139.

Tambalis, K. D., Panagiotakos, D. B., Psarra, G., Daskalakis, S., Kavouras, S. A,,
Geladas, N., Tokmakidis, S., & Sidossis, L. S. (2016). Physical fithess
normative values for 6-18-year-old Greek boys and girls, using the empirical
distribution and the lambda, mu, and sigma statistical method. European
Journal of Sport Science: EJSS: Official Journal of the European College of
Sport Science, 16(6), 736-746.
https://doi.org/10.1080/17461391.2015.1088577

Terraza, H., Rubio Blanco, D., & Vera, F. (2016). De ciudades emergentes a
ciudades sostenibles. Inter-American Development Bank.
https://publications.iadb.org/en/handle/11319/8150

Thomas, S., Reading, J., & Shephard, R. J. (1992). Revision of the physical activity
readiness questionnaire (PAR-Q). Canadian Journal of Sport Sciences =
Journal Canadien Des Sciences Du Sport, 17(4), 338-345.
https://www.ncbi.nim.nih.gov/pubmed/1330274

Tomkinson, G. R., Carver, K. D., Atkinson, F., Daniell, N. D., Lewis, L. K., Fitzgerald,
J. S, Lang, J. J., & Ortega, F. B. (2018). European normative values for
physical fithess in children and adolescents aged 9-17 years: results from 2
779 165 Eurofit performances representing 30 countries. British Journal of
Sports Medicine, 52(22), 1445-1456. https://doi.org/10.1136/bjsports-2017-
098253

Tremblay, M. S., Shields, M., Laviolette, M., Craig, C. L., Janssen, I., & Gorber, S.
C. (2010). Fitness of Canadian children and youth: results from the 2007-
2009 Canadian Health Measures Survey. Health Reports / Statistics Canada,
Canadian Centre for Health Information = Rapports Sur La Sante / Statistique
Canada, Centre Canadien D’information Sur La Sante, 21(1), 7-20.
https://www.ncbi.nlm.nih.gov/pubmed/20426223

World Health Organization. (2007). WHO Reference 2007 STATA macro package.
World Health Organization.
https://www.who.int/growthref/tools/readme_stata.pdf?ua=1

World Health Organization. (2019). Global action plan on physical activity 2018-
2030: more active people for a healthier world. World Health Organization.
https://play.google.com/store/books/details?id=RnOyDwAAQBAJ

210


https://doi.org/10.1080/17461391.2015.1088577
https://publications.iadb.org/en/handle/11319/8150
https://www.ncbi.nlm.nih.gov/pubmed/1330274
https://doi.org/10.1136/bjsports-2017-098253
https://doi.org/10.1136/bjsports-2017-098253
https://www.ncbi.nlm.nih.gov/pubmed/20426223
https://www.who.int/growthref/tools/readme_stata.pdf?ua=1
https://play.google.com/store/books/details?id=RnOyDwAAQBAJ

