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Abstract: Introduction and objectives (1): It is currently important to be able to establish logical plans
for physical work and/or nutrition aimed at achieving optimal levels of performance and wellbeing.
To achieve this, it is crucial to understand anthropometric data and how they relate to body type
and, above all, how they associate with parameters linked to health. The present study, therefore,
proposed to examine intersexual morphological differences and to determine the existing relationship
between somatotype and BMI in a sample of school sports players from Huacho (Peru). Material and
methods (2): A descriptive, comparative, correlational, and transversal study was delivered within a
sample of 294 students (165 males and 129 females). Participants were aged between 12-16 years
and regularly participated in team sports at competitive school level. All participants took part
in the anthropometric examination in order to determine their somatotype and body mass index
(BMI). Results (3): Significant differences were found to exist between the sexes in practically all
of the anthropometric measures. The data demonstrated a high index of overweight and obesity.
Further, the zones of occupation of the somatochart for both populations showed a displacement
towards endomorphism, and that the level of typological similarity between populations was 30.54%.
Conclusions (4): Results indicate a serious need for training so that adolescent students acquire
healthy habits and lifestyles.

Keywords: somatotype; adolescents; sexual dimorphism

1. Introduction

Generally speaking, reviewing the main literature in relation to the study topic points to a scarcity
of anthropometric studies carried out within adolescent school populations. The few studies that were
found referred to aspects related to body composition and/or body mass index (BMI).

As has been noted by Lozano and collaborators [1], this type of work is very scarce in Peru,
even when considering studies focused on the problem of obesity and overweight. When enquiring
about somatotype, research studies were even more difficult to find, particularly those that refer to
typological aspects in general populations in Peru [2]. The Latin American country Chile is highlighted
as having produced the majority of relevant work [3-5]. This type of research is starting to emerge in
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other countries, but almost always, studies tend to refer to sportspeople from various specialities [6-8]
or even to those who participate in artistic specialities [9]. In the majority of cases, these tend to be
centred on older ages, with very few studies found using adolescents or younger children [10].

Itis also important to indicate that although body mass index and somatotype are considered as two
universally accepted indicators, and have shown associations in studies of growth and development,
no studies examining Peruvian populations have been found that incorporate these elements. On the
other hand, it should be noted that BMI is considered to be a simple and quick indicator for determining
the nutritional status of an individual or population. Normally, this has been considered as an
instrument for use almost exclusively within adults. This puts into doubt its effectiveness in studies of
adolescent and child populations. Currently, the World Health Organisation (WHO) recommends that
reference charts be developed and that BMI be utilised when studying adolescent populations [11].

Cabafias [12] points to somatotype as an indicator of health, given that it describes both the
physical state and its variation over time, characterising structural changes throughout different life
stages. Its use is also recommended for psychological studies. Further, other authors describe aspects
of the somatotype that are not only related with sporting performance, but also with diseases linked to
nutrition. For this reason it could be a useful instrument for disease detection [13].

In this sense, and keeping in mind what has previously been discussed, it is of vital importance
to collect first order anthropometric data from different school populations. These data should refer
to their typology and, above all, how these relate to parameters linked with health. This will enable
logical work plans for physical work and/or nutrition to be established that are aimed at achieving
optimal wellbeing levels.

Thus, the present study proposed, as its general research objective, an examination of the
intersexual morphological differences. Further, it determined the existing relationship between
somatotype elements and BMI in school sports players from Huacho (Peru).

2. Materials and Methods

2.1. Design

The present study was descriptive, transversal, comparative, and correlational in nature.

2.2. Participants

When determining the sample, the latest information published by the Ministry of Education
of Peru was considered. This detailed that the secondary school population of Huacho comprised
6163 students. This was determined using a 5% error rate, 50% variability, and a confidence level
greater than 92%. Finally, the participant sample was composed of a total of 294 individuals, of which
165 were male and 129 female, with self-reported ages of between 12 and 16 years. All students
who participated in the study belonged to different schools or academic centres within the locality of
Huacho, of which 5 of these centres were private, whilst 4 were public centres.

Students were randomly selected, the number of students in the locality was taken as a reference
in order to recruit proportional numbers of males and females who were being schooled at private and
public institutions and were regularly engaging in team sports at official school sport competitions at
interschool level. Initial screening was used to eliminate students who were not of Peruvian descent or
whose parents and grandparents were not natives of the province of Santa Maria, where the city of
Huacho is located.

As general exclusion criteria, the presence of malformations or anatomical physiological illnesses
was considered. In addition, individuals were excluded if their high obesity index led to insurmountable
difficulties when taking certain anthropometric measurements.
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2.3. Instruments

In order to evaluate the different anthropometric measurements of individuals participating in the
present study, the following instruments were employed: weight (P) was determined using a SECA
869 flat weighing scale (SECA, Germany) with a precision of 100; contracted arm circumference (PB)
and thigh circumference (PP) were measured with a Lufkin W606PM fixed measurement tape with the
measurement unit set at millimetres (Lufkin, EE.UU.); size (T) was obtained by using a Siber-Hegner
anthropometer (GPM, Suiza), with a precision of 0.1 cm; to measure the bicondylar diameter of the
femur (DBiFem) and epicondylar humerus width (DBiHum), a curved Siber-Hegner compass (GPM,
Suiza) was used with a precision of 1 mm; and for the adipose panicles of the triceps (PT), subscapular
region (PSbE), supraspinal region (PSpE), and the thigh (PMP), a Holtain “Tanner/Whitehorse” (Holtain,
United Kingdom) adipometer was used with 0.2 mm graduation and 10 gr/mm?2 pressure. All of the
measurements were taken from the left side of the body with the individual being measured being
barefoot and dressed in as little clothing as possible.

2.4. Procedure

Prior to commencing the work, the research was approved by the ethical committee of the José
Faustino Sanchez Carrion National University of Huacho. It counted on the participation of researchers
at universities in Spain, Ecuador, and Peru. The research complied with all aspects of the Declaration
of Helsinki in relation to work with human beings. Further, it received approval from the parents or
guardians of the students for their participation in the study.

All variables were obtained following recommendations described by the International Society for
the Advancement of Kinanthropometry (ISAK) [14]. Measurements were taken at least twice in order
to observe agreement between repeated measures [15]. In cases where the difference found between
measures was greater than 1%, the participant was measured again once 30 minutes had passed from
the previous measurement.

For the identification of somatotype, and of its endomorph, mesomorph, and ectomorph
components, the anthropometric method of Heath and Carter was used. This method was also
employed for the graphic representation of data via a somatochart [16]. The method proposed by
Duquet and Carter for categorisation of overall somatotype was used [17]. The distance between
somatotypes was calculated through the equation proposed by Ross and Wilson [18] and was analysed
according to the strategy proposed by Hebbelinck, Carter, and De Garay [19]. BMI was determined
following the equation proposed by Quetelet: BMI = weight (kg)/height (m?2). In order to calculate the
similarity index, proposals described by Ross were utilised [20].

The statistical program SPSS version 22.0 was used for the processing and analysis of data.
Various descriptive statistics were analysed and possible significant differences between variables were
established according to sex and between groups of different ages. All variables were also examined
via the Kolmogorov—-Smirnov test, apart from weight, which did not present a normal distribution.
In the case of the latter, the Mann—-Whitney U and Kruskal-Wallis statistical tests were used. An error
of « = 0.05 was applied in order to establish the significance level of the aforementioned comparisons,
with which we assumed a 95% confidence interval and a 5% error rate.

3. Results

The means and standard deviations of all variables were recorded as measures of central tendency
and dispersion, alongside their minimum and maximum values. Table 1 shows the values obtained
both in the male group and the female group, in addition to the results of the comparisons between the
populations. In all cases, the differences found were highly significant (p < 0.001), except in the medial
calf skinfold measurement, which produced a different significance output (0.01 > p > 0.001).
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Table 1. Variables for the calculation of somatotype and body mass index (BMI), and the comparison between males and females.

Basic Measures Skinfold Measures Circumference Diameter
Height Weight Triceps Subscap Suprsp Leg Arm Leg BiHum BiFem
Mean 156.71 54.98 18.38 15.03 18.11 19.62 26.65 33.23 5.92 8.77
Overall SD 8.18 10.75 7.77 7.65 9.59 9.79 3.69 3.40 0.69 0.86
n=29% Max. 173.72 88.88 45.45 46.46 42.42 49.49 46.46 44.44 8.69 11.11
Min. 139.59 34.45 4.95 3.96 4.16 6.44 20.30 23.27 4.46 4.95
Mean 160.52 58.40 17.43 13.59 16.71 18.40 27.49 34.31 6.22 9.20
Males SD 7.87 10.80 9.12 7.73 10.43 10.20 2.73 3.22 0.60 0.72
n=165 Max. 173.72 88.88 45.45 40.40 42.42 46.46 32.32 44.44 8.48 11.11
Min. 141.08 36.83 4.95 3.96 4.16 6.44 20.79 27.72 4.85 5.54
Mean 151.84 50.51 19.59 16.87 19.91 21.19 25.57 31.85 5.45 8.22
Females SD 5.58 8.91 5.39 7.15 8.08 9.03 4.41 3.13 0.62 0.68
n=129 Max. 169.68 77.77 37.37 46.46 40.40 49.49 46.46 39.39 8.69 9.70
Min. 139.59 34.45 10.40 7.92 7.92 9.90 20.30 23.27 4.46 4.95
Males Z —8.892 —6.429 -4.075 -5.326 -3.832 -3.467 —6.544 -6.192 -9.770 -11.71
Vs.
S Sig. 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.001 ** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
Females

Note: (n/s) p > 0.05; (*) 0.05 > p > 0.01; (**) 0.01 > p > 0.001; (***) 0.001 > p.
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Average values for height in males increased with age from 153.20 +/— 7.6 cm within the 12 year
old group, reaching up to 165.86 +/— 5.5cm within the 16 year old group. Amongst females, height
went from 151.25 +/-5.3 cm at 12 years old, to 153.41 +/— 4.84 cm at 16 years old. Though in this
case, values corresponding to the intermediate ages remained relatively stable. In the case of weight,
minimum values in both males and females corresponded to the 12 year old group and maximum
values corresponded to 16 year olds. However, the 13, 14, and 15 year old groups demonstrated
relatively stable values (12 year old males: 52.42 +/-13.01 kg; 16 year old males: 63.22 +/— 7.12 kg);
(12 year old females: 47.94 +/-11.65 kg; 16 year old females: 52.34 +/— 5.15 kg). Highly significant
results were found between all age groups for both height and weight (p < 0.001).

Table 2 offers data relating to body mass index and the three somatotype components (endomorphic,
mesomorphic, and ectomorphic), in addition to the coordinates found in the somatochart (X and Y) for
the previously mentioned groups. These are presented along with the statistical comparisons made
between the overall values of each group.

Table 2. BMI, somatotype components, and comparisons between males and females.

Somatotype Components Somatoc. Coordinates
BMI Endomorphy = Mesomorphy Ectomorphy X Y
Mean 22.31 5.38 4.02 1.98 -3.39 0.68
Overall SD 3.67 2.10 1.33 1.30 3.20 3.07
n=2% Max. 33.81 10.29 8.48 6.14 2.97 7.03
Min. 16.06 1.52 0.95 0.10 -10.19 —-8.55
Mean 22.68 4.83 441 211 -2.71 1.87
Males SD 3.93 2.30 1.10 1.37 3.49 2.47
n =165 Max. 33.81 10.29 7.83 6.14 2.07 6.47
Min. 16.06 1.52 1.13 0.10 -7.50 -3.10
Mean 21.84 6.08 3.53 1.82 —4.26 -0.83
Females SD 3.25 1.56 1.44 1.19 2.55 3.10
n=129 Max. 32.17 9.91 8.48 423 1.02 5.20
Min. 16.94 3.20 0.95 0.10 -8.00 —-6.23
Males Z -1.279 —-5.323 —6.581 -1.674 —4.362 -7.610
Vs.
s Sig. 0.201 n/s 0.000 *** 0.000 *** 0.094 n/s 0.000 *** 0.000 ***
Females

Note: (n/s) p > 0.05; (*) 0.05 > p > 0.01; (**) 0.01 > p > 0.001; (***) 0.001 > p.

With regards to BMI, no overall significant differences were found between males and females.
None of the individuals within either of the two groups could be classified as “underweight”. Following
examination of the individuals classified as “normal weight”, we found that 59.70% of females and
61.82% of males conformed to this description. The remaining 40%, approximately, was unequally
distributed amongst males and females. Females were further categorised as 29.46% “overweight”
and 10.85% “obese”, in comparison to 18.79% “overweight” and 19.40% “obese” in the case of males.

Following the analysis of somatotype according to its components (Table 2), highly significant
differences could be observed to exist when comparing mesomorphy and endomorphy (p < 0.001).
When we conducted a comparison with ectomorphy, no differences were observed in this component
according to sex (p > 0.05).

Following the transformation of the three components into X and Y coordinates in order to locate
them within the somatochart, we could confirm that the comparison was again highly significant
(p < 0.001). We can see that males are generally concentrated within an area that is higher up the chart
(mesomorphic and endomorphic components) than the space occupied by females (endomorphic
components) (Figures 1 and 2).
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Figure 1. Somatochart providing an overall representation of male participants, mean somatotype, and
area of influence of the dispersion index of the population.
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Figure 2. Somatochart providing an overall representation of female participants, mean somatotype,
and area of influence of the dispersion index of the population.

When the seven variables defined by Duquet and Carter [17] were utilised as categorical variables,
the highest percentage found relating to endomorphy was identified as 83.72% for females compared to
45.45% for males. In the endomorph-mesomorph, mesomorph, and mesomorph-ectomorph categories,
females produced a value of 0% for all of these categories. Percentages found for males were 7.27%,
23.03%, and 8.48%, respectively. When considering ectomorphism and ectomorphy-endomorphy,
we obtained percentages of 2.32% and 4.65%, relative to 4.24% and 1.82% between females and males,
respectively. Finally, we found a similar percentage located in the central zone when comparing
females and males: 9.30% and 9.70%, respectively (Table 3).
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Table 3. Comparison of sports players according to sex corresponding to the Duquet and Carter zones.

SOMATOCHART ZONE Females Males

Endomorphic zone 83.72% 45.45%
Endo-mesomorphic zone 0% 7.27%
Mesomorphic zone 0% 23.03%
Meso-ectomorphic zone 0% 8.48%
Ectomorphic zone 2.32% 4.64%
Ecto-endomorphic zone 4.24% 1.82%
Central zone 9.30% 9.70%

Table 4 presents the correlations found between BMI and the somatotype of participants. Firstly,
correlations obtained between absolute BMI values are presented according to males, females, and the
overall population, alongside the absolute values for the somatotype components and the coordinates
that correspond to the somatochart.

Table 4. Correlations between BMI and somatotype.

Option A: BMI - Somatotype Components Option B: Spearman Rho
(Continuous Values) BMI-Somatotype Categories
Overall Males Females Overall Males Females

Endomorphy 0.697 0.761 0.703

Mesomorphy 0.594 0.657 0.548

Ectomorphy -0.933 -0.929 —-0.955 —-0.461 —0.648 —-0.233
X coordinate —-0.833 -0.877 —-0.898

Y coordinate 0.425 0.352 0.475

In all cases p < 0.001.

The values observed can be seen to fall between the positive correlation r = 0.548 for the
mesomorphic component in females and r = —0.955 in the ectomorphic component, also in females.
With regards to the coordinates, we found a very high correlation between the x-axis and BMI that was
always lower than —0.830. This association indicates to us that individuals with a high body mass
index are normally situated on the left-hand side of the somatochart, tending towards endomorphic
zones. On the other hand, individuals with a low BMI will be situated in zones pertaining to the
ectomorphic component.

Also in Table 4, we found results of the Spearman rank correlation relating the BMI categories
associated to underweight, normal weight, overweight, and obesity with the seven somatotype
categories previously presented in line with Duquet and Carter [17]. In all cases p < 0.001, however
males were found to produce somewhat stronger correlations than women between BMI and
somatotype categories.

Table 5 shows that the dispersion distance between the average somatotype of the male population
and that of the female population was 3.808. Following specifications laid out by Hebbelinck, Carter,
and De Garay [19], this difference in distance was significant (p < 0.05) given that it was greater
than two. Further in the same table, dispersion indices for both of the populations studied can be
observed. This dispersion index is defined as the average distance between the somatotypes of all
of the participants of one population in relation to the mean somatotype of the reference population.
It has the same meaning as the standard deviation of a population.
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Table 5. Mean somatotype, dispersion index, and distance between somatotype means.
Mean Somatotype Dispersion Index Distance between
Coordinates (SDI) Somatotype Means (SDD)
Male population X=-271,Y=187 SDI = 5.81
3.808
Female population X=-426,Y=-0.83 SDI = 4.68
Males Z=-3.073
Vs. -
Females Sig. = 0.002 ***

Note: (n/s) p > 0.05; (*) 0.05 > p > 0.01; (**) 0.01 > p > 0.001; (***) 0.001 > p.

In Figures 3 and 4, following the method proposed by Ross [20], it can be observed that both

populations overlap. The area resulting from the intersection is considered as the similarity value
between populations and is only 30.54%.

MESOMORPHY 14

i
\
1

]

FEMALES

1 L
25 o 5

ENDOMORPHY  —~~ == mememm==—=

&

-
p—

ECTOMORPHY &

4 7 6 5 4 3 2 14 0 1 2 3 4 5 6 7 8
Figure 3. Somatochart showing areas of influence of the dispersion indices of both populations,
dispersion index values, and the distance between somatotype means.
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Figure 4. Somatochart with representation of the area of similarity between populations through the
Iindex.

4. Discussion

The BMI values uncovered in our population are not consistent with those presented by Cahuana
and collaborators [21], who studied a similarly aged adolescent population in Lima. They found that
22.1% of participants were “underweight”, 38.3% were “normal weight”, 36.7% were “overweight”,
and 2.9% were “obese”. However, these authors did not clarify whether the reference they took to make
this classification was that of the general BMI or that adapted to this age group by the WHO, as was the
case in the present study. These data also differ from those presented by Alvarez and colleagues [22].
Their study indicated that according to the National CENAN-INSOMS study on the nutritional state of
schoolchildren and adolescents in Peru, 10.9% of evaluated adolescents aged between 10 and 19 were
overweight according to BMI. This equated to 9.6% of males and 12.5% of females. Likewise, obesity at
this age was found to be at 3.3%, this being apparent in 3.8% of males and 2.6% of females. The values
found in that study for underweight are similar to the values found in the present study, with neither
exceeding 1%.

In comparing the BMI results obtained in the present work with other populations of non-Peruvian
adolescents, we found varied information. The percentage of global obesity found by researchers at
the University of Granada [23] in the south of Spain was similar to that found in Huacho. However,
in contrast to the Peruvian population, females in the Spanish sample presented a higher percentage of
obesity (males presented 12.6% and females 15.1%). According to data collected by Martinez and their
team [24] from the Ministry of Health in Chile, data for overweight and obesity suggest only slightly
lower levels than those found in Huacho. In this case, overweight and obesity was found in 33% of
pubertal schoolchildren. In Argentina, other authors [25] have described moderate percentages of
overweight (20.8%) and obesity (5.4%), with obesity being much less prevalent here than what we
uncovered in the present study. Alvarez and their team [22] indicated that overweight and obesity
predominate in Metropolitan Lima and along the Peruvian coast. This fact may be at least partly
explained by the greater urbanisation and economic development seen in these areas in comparison to
the other regions of Peru.

In agreement with that previously presented, it can be said that Peru currently finds itself going
through a transitional process characterised by chronic malnutrition, nutritional anaemia, and obesity.
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The latter is a direct consequence of modernity, which includes sedentary behaviour, sugar-rich foods,
sodium, saturated and trans-fats, greater presence of children and young people inside their homes
distracting themselves with the TV, internet and videogames, and a physical activity deficit [26].
Likewise and in agreement with various authors, it must be mentioned that this country presents a
concerning prevalence for obesity, as do other countries in the region. In fact, only Chile and Mexico
exceed Peru with regards to obesity in adolescents, with prevalence also being higher in males than in
females [27].

With regards to the status of the population shown by the somatochart, regrettably, practically
no research exists on somatotype that has been conducted within adolescent populations. Practically
all those that were found refer to elite sportspeople. This means it is not possible to conduct a
highly reliable comparison with the population of Huacho that was studied in the present study.
The population that we studied came from Peru and was composed of schoolchildren who participated
in sport competitively for their school. Gomez and collaborators [28] described a Peruvian population,
but one that demonstrates different characteristics to the present sample as they focused on boys and
girls living in populations at an altitude higher than 2000 metres. For this reason, their sample logically
presents particularities in their growth and body composition [29].

When studying same-sex groups of school sports players, it can be seen that the endomorph
component showed greater variability. Variability decreased notably in the mesomorph and ectomorph
components, which had much lower indices of variability. This coincides with the results of work
conducted by Ruderman and colleagues [29]. Work carried out by Silva and their team [3] did not
find any significant differences between males and females. This can be explained by the fact that this
previous work was carried out in an academic centre with a high economic status.

On the other hand, multiple studies conducted in India [30,31], Spain [32-34], Hungary [35],
Argentina [29], and Chile [3] must be referenced. These demonstrated similar dispersion indices to
those found in the present work. However, significant differences between average somatotypes,
as much for males as for females, tended towards endomorphy in the city of Huacho.

The studied population could be broadened with the aim of being able to establish significant
similarities and differences between individuals who occupy different positions and enact, as a result,
different tasks during the game (goalkeeper, defender, striker).

5. Conclusions

No cases of underweight were identified in any of the individuals who participated in the present
study. A high percentage of overweight and obesity was found in the population studied. Overweight
indices were much higher in women, whilst when considering obesity, prevalence was significantly
higher amongst males. BMI values did not present significant differences between males and females.
However, when the parameters of height and weight were compared separately, these did demonstrate
differences. In the somatochart, females clearly occupied zones of strong endomorphic influence,
whilst males tended to be positioned in endomorphic and mesomorphic zones. The existing correlation
between the somatotype elements and BMI presented highly significant values, with ectomorphism
and the X coordinate standing out. In comparison with other populations, the population of Huacho
occupied lower zones in the somatochart, this being true as much for males as for females. The results
indicate that training that is directed towards adolescent students and the acquisition of healthy habits
and lifestyles is necessary.
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