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SUMMARY

Background: Human growth and development is a complex process of bio-psycho-social changes
in children and adolescents. The evaluation of these two processes is of high importance in clinical
and anthropological contexts. The present study aimed to find out and to evaluate the velocity of
the biological growth and development during different ages of Kosovo children and adolescents
of both genders.

Materials and methods: Body Height, Body Weight, and Ideal Body Weight were measured in 68762
children and adolescents from Kosovo (66264 boys, 2498 girls). Age groups were classified into 13
categories, ages 6.0-18.9 years old. There have been analyzed the systematic differences between
males and females in the annual changing of Body Height, Body Weight, and Ideal Body Weight.

Results: Based on the results of the present study growth and development in boys can be
divided into three stages that are distinct from one another, compared with the girls’ growth and
development that can be divided into four stages. Boys have reached the Peak Height Velocity
(PHV=7.8cm), respectively the Peak Weight Velocity (PWV=6.6kg) at the age-group of 14 years
old, while girls have reached the Peak Height Velocity (PHV=8.4cm) and the Peak Weight Velocity
(PWV=12.6kg) at the age-group of 11 years old.

Conclusion: The puberty stage occurs approximately three years earlier in girls (1 1yrs) compared
with the boys (14yrs). Although the boys experience a later achievement of PHV, their growth,
and development, with reduced intensity, it continues even after the age of 18th. The girls’ body
growth and development commence earlier in age, and it reaches the maximal values earlier. This
fact suggests that males will grow more during the late stage of the adolescence compared with
females; therefore, in general males’ morphometric features tend to be larger.
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1. Introduction

The process of growth and development means the changes in the body tissues structure, body
height, and body weight that occur from conception to the mature phase of the human being (Cossio-
Bolanos et al., 2015). In other words, growth is the result of an interaction between the body’s
endocrine (growth hormone, thyroxine, insulin, corticosteroids, leptin, parathyroid hormone, and

calcitonin) and musculoskeletal system (Neinstein, 2002).

The auxologic measurements such as body height and body weight variables measured at different
ages of the children and youth are two of the most important anthropometrical variables according
to which can be assessed the variability of the growth and development velocity during a fixed period
(Cameron, 1978; WHO, 2009). Human beings during their life, pass through different age-periods of
the morpho-functional transformations. These distinctive morpho-functional characteristics during
different age-periods, occur under dominant influences of the endogenous (genetic factors, a variety
of hormones), exogenous (environmental, nutritional, socio-economic factors, ethnicity, etc.), and
pathological factors (some diseases, medicaments, “bad habits”) (Rosenbloom, 2007). According to
Haymond et al. (2013), monitoring of the growth, disturbances are of determinant importance in
pediatric health care. While normal growth velocity is a sign of good health, the slow growth velocity
is often correlated with the pathological condition of children and adolescents. So, according to these
authors, the main reason to study abnormal growth in infants and children is to identify conditions

that may threaten good health and life.

The assessment of the body height and body weight of the children is of primary importance for

all areas of paediatrics to evaluate their general health condition (Bozzola & Meazza, 2011).

The velocity of the biological growth and development during different ages of children and youth
show variable intensity, depending on their life stage. The commencement of the rapid adolescent
growth corresponds with the beginning of the puberty stage (Iryar et al., 2012; Granados et al.,
2015; Komlos & Breitfelder, 2007; Portella et al., 2017; Stang & Story, 2005;). According to Rogol
et al. (2000), since children often have growth spurts, yearly growth velocities are more accurately
determined by taking annual measurements of the body height rather than from intervals shorter

than one year.

Although a growth spurt (peak growth velocity) in boys occurs between ages 12 and 17, while in
girls between ages 9 and 14, according to Neinstein (2002), the Peak Height Velocity (PHV) in females
occurs 18-24 months earlier than in males, as for the Peak Weight Velocity (PWV) in females, it occurs
6-9 months after reaching PHV, while in males, it coincides with PHV.

According to Juul et al. (2006), the adolescence stage begins earlier in the US population than in
Netherland population.

From the clinical practice aspect, assessment of the growth and development velocity, and the

pubertal stage of the child are highly applicable in standard diagnostic or evaluation procedures.

In the absence of these data regarding the Kosovo population, the present study aimed to find out
and to evaluate the velocity of the biological growth and development during different ages of Kosovo

children and adolescents of both genders.



Agron M. Rexhepi & Behlul Brestovei 6

2. Material and method

Research design

This study as a part of the project “The exploration of the anthropological status of Kosovo
population” was carried out at the Institute of Sports Anthropology in Prishtina, Kosovo, during
the period 2007-2016. Part of the data from this study which has to do with male entities have been
previously published in two other of our researches, which are also part of the same project (Rexhepi
et al. 2011; Rexhepi, et al. 2018).

By its nature, this research is an observational and cross-sectional descriptive study.

Site of study and sampling

Two morphometric variables (Body Height and Body Weight) were measured in 68762 children
and adolescents from Kosovo (2498 girls and 66264 boys). Ages were grouped into 13 categories from
age 6 to 18.9 years. Groups were allocated at 1-year-age-intervals. The measurements were done
during the period 2007-2016. The examined entities were chosen randomly, always respecting the rule
that their psycho-physical condition was in the normal range.

Analysing the systematic differences between males and females in annual changing of the Body
Height (BH), Body Weight (BW) and Ideal Body Weight (IBW), derives the differences in growth and
development velocity between males and females.

Measuring tools and data collection

In conformity with the International Biological Program (IBP) the following morphometric

variables were measured:

* Body Height (BH) — indicates the distance from the standing surface to the vertex of the head,
with subject’s body position in a standard erect posture, without shoes, and with the head position
in Frankfort horizontal plane. Stature was measured with a classical anthropometer (expressed in

mm);
*  Body Weight (BW) — was measured with a digital weighing scale (expressed in kg);

* Ideal Body Weight (IBW) — using the Vanderval equation this measurement was calculated for each
group of the examined entities.

The statistical analyses were performed with the IBM SPSS Statistics software package, version
20. The obtained data were analyzed in term of the descriptive statistical parameter - Mean value.

Ethical considerations. This project was approved by the Ethics Committee of the Institute of
Sports Anthropology.

3. Results and discussion

Data of table I show general information regarding the number of examined entities, their group
ages, the mean values of the growth and development velocity, and the ideal body weight calculated
for each age group.
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Table 1.
Age groups, Number of estimated entities, Body Height (BH), Body Weight (BW) and Ideal Body
Weight (IBW) for boys and girls

Boys Girls
Mg g MeanBH R N amined Mean BH
01 enities (cm) (ke) (ke) entities (ke) (ke)
6 117 120.3 29.1 99.7 57 119.1 20.2 99.1
7 347 125.1 94.2 25.0 138 123.2 21.5 24.1
8 657 130.6 27.5 28.4 156 128.0 24.3 26.8
9 1278 136.0 30.8 31.6 194 134.9 27.9 31.9
10 9997 140.8 34.1 34.5 101 140.3 33.6 34.2
11 4722 145.5 37.0 37.0 72 149.4 46.2 40.1
12 7714 150.4 40.4 40.1 93 153.7 46.4 43.1
13 9127 156.8 45.5 47.8 157 158.1 49.0 49.1
14 9196 164.6 52.0 55.6 245 162.0 53.0 54.1
15 9223 171.0 58.4 61.0 337 163.2 55.3 56.2
16 8365 174.8 63.2 64.8 367 163.4 57.1 56.4
17 7205 176.7 66.1 66.7 315 163.8 57.4 56.8
18 6086 177.7 68.2 67.7 266 163.5 58.2 56.5

According to the results of the present study, although the body growth and development velocity
in boys continues through all ages in variable intensity, the body height and body weight show a
similar intensity of growth during childhood and adolescence (Tables I, II).

Growth and development in boys can be divided into three stages that are distinct from one another:

* The first stage includes age groups of 6-12 years old. In this stage, body height growth of 4.7 to 5.3
cm can be observed. Meanwhile, body weight growth from 2.1 to 3.4 kg.

* The second stage includes age groups of 12-13, 13-14, and 14-15 years old. This stage distinct
from other stages with the rapid increase of the body height growth velocity (6.5cm, 7.8cm,
6.3 cm) and the body weight growth velocity (5.1kg, 6.6kg, 6.4 kg), reaching the Peak Height
Velocity (PHV=7.8cm), respectively Peak Weight Velocity (PWV=6.6kg). This stage of growth and
development in boys can be referred to as the early stage of adolescence, respectively the rapid
stage of puberty;

* The third stage includes age groups of 15-16, 16-17, and 17-18 years old, and characterised with
the dropping of the intensity in BH and BW growth. The body height growth velocity drops to
3.9 cm, 1.9 cm, and even to 1 cm to age groups of 17-18 years old, while the body weight growth
velocity drops to 4.7 kg, 2.9 kg, and 2.1 kilograms of the corresponding age groups. Both of
these anthropometric parameters (BH, BW) in boys do not show a stagnation of values but only
a decrease in intensity, which means that growth and development, even though with reduced
intensity, continue increasing even after the age of 18 (Tables I, IT). This stage can be referred to as
the stage of the relative stability of boys’ growth and development.
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Table II.
The annual changes of the height growth velocity (HGV) and weight growth velocity (WGV) of
males and females

Males Females
Ages (yr) HGV (cm) WGV (kg) HGV (cm) WGV (kg)

6-7 4.7 2.1 4.1 1.3
7-8 5.6 3.3 4.8 2.8
8-9 5.3 3.3 6.8 3.6
9-10 4.9 3.3 5.4 5.7
10-11 4.7 2.9 9.1 12.6
11-12 4.9 3.4 4.3 0.2
12-13 6.5 5.1 4.4 2.7
13-14 7.8 6.6 3.8 4.0
14-15 6.3 6.4 1.2 2.3
15-16 3.9 4.7 0.1 1.7
16-17 1.9 2.9 0.4 0.4
17-18 1.0 2.1 -0.3 0.8

Girls compared with boys show the different intensity of the body growth and development that

can be divided into four stages:

The first stage includes age groups of 6-7, and 7-8 years old and is characterised by a slight increase
in height growth velocity (4.1-4.8cm) and weight growth velocity (1.3-2.8kg);

The second stage includes age groups of 8-9, 9-10, and 10-11 years old. During this stage, a high
increase of height growth velocity (6.8cm, 5.4cm, and 8.4cm) and weight growth velocity (3.6kg,
5.7kg, and 12.6kg) for the corresponding age groups can be noticed. This stage is characterized by
reaching of the Peak Height Velocity (PHV=8.4cm) and the Peak Weight Velocity (PWV=12.6kg)
- it can be referred to as the rapid stage of puberty;

The third stage includes 11-12, 12-13, and 13-14 years old. Comparing to the second stage, at this
stage can be noticed a gradual decrease of height growth velocity (4.3cm, 4.4cm, and 3.8 cm) and
weight growth velocity (0.2kg, 2.7kg, and 4.0kg) for the corresponding age groups. This stage can

be referred to as the calm stage of puberty;

The fourth stage includes age groups of 14-15, 15-16, 16-17, and 17-18 years old. This stage is
characterized by almost complete stability of height growth velocity (1.2cm, 0.1cm, 0.4cm, and
-0.3cm) and weight growth velocity (2.3kg, 1.7kg, 0.4kg, and 0.8kg) for the corresponding age
groups. A relative stabilisation is achieved at the age groups of 17-18 years (BH = 163.8 cm; BW
= 58.2 kg) (Tables I, II, Figures 1, 3).

The Ideal Body Weight (IBW) value is related closely to Body Height; therefore the increase of

BH has a significant impact in IBW too (Table I). Analysing attained data from measuring the BW of

Kosovar adolescents, can be concluded that the BW of the examined boys and girls is relatively close

with their IBW, with the tendency of gaining more weight after the age of 18th. It is of importance
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to mention that the greater quantitative differentiation of the IBW is observed when the highest PHV
occur (boys aged 14th; girls aged 11th) (Table I).

According to the gained results of this study, the Peak Height Velocity (PHV) coincides with the
Peak Weight Velocity (PWV) in both groups (boys and girls). The PHV and PWYV in boys occur during
the 14th year of their life, while in girls during the 11th year of their life. So, the maximum growth
velocity of the body height and body weight in the group of boys occur approximately three years
later compared with the group of girls (Table I, II, and Figure 2), unlike the results of Neinstein (2002)
where this difference is 1.5 - 2 years. Also, the PHV in boys from Kosovo is averaging 1.3 cm less than
in girls, compared with the results of Neinstein (2002) and Fryar et al. (2012) where PHV in boys from
the USA is averaging 2 cm more than in girls.

Itis also of great importance to note that the decrease of height growth velocity and weight growth
velocity in boys are realised after the age of 15, whereas in girls after the age of 14 (Table I, II, and
Figure 2).

Figure 1.
Annual body height growth attained for Kosovo boys and girls

Figure 2.
Annual growth differences in body height for Kosovo boys and girls
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Figure 3.
Annual body weight growth attained for Kosovo boys and girls

Figure 4.
Annual growth differences in body weight for Kosovo boys and girls

For comparison reasons on Table III are shown values of the PHV for boys (14 years old) and girls
(11 years old) from Kosovo, USA (non-Hispanic and non-Asiatic population) and Netherland.

The peak velocity of the body height growth is reached in the same adolescent age-group of three
different nationalities. While the boys of three different nationalities have shown similar values of
PHYV, the girls from Kosovo have shown the higher value of the PHV compared with the girls of two
other nationalities (Komlos & Breitfelder, 2007).

Table III.
Peak Height Velocity (PHV) and for adolescents from Kosovo, USA, and Netherland
Boys = 14 yo Kosovo USA Netherland
Girls = 11 yo Boys Girls Boys Girls Boys Girls

PHV 7.8 cm 9.1 cm 7.1 cm 6.8 cm 7.3 cm 6 cm
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The highest values of body height (BH) and body weight (BW) for boys and girls (aged 18th) from
Kosovo, USA (non-Hispanic and non-Asiatic population) and Netherland are shown in Table I'V.

Table IV.

Maximum values of Body Height for adolescents from Kosovo, USA, and Netherland
Boys = 18 yo Kosovo USA Netherland
Girls = 18 yo Boys Girls Boys Girls Boys Girls
Body Height 177.7 163.8 177.7 164.2 182.9 170

Based on the data obtained from Table IV, it can be concluded that Kosovar boys and girls of age
18 have similar growth rate with the American coevals. Meanwhile, Dutch adolescents of the same

age have shown higher values of the body height compared to same-age coevals from Kosovo and
USA (Komlos & Breitfelder, 2007).

Future Research

Given the importance of the clinical practice of adolescent normative values of PHV, PWV, BH
and BW, the importance of future studies to involve a larger number of entities from all age groups

increases proportionately.

Practical Application

The gained results may be used and applied in clinical and anthropological contexts.

4. Conclusion

According to the results of this study, it can be concluded that the boys’ Peak Height Velocity and
the Peak Weight Velocity have been achieved at the age group of 14 years old, while in girls at the age
group of 11 years old. Since, the commencement of the rapid adolescent growth corresponds with
the beginning of the puberty stage, according to the results of this study it can be concluded that this
stage of life occurs approximately three years earlier in girls (aged 11 years) compared with the boys

(aged 14 years).

Although the boys experience alater achievement of PHV and PWV, their growth and development,
even though with reduced intensity, it continues even after the age of 18. Meanwhile, the girls’ body
growth and development commence earlier in age, and it reaches the maximal values more prior.
This fact suggests that males will grow more during the late stage of the adolescence compared with

females; therefore, in general males’ morphometric features tend to be larger.
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RESUMEN

Antecedentes: el crecimiento y desarrollo humano es un proceso complejo de cambios
biopsicosociales en ninos y adolescentes. La evaluacién de estos dos procesos es de gran
importancia en contextos clinicos y antropologicos. El presente estudio tuvo como objetivo
descubrir y evaluar la velocidad del crecimiento y desarrollo biologicos durante diferentes edades
de nifios y adolescentes de ambos sexos de Kosovo.

Materiales y métodos: se midio6 la altura y el peso corporal y se estimé el peso corporal ideal en
68762 nifios y adolescentes de Kosovo (66264 ninos, 2498 ninas). Los grupos de edad se clasificaron
en 13 categorias, con edades entre 6.0-18.9 afios. Se analizaron las diferencias entre hombres y
mujeres en el cambio anual de altura y peso corporal y peso corporal ideal.

Resultados: Segun los resultados del presente estudio, el crecimiento y el desarrollo en los niflos
se pueden dividir en tres etapas que son distintas entre si, en comparacion con el crecimiento
y el desarrollo de las nifias que se pueden dividir en cuatro etapas. Los niflos han alcanzado la
Velocidad de Altura Maxima (PHV = 7.8cm), respectivamente, la Velocidad de Peso Maximo
(PWV = 6.6kg) en el grupo de edad de 14 afios, mientras que las nifias han alcanzado la Velocidad
de Altura Maxima (PHV = 8.4cm) y la velocidad maxima de peso (PWV = 12.6 kg) en el grupo
de edad de 11 afos.

Conclusion: la etapa de la pubertad ocurrié aproximadamente tres afos antes en las nifias (11
afios) en comparacion con los nifios (14 afios). Aunque los nifios experimentan un incremento
posterior de PHV, su crecimiento y desarrollo, con intensidad reducida, contintia incluso después
de los 18 afios. El crecimiento y el desarrollo corporal de las nifias comienzan mas temprano
en la edad y alcanzan los valores maximos antes. Este hecho sugiere que los hombres creceran
mas durante la etapa tardia de la adolescencia en comparacién con las mujeres; por lo tanto, en
general, las caracteristicas morfométricas de los hombres tienden a ser mas grandes.

Palabras clave: estatura, peso corporal, pubertad.




