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ABOUT CYPRUS 

 Cyprus is at the crossroads of Europe, Asia and Africa and is situated in the 

north-eastern corner of the Mediterranean Sea, 75km south of Turkey, 90km west of Sy-

ria and 380km east of the Greek island of Rhodes. It is the third largest island in the 

Mediterranean after Sicily and Sardinia, with an area of 9.251 km2. Of the total area 

35% is occupied by Turkish troops while 3% constitutes the territory of the British So-

vereign Areas. 

 According to data of Statistical Service of the Ministry of Finance, the total po-

pulation of Cyprus was 802.500 at the end of 2002 of whom 80.1% are considered to be 

members of the Christian Greek Cypriot community and speak Greek. Of the remaind-

er, 10.9% belong to the Moslem Turkish Cypriot community and speak Turkish, and 

9% are foreign workers and expatriates residing in Cyprus. English is widely spoken in 

Cyprus and regularly used in commerce and government. 

 The capital of Cyprus is Lefkosia (Nicosia) with a population of 208.900. It is si-

tuated roughly in the middle of the island and is the seat of the government as well as 

being the main business centre. Lefkosia has the unfortunate distinction of being the 

only divided capital in the world. Since the Turkish invasion in 1974 its northern part is 

under occupation and is separated from the south by a United Nations patrolled buffer 

zone. The second biggest town on the island is the main commercial part of Lemessos 

(Limassol) in the south of the island, also a popular tourist resort, which has a 

population of 163.900. The costal town of Larnaca in the south-east has a population of 

73.200 and is the island’s second commercial port and also an important tourist resort. 

To the south of the town is situated Larnakas’s International Airport. Pafos is the south-

west with a population of 48.300 and is a fast developing tourist resort and home to the 

is-land’s second International Airport. 

 The history of Cyprus is one of the oldest recorded in the world. From the ear-

liest times Cyprus’ historical significance far outweighed its small size. Its strategic po-
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sition at the crossroads of three continents, as well as its considerable supplies of copper 

and timber combined to make it a highly desirable territorial acquisition. The first signs 

of civilisation go back to the 9th millennium BC, while the discovery of copper brought 

wealth and trade to the island. Around 1200 BC a process began that was to stamp the 

island with an identity that is still has today: the arrival of Mycenaean – Achean Greeks 

as permanent settlers, who brought with them their language and culture. Cyprus was 

subsequently conquered by various nations and populations but, nevertheless, managed 

to retain its Greek identity, language and culture intact. The Turkish Cypriots came 

much later. They were descendants of the Ottoman Turks who occupied the island for 

more than 300 years between the 16th and 19th century, and have contributed their own 

heritage to the country. Christianity was introduced to the island during the 1st century 

AD by St. Paul himself and St. Barnabas founder of the Church of Cyprus. 

 According to the Zurich – London agreements, Cyprus became an independent 

republic on 16th August 1960. As an independent country it became a member of the 

United Nations, the Council of Europe, the Commonwealth and the Non-Aligned Move-

ment. According to the above treaty, Britain retained two sovereign bases on the island, 

at Dekeleia and Akrotiri – Episkopi. The Zurich – London agreements comprised the 

Treaty of Establishment, the Treaty of Guarantee and the Treaty of Alliance. Under the 

Treaty of Guarantee Britain, Greece and Turkey pledged to ensure the independence, 

territorial integrity of Cyprus as well as respect for its constitution. The Treaty of Alli-

ance between Cyprus, Greek and Turkey was a military alliance agreed for defence 

purposes. These agreements also became the basis for the 1960 Constitution. The 1960 

Constitution incorporated a system of entrenched minority rights unparalleled in any 

other country. The 18% Turkish Cypriot community was offered cultural and religious 

autonomy and privileged position in the state institutions of Cyprus (Turkish Cypriot 

Vice President, three out of ten Ministers of the Government and 15 out of 50 seats in 

the House of Representatives). The Turkish Cypriot leadership’s use of its extensive 

powers of veto gave rise to deadlock and inertia. In November 1963, when Cyprus’ first 

President Makarios put forward proposals for amendment of the Constitution in order to 

facilitate the smooth functioning of government, the Turkish side promptly rejected 

them, arguing that the Constitution could not be amended without the entire indepen-

dence agreement being revoked. The Turkish Cypriot ministers withdrew the Council of 
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Ministers and Turkish Cypriot civil servants ceased attending their offices. The ensuring 

constitutional deadlock gave rise to inter-communal clashes and Turkish threats to in-

vade. Since then, and despite the fact that normality gradually returned to the island, the 

aim of the Turkish Cypriot leadership, acting on instructions from the Turkish Govern-

ment, has been the partitioning of Cyprus and its annexation to Turkey. On 20 July 1974 

Turkey, using the coup as a pretext, invaded Cyprus, purportedly to restore constituti-

onal order. Instead, it seized 35% of the territory of Cyprus in the north, an act univer-

sally condemned as a gross infringement of international law and the UN Charter. Tur-

key, only 75km away, had repeatedly claimed for decades before the invasion and fre-

quently afterwards, that Cyprus was of vital strategic importance to it. Ankara has de-

fined a host of UN resolutions demanding the withdrawal of its occupation troops from 

the island. 

 The Cypriot economy is small, robust and fairly flexible economy, and has con-

tinuously shown it is able to adapt to rapidly changing circumstances. Inter-temporally, 

the Cypriot economy is characterised by a very satisfactory rate of growth (the average 

annual rate of growth of GDP amounted to 5.1%, in real terms, over the period 1961-

2006), full employment conditions and internal and external macroeconomic stability. 

As a result, Cyprus has achieved an enviable level of real convergence with the advan-

ced economies, with a per capita GDP in 2006, expressed in purchasing power stand-

ards, standing at 76.3% of the EU 15 average, according to the latest Eurostat estimates 

of May 2004, and exceeds that of Greece and Portugal. In brief, the basic characteristics 

of the Cyprus economy are the following: 

The private sector has a dominant role in the production process. The role of the State is 

a supportive one, and concentrates mainly in: 

- Maintaining conditions of macroeconomic stability and a favourable busi-

ness climate by creating the necessary legal and institutional framework; 

- Securing conditions of fair competition; 

- Creating modern economic and social infrastructure, utilising, inter alia, 

the new instruments of public private partnership; 

- Ensuring conditions of social cohesion. 

The small size of domestic market: The population in the Government controlled area 

was 709.600 in 2002, out of which 69.1% live in urban areas and 30.9% in rural 
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areas. The small size of the domestic market constitutes an adverse factor in the 

realisation of economies of scale and in the development of satisfactory inter-

sectoral relationships. 

The small size of enterprises: According to the Registration of Establishments of 2005, 

the size of enterprises remained very small, with 4.4 persons on average per unite, 

as compared to 4.3 persons in 1995. More than half of the total number of enter-

prises, 58% employed only one person. The “micro enterprises”, that is, the enter-

prises employing less than 10 persons constituted 95% of the total, other “small-

sized” enterprises with 10-49 employees constituted 4% and “medium-sized” 

enterprises, with 50-249 employees constituted only 0.7% of the total. The large 

enterprises with a workforce exceeding 250 employees amounted to solely 67, re-

presenting 0.1% of the total number of enterprises. The small size of the business 

units hinders the exploitation of economies of scale and the adoption of advanced 

technologies and modern methods of management, production design and marke-

ting. 

The small size of labour force, given the small population base and certain quantitative 

and qualitative imbalances in the labour market: The quantitative and qualitative 

imbalances are evident both at the sectoral and occupational level and have been 

partly ameliorated by the employment, to a large extent, of foreign labour. At the 

sectoral level, the imbalances are more evident in the sectors of hotels and restau-

rants, construction, agriculture and manufacturing, whereas at the occupational 

level, the shortages are observed in technical and low-skilled occupations. 

The openness of the economy, with total imports and exports of goods and services ac-

counting for around 102% of GDP in 2005 as compared to an European Union 

average. 

The predominance and increasing importance of the service sector, which accounted for 

75.7% of the GDP and 71.5% of total gainful employment in 2005. The develop-

ment reflects the gradual restructuring of the Cypriot economy from an exporter of 

minerals and agricultural products, mainly copper, asbestos and citrus fruits in the 

period 1961-1974 and an exporter of manufactured goods, mainly clothing and 

footwear, in the later part of the 1970s and the early part of the 80s, to internatio-

nal tourists, business and services during the 1980s and 1990s. 
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There was partial dependence on the tourism sector, whose total contribution derived 

from the value added, created, either directly through the purchases of goods and 

services of tourists in various sectors of economic activity or indirectly, through 

the inter-sectoral linkages, amounted to 15-20% of GDP in the period 1990-2005. 

 Educational policies are formulated by the Ministry of Education and Culture 

and approved by the Council of Ministers. Education is provided through pre-primary 

and primary schooling, secondary general and secondary technical/vocational schools, 

special schools, third level instructions and non-formal instructions and centres. During 

the school year 2005-2006, the public kindergarten class-units were 416, while the com-

munity class-units were 90. 

 According to the Primary Education, educational programme (6 to 12 years of 

age), the aim is to create and secure the necessary learning opportunities for children re-

gardless of age, sex, family and social background and mental abilities so that they will 

be able to: 

 - Be harmoniously developed in the cognitive, emotional and psychomotor do-

mains using the means that contemporary technology offers to the maximum; 

 - Deal successfully with various problems they may face including difficulties in 

familiarising with the school and the wider environment; 

 - Promote socialisation and establish their national and ethnic identity and their 

demand of rights through legal and generally accepted procedures; 

 - Acquire positive attitudes towards learning, develop social understanding, 

combativeness and belief in human values, respect cultural heritage and human rights, 

appreciate beauty and have a disposition for creativity and love for life and nature in 

order to become sensitive in preserving and improving the environment. 

 The Gymnasio is the first 3-year circle of secondary education. Compulsory edu-

cation in Cyprus spans the primary and secondary education up to the age of 15, there-

fore tuition at the Gymnasio is compulsory. The main goal of the Gymnasio is to pro-

mote the development of pupils according to their potential and the respective require-

ments of society. The Gymnasio is a self-contained school unit of general education. It 

complements the general education offered by primary education and prepares pupils 

for the future enhanced general human education, while it also prepares them for further 

education at the Eniaio Lykeio (Lyceum) or the Technical Schools. The subjects at the 
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Gymnasio are common for all pupils. The teaching periods are 37 weekly for all three 

forms. Almost all subjects are taught at all the three forms. 

 The Lykeio cycle of the state Secondary Education offers a 3-year education 

programme for pupils aged 15 to 18. The new institution has as its main feature, the ge-

neral education (including both technological and economic education) and the deve-

lopment of an integral personality. The pupils have the options to form the timetable 

according to interests and talents. The pupil is assisted by the counsellors and the com-

mittee for the education of choices. The A form is a form for observation, guidance and 

orientation. In this form pupils have the opportunity to take calculated decisions for the 

future forms and how to form the future preparing for further studies or the labour 

market. In forms B and C the pupil attends common core subjects considered indispen-

sable for all the pupils. The pupil can select those subjects (direction) which will help in 

the preparation for the future career as well as the subjects (interest or/and enrichment) 

which will satisfy or enrich special interest or talents. The Eniaio Lykeio is also con-

nected to the following inner reforms which are essential for materialising its main pur-

suits: upgrading and supporting the form teacher, the programme “Action, Creativity, 

Social service”, making use of the school library, supporting the in-service training of 

educators, extending laboratory classes to the A form of the Eniaio Lykeio, lowering the 

maximum number of pupils per class, supporting and upgrading career guidance and 

counselling, enriching and supporting teaching material whith renewed text books as 

well as with audiovisual software and other support material and the new didactic me-

thodology which aims at reducing direct teaching and eliminating memorising data and 

mechanical reproduction. 
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Chapter 1. SIGNIFICANCE OF PROBLEM 

 

Introduction 

 The study of growth, maturation, physical activity and performance is central to 

the sport sciences, physical education, human biology, and biological anthropology. A 

significant amount of normal biological variability in adulthood, including risk of seve-

ral diseases, has its origin in the span encompassed by the prenatal period and approxi-

mately the first 2 decades of life. The biological growth and maturation of children have 

been systematically studied for more than 150 years in many countries of Europe (Tóth 

and Eiben, 2004). The basic concepts are built on a strong historical foundation in the 

medical, anthropological, and human biological sciences. 

 As children progress from birth to adulthood, growth, maturation, and develop-

ment are central processes. The relevance of these processes to physical activity and 

performance and to the understanding of human biological variability is then consider-

ed. Measurements and observations taken at different ages during infancy, childhood, 

and adolescence provide the basic information for the study of growth and maturation. 

The study of these processes is synonymous with measurement and observation. 

 The only way an individual can become an adult is through the processes of 

growth maturation, and development. These processes are quite plastic. They can be in-

fluenced by a variety of environmental factors operating on the growing and maturing 

individual. Among others nutritional intake, infant and childhood diseases, patterns of 

physical activity, and other environmental stresses interact with the individual’s genetic 

potential for growth and maturation. The net result is a wide range of variation among 

individuals. An important objective is to understand the biological variability evident 

during the growing years in terms of its origin, distribution among different populations 

and significance. Understanding the significance is quite important. Why does such va-

riation exist, and what does it mean to the individual? What is the significance of early 
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and late maturity for behaviour and performance of the individual? What are the pos-

sible significances of regular physical activity? 

 An issue of current interest is the association between growth and maturity, on 

one hand, and adult health on the other. This association, in turn emphasises the need to 

continue studies of “growth” into the adult years. For example, a small body of data 

suggests a link between low birth weight and adult hypertension, coronary heart disease 

and the co-occurrence of diabetes mellitus, hypertension, and hyperlipidemia (Flegal et 

al., 2002). The working hypothesis for this syndrome, known as the metabolic syndro-

me, is that the fetal environment influences or “programs” the progression of circum-

stances related to these disease conditions, that become manifest in adulthood. Early 

sexual maturation is associated with several cancers in adulthood (Ogden et al., 2002). 

Overweight adolescents tend to become overweight adults (Bouchard, 2000). Although 

association does not demonstrate causality, the results emphasise the need to consider 

risk factors for adult diseases within a life span framework, beginning with fetal growth. 

In addition to a basic interest in human biological variation, the study of growth, matur-

ation, performance and activity provides basic information relative to several more spe-

cific issues. As for instance: 

  status, 

  prediction, 

  tracking, and 

  comparison. 

 

 1.1 Statement of the problem 

 Above all we have to stress on one hand, there were no longitudinal or cross-sec-

tional representative human biological data collections (that may describe the growth 

pattern and also body composition of children and adolescents), in Cyprus during the 

past decades. Nevertheless, the general hypoactive lifestyle, as described by Tomkinson 

and associates (2003) is highly characteristic in our school-age and young adult gene-

rations. Consequently, the experience suggests a high proportion of overweight and obe-

se school-children. 

 The etiology of overweight and obesity includes a variety of correlates associa-

ted with the individual (age, sex), family, in a wide meaning of behaviour, and metabo-
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lism, including endocrine and neuro-endocrine variability (Bouchard, 2000a, York and 

Bouchard, 2000). Complex interactions among the correlates are important and add to 

the difficulty in specifying causes of overweight and obesity. Genotype is an additional 

factor. The involvement of specific gene in the etiology of obesity, that is, a deficiency 

in a single gene is rare. On the other hand, genes that may predispose an individual to 

obesity have been identified (Leibel, 2002). These genes probably operate through inter-

actions with specific factors in the environment. Evidence from the genetic epidemio-

logy, for example, indicates a significant familial risk for overweight and obesity is not 

entirely caused by genetic factors (Katzmarzyk et al., 1999). In other words, both fami-

lial genetic and non-genetic factors are involved in the etiology of overweight and obe-

sity. 

 The complexity of factors makes establishing a distinct etiology for overweight 

and obesity during childhood and adolescence and its association with overweight and 

obesity in adulthood difficult. The issue is more complicated when considering infants, 

children and adolescents, who are growing and maturing. Three periods during the years 

of growth and maturation have been suggested as sensitive or at risk for the develop-

ment of overweight and obesity on adulthood (Dietz, 1997): 

  the prenatal period, 

  adiposity rebound*, and 

  adolescence. 
[*The rise in BMI after it reaches its low point at about 5 to 6 years of age has been labelled the “adiposi-
ty rebound” by Rolland-Cachrea and co-workers (1984).] 
 
 In contrast, breastfeeding during infancy has been suggested to have a protective 

effect on the later development of overweight and obesity (Buttle, 2001). 

 A history of obesity during childhood and adolescence also has implications, or 

more specifically, consequences for adult health. The increased prevalence of obesity 

among children and adolescents is accompanied by an increased prevalence of obesity 

in adults in many countries throughout the world (World Health Organisation, 1998, 

2000, Katzmarzyk 2002). Data from the longitudinal studies indicate a significant track-

ing of fatness and other risk factors for disease from childhood through adolescence into 

adult-hood and of precursors of morbidity and mortality in adulthood (Guo et al., 2002). 

Obesity during childhood and adolescence is associated with elevated lipids, hyperten-

sion, hyperinsulinemia, and other risk factors for cardio-vascular disease and adult onset 
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diabetes (Gutin and Barbeau, 2000). Obesity in adulthood and related health complica-

tions have major economic implications in the health care delivering system. The esti-

mated health care costs associated with obesity in the United States in 1995 reached 

approximately 70 billion dollars (Colditz and Mariani, 2000). If the costs of the seden-

tary lifestyle are added to those for obesity, the economic implications for health care 

delivery systems in the developed countries are staggering. 
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Chapter 2. REVIEW OF THE RELATING LITERATURE 

 

Introduction 

 Richard Scammon’s (1930) curves of systemic growth provide a good starting 

point for a discussion of postnatal growth. Upon analysis of the weights of the body and 

of specific tissues and organs, Scammon proposed that the growth of different tissues 

and systems could be summarised in four patterns or curves of growth. The curves pro- 

vide a convenient means of summarising the differential nature of postnatal growth. The 

scaling of curves is relative. Size attained by each type of tissues at each age is express-

ed as a percentage of a total increment between birth and 20 years of age (100%). 

 ▪ The general curve (or body), curve describes the growth of the body as a whole 

and the growth of the most of its parts, the growth pattern of stature, weight and most 

external dimensions of the body. The general curve is also characteristic of the growth 

pattern of most systems of the body, including muscle mass, the skeleton (with the ex-

ception of certain parts of the skull and face), the respiratory system, the heart and blood 

vessels, the digestive system, and the urinary system. The growth pattern is generally S-

shaped (sigmoid) and has four phases: 

- rapid growth in infancy and early childhood, 

- steady but rather constant growth during middle-childhood, 

- rapid growth during the adolescent spurt, and 

- slow increase and eventual cessation of growth after adolescence. 

The later part of the curve continues into the third decade of life for most dimensions 

(Malina et al., 2004).  

 ▪ The neural curve characterises the growth of the brain, nervous system, and as-

sociated structures, such as the eyes, upper face, and parts of the skull. These tissues ex-

perience rapid growth early in postnatal life, so about 95% of the total increment in size 

of central nervous system and related structures between birth and 20 years of age is 
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already attained by about 7 years of age. Neural tissues show steady gain after 7 years 

of age, with a slight growth spurt during adolescence. 

 ▪ The genital curve characterises the growth pattern of the primary and seconda-

ry sex characteristics. Primary sex characteristics include the ovaries, fallopian tubes, 

uterus, and vagina in females and the testes, seminal vesicles, prostate, and penis in ma-

les. Secondary sex characteristics include breasts in the females, pubic and axillary hair 

in both sexes, and facial hair, and growth of the larynx in males. Genital tissues show 

slight growth in infancy, followed by a latent period during most of childhood. Genital 

tissues then experience extremely rapid growth and functional maturation during the 

adolescent spurt. 

 ▪ Lymphoid curve describes the growth of the lymph glands, thymus gland, ton-

sils, appendix, and lymphoid patches of tissue in the intestine. These small tissues are 

involved, in general, with child’s developing immunological capacities, including resist-

ance infectious diseases. Lymphatic tissues show rapid growth during infancy and 

childhood, reaching a maximum when children are about 11 to 13 years of age. At these 

ages, children have, on a relative basis, about twice as much lymphoid tissue as they 

have as adults. The decline of the lymphoid curve during the second decade of life is re-

lated to the involution (shrinking) of the thymus and tonsils at this time. 

 Scammon’s curves indicate the differential nature of postnatal growth. Growth 

occurs in different areas and tissues of the body at different times at different rates. 

[This pattern of growth is often called in the human biology as allometric growth 

(Schmidt-Nielsen, 1984)]. Although somewhat simplified and diagrammatic, the four 

curves give a sense of order to the structural and functional changes that occur with 

growth and maturation, however, with several exceptions. The results of our investiga-

tion focus dominantly on the changes that may develop along the pattern of general 

curve. 

 

 2.1 Growth in height and body mass 

 Stature and body weight are the most commonly used measurements in growth 

studies. Both dimensions are often routinely measure on the regular basis (e.g. in hos-

pitals, schools, and sports clubs to monitor growth status and progress). The pattern of 

growth in height and weight of age changes is similar in all healthy children, but the 
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size attained at the given age and the timing of the adolescent growth spurt vary consi-

derably from child to child. From birth to early adulthood, both stature and weight fol-

low a four-phase growth pattern (Kuczmarski et al., 2000): 

- rapid gain in infancy and early childhood, 

- rather steady gain during middle-childhood, 

- rapid gain during the adolescent spurt, and 

- slow increase until growth ceases with the attainment of adult stature. 

Both sexes follow the same course of growth. Sex differences before the adoles-

cent spurt are consistent although minor. Boys, on the average, tend to be slightly taller 

and heavier than girls. During the early part of the adolescent spurt, girls are temporarily 

taller and heavier because of their earlier growth spurt. Girls soon lose the size advanta-

ge as the adolescent spurt of boys occurs; boys catch up with and eventually surpass 

girls in body size, on the average. Given the normal range of individual variation, over-

lap exists between the sexes throughout growth and in young adulthood. The growth 

patterns and inter-sex differences are consequent irrespective of ethnic variability (Mali-

na et al., 1974), and the effects of secular growth changes (Castilho and Lahr, 2001; 

Tóth and Eiben, 2004). 

Distance or size-attained curves are commonly used for assessing the growth sta-

tus of a single child or a sample of children. In making such assessments, the size attain-

ed by a child or the average size of a group of children is compared and evaluated to 

growth data derived from the large sample of healthy children free from overt disease. 

These data are referred to as reference data. They are the points of reference in assessing 

the growth status of a child or a group of children The WHO (1995) defines a reference 

“… as a tool of grouping and analysing data and provides a common basis for compa-

ring populations.” Reference data are not standards. A standard is prescriptive and sug-

gests the way things ought to be, and as such it has an associated value judgement. Stan-

dards for the growth of children do not exist. Reference values are used. The nation-

wide and representative reference values need periodical refreshment that depends on 

the speed of changes in socio-economic conditions and/or the environmental factors 

(Bodzsár and Susanne, 1998; Olesen et al., 2000; Roche and Guo, 2001). 

 The distance and velocity curves suggest that growth in height stops at about 16 

years of age in girls and about 18 years in boys. These limits are in part a function of the 
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criteria used to define adult stature and the fact that most growth studies stop when 

children are 17 or 18 years of age, which in turn is related to schooling. Most young-

sters complete high school at these ages and are no longer readily available for study as 

they enter college or different vocational pursuits. Yet, a good number of individuals 

continue to grow in height though the college years and even into the mid-20s (Szöllősi, 

2000; Malina et al., 2004). In the series from the Fels Longitudinal Study, some indivi-

duals had their statures measured into the late 20s. Growth in height continued for a 

longer time after PHV (peak height velocity) in boys (about 8 years on the average) than 

in girls (about 6 years on the average). Although changes were rather small, growth in 

stature continued for about 10 years after PHV in about 10% of the girls and boys. 

These result based on longitudinal observations made into the late 20s emphasise the 

need to extent growth studies into the third decade of life. A significant percentage of 

individuals, males more so than females, continue to grow in height beyond 18 years of 

age, the age at which most growth studies cease (Malina et al., 2004). 

 Changes in body weight and mass index (BMI) from infancy through adolescen-

ce to young adulthood were studied by Rolland-Cachrea and associates (1991). Whereas 

body mass increases linearly with age during childhood, the BMI declines from infancy 

through early childhood. It reaches its lowest point at about 5 to 6 years of age and then 

increasees linearly with age through childhood and adolescence, into adulthood. Sex 

differences in weight and the BMI are small during childhood, increase during ado-

lescence, and persist into adulthood. Maximum rate of increase in the BMI corresponds 

to the adolescent growth spurt. We have to note, the increase in body mass and also in 

BMI is more sensitive for the environmental factors than that of in height. The increased 

sensitivity can be related to the genetic determination of body mass (Rankinen et al., 

2002). The investigators stressed: there are small genes that determine the birth weight, 

and another group of genes are responsible for the body mass increase during childhood 

up to puberty, and the third set of genes determines in part the young adult body weight. 

By Salbe and Ravussin (2000) the most important stimulus of the increase in body mass 

are: energy intake, energy expenditure, resting metabolic rate, thermic effect of food, 

spontaneous physical activity, RQ and low rates of fat oxidation, insulin sensitivity, 

sympathetic nervous system activity, leptin, some of the hormones and neuro-peptides. 

The most of these described predictors of weight gain are genetically determined meta-
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bolic traits. Mirwald and Bailey (1997) found the peak weight velocity cannot be obser-

ved in every individual. Malina and Katzmarzyk (1999) supplemented this observation 

and pointed out: The normal growth pattern or the allometric characteristics of growth 

of weight can be registered only in physically active children and adolescents. Unfortu-

nately, we did not find in the literature the exact determination about the necessary level 

and daily amount of physical activity. 

 

 2.2 Age related changes in body build 

 Physique refers to an individual’s body form, the configuration of the entire 

body rather than its specific features. The study of physique is a single aspect of an area 

of study sometimes labelled human constitution, which involves the inter-relationships 

and inter-dependency among an individual’s structural, functional, and behavioural 

characteristics. Physique or body build, is probably the single aspect of constitution that 

is most amenable to systematic study because it can be readily observed. 

 The development of physique during childhood and adolescence, and its relati-

onships with other variables such as biological maturity, performance, and behaviour 

have been studied less extensively. Relationships between components of physique and 

risk factors for cardio-vascular disease evident in adults are also apparent in childhood 

and adolescence (Malina et al., 1997), and relationships between physique and perform-

ance are generally similar in youth and adults (Malina, 1992; Mészáros et al., 2000). 

 The development of physique has central importance in the study of growth, ma-

turation, and performance. Methods for the assessment of body build have a long his-

tory. A variety of protocols have been described and almost all classify physiques into 

three categories corresponding to lateral, muscular, and linear types, which did not ac-

commodate variations in body build within among individuals (Damon, 1970). 

 The three components method of somatotype described in the Heath-Carter 

method (1967) are of particular interest because they include specific body composition 

concepts. The somatotype components in the Heath-Carter anthropometric protocol to 

derive each component are as follows: endomorphy, mesomorphy, ectomorphy. 

 Changes in mean components appear to be relatively small form childhood thro-

ugh adolescence. Allowing for variation among the samples for which data are availab-

le, several trends are suggested, particularly in the anthropometric estimates of somato-
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types. Endomorphy tends to increase with age in girls and to decrease with age in boys, 

especially during adolescence. Ectomorphy appears to increase with age up to the time 

of maximum growth in height (about 12 years of age) in girls, and then declines. Ecto-

morphy tends to increase with age in boys, and then decline in late adolescence. Meso-

morphy appears to decline with age in girls and to increase gradually with age in males, 

the increase in males is especially apparent in late adolescence. The late-adolescent de-

cline in ectomorphy in males is probably related to the late adolescent increase in me-

somorphy, which is illustrated in the generally higher values for mesomorphy at 18 

years of age (Carter and Heath, 1990; Hebbelinck et al., 1995; Katzmarzyk et al., 1998). 

 Correlations between an individual’s somatotype rating at one or several ages 

during childhood with his or her rating at another age, usually late adolescence or young 

adulthood are commonly used to estimate the stability or tracking of somatotype during 

growth (Malina et al., 2004). Note, however, that an individual’s somatotype is defined 

by the three components together. Focusing on the correlation for a specific component 

at different ages independent of ratings of the other components is not appropriate. 

 Information on the relationship between childhood and young adult somatotype 

is quite limited, very rare. Relationships between photoscopic estimates of somatotype 

in early childhood (2 to 5 years of age) and at 18 years of age are moderate, with corre-

lations of about 0.4 to 0.6 for both sexes (Walker, 1978). Relationships improve as 

children get older. 

 The two-component model for the description of physique (growth type) was de-

veloped by Conrad (1963). Since this technique was used in the evaluation of our child-

ren the technical details will be introduced in the Chapter 3, and its discussion in Chap-

ter 5 of the thesis. 

 

 2.3 Adipose tissue 

 Even though much remains to be learned about the mechanisms determining adi-

pogenesis, the differentiation of adipose cells from precursor cells, a substantial body of 

knowledge has accumulated on the phenomenon based on the use of adipose cell lines 

and cell cultures. These in vitro studies have made possible the defining of the multiple 

stages of adipose cell differentiation and the main events that characterise each stage. 

Moreover, some of the key genes and molecules involved in the promotion or inhibition 
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of the conversion from a precursor cell to a mature adipocyte have been identified. A 

thorough description and discussion of adipogenesis from in vitro studies is beyond the 

scope of this text. However, detailed and useful material can be found in the work of 

Ailhoud (2000) and Negrel (1999). 

 If a sample of human adipose tissue is obtained, several adipose cell types are 

apparent under the microscope. After excluding blood cells, endothelial cells, and other 

non-adipose material, four types of asipose or adiposelike cells can be identified. These 

are: adipoblasts (precursor cells), preadipocytes (interstitial cells or non-lipid-filled 

cells) very small adipocytes (with small lipid droplets), and mature adipocytes (Ailhaud 

and Hauner, 1998). Adipoblasts are formed during embryogenesis and are derived from 

multipotent mesenchymal cells. Whether adipoblasts can be formed during postnatal life 

has not been established. When adipoblasts become differentiated, that is, committed to 

specific path of development, they progress to stage of preadipocytes. The mechanisms 

by which adipoblasts initiate passage to this stage are presently unknown. Preadipocytes 

are characterised by the presence of a few biological markers, such as lipoprotein lipase 

enzyme and fatty acid transporter protein. At the next stage, “very small fat cells” are 

evident; they are characterised by the presence of small lipid droplets and several mar-

kers of terminal differentiation, including IGF-1. Finally, the stage of “mature adipocy-

tes” is one in which the fat cells have a diameter in the normal adult range and are char-

acterised by the expression of several genes, including those for fatty acid binding pro-

tein, glucose transporter 4, hormone-sensitive lipase, adipsin, TNF-alfa, angitensinogen, 

and others. 

 Adipose tissue hyperplasia in postnatal life of human being is thought to occur 

from the population of existing adipoblasts and preadipocytes. At present, no evidence 

exsists fro in vivo and in vitro studies to the effect that mature adipocytes contribute in 

any way to the expansion of fat cell number under physiological or even pathophysio-

logical conditions (Negrel, 1996), although cell death (apoptosis) of mature adipocytes 

is known to occur. 

Despite the fact that the in vivo molecular mechanisms involved in the differen-

tiation process across the four stages (identified earlier) are not well under-stood, seve-

ral relevant transcription factors, co-activators, and nuclear receptors have been charac-

terised (Spiegelman et al., 1999). These structures are known to be involved in the re-
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gulation of gene expression in adipocytes and are presumed to participate in the adipo-

genesis program. 

 An important finding from the past decade of research is that exposure to as 

high-fat diet early in postnatal life can have consequences on adipogenesis and fat cell 

number (Malina et al., 2004). 

  2.3.1 White and brown adipose cells 

 Even though brown adipose tissue accounts for less than 1% of the adipose mass 

in human adults, it has some unique features that are relevant to the study in adipose 

tissue during growth. 

 White adipose is composed of fat cells (adipocytes), which generally contain a 

single, large droplet of lipid, primarily in the form of triglycerides. The nucleus of the 

adipocyte, and cell organelles of the cytoplasm (i.e., mitochondria and others) are com-

pressed to the outer edge of the cell between the lipid droplet and the cell membrane. 

Adipocytes are arranged in a network of lobules of different sizes and shapes that are 

held together by fibres of connective tissue. When a sample of adipose tissue is re-

moved from a specific area of the body and the adipocytes after digestion of the colla-

gen matrix, they appear round in shape. Under a light microscope, isolated adipocytes 

can be counted and measured. Diameters vary from about 25 μm to 150 μm. Smaller 

cells are generally defined as immature or lipid-unfilled cells, which are in transition to-

ward a state of mature adipocyte (Cannon et al., 1999). 

 White adipocyte is relatively well inervated and highly vascularised. Hence, adi-

pocytes are inter-connected with a vast network of capillaries. White adipose tissue in 

humans is distributed throughout the body. On average, a moderate proportion of the to-

tal adipose tissue is found internally around the viscera, kidneys, liver, and other organs, 

but the largest proportion is distributed more superficially and serves as the reservoire 

of subcutaneous fat. Thus, in addition to its role as the site of the ultimate deposition of 

unwanted calories and other biological functions, white adipose tissue provides mecha-

nical protection and insulation for the body and its most vital organs (Malina et al., 

2004). 

 The brown adipose cells have several features that are quite different from the 

white adipose cell. It contains several small lipid droplets in contrast to a single large 

lipid vacuole. The nucleus is not compressed to the periphery of the cell as in the white 
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adipocyte. The brown fat cell is generally smaller than the white adipocyte. Diameters 

range from about 15 μm to 50 μm. Their brownish appearance is caused primarily by a 

high concentration of cytochromes and cytochrome enzymes in the abundant mito-

chondria and to the rich vascular supply and, in turn, hemoglobin content of the tissue 

(Cannon et al., 1999; Fried et al., 1999). 

 In contrast to the white adipose tissue, brown adipose tissue in humans is present 

only certain areas of the body, primarily around the kidneys, in the back of the neck, 

and in the inter-scapular region of the back in the newborn infant. After infancy, brown 

adipose tissue involutes and disappears in most areas of the body. 

 The capacity of brown adipose tissue to generate heat (thermogenesis) has re-

ceived considerable attention because of the possible relationship with energy balance 

and, in turn, obesity (Himms-Hagen and Ricquier, 1998). Whether brown adipose tissue 

has a significant role in the human overweight and obesity is doubtful, but some ques-

tions have not yet been answered. In general, thermogenesis is proportional to the con-

sumption of oxygen, which is coupled to oxidative phosphorilation and ensuing syn-

thesis of ATP. The coupling between cellular respiration and ATP regeneration occurs 

in all cell types. In essence, the coupling between the two processes is related to a pro-

ton (H+) gradient across the inner mitochondrial membrane. When metabolic substrates 

are combusted in the mitochondria, the flow of electrons creates potential differences 

sufficient to pump protons outside to the mitochondria (Adams, 2000). The resulting 

proton gradient favours the return of protons, which are translocated through the memb-

rane and ATP synthetase leading to ATP formation. 

 With age, brown adipose tissue cells accumulate lipid and become more unilo-

cular with a single large fat droplet like white adipocyte. Fat cells at sites that contain 

brown adipocytes in the foetus and infants have been suggested to be inactive brown fat 

cells (Himms-Hagen and Ricquier, 1998). The fate of these cells in adults remains un-

known. 

 During postnatal life, white adipose tissue expands because of the interactive 

changes in the size of adipocytes and cellularity of the adipose tissue organ (Bonnet, 

1981). Thus, adipocyte number increases from about 5 billion at birth to about 30 to 50 

billion in the non-obese young adult. Concomitantly, the average diameter of adipocytes 

increases from about 30 to 40 μm at birth to about 80 to 100 μm in the young adult. The 
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adipose organ consists of about 0.5 kg of fat at birth in both males and females and in-

creases to approximately 10 kg inb males and 14 kg in females in young normal-weight 

adults (Malina et al., 2004). 

 Increase in adipocyte size (hypertrophy) and number (hyperplasia) are needed to 

accommodate the energy storage needs of the growing organism. Adipose tissue growth 

-promoting factors and hormones as well as inhibitory factors are involved in the 

complex regulation of the growth in adipocyte size and number. The prevailing energy 

balance conditions can obviously have a strong impact on the unfolding of the adipo-

genic program during the growing years. Postnatal changes in adipose tissue not only 

relate to the morphological features of adipocytes but also pertain to the metabolic pro-

perties of the tissue (Spiegelman and Flier, 1996). 

 We should keep in mind that studying adipose cell properties and comparing fat 

depots in children and adolescents require the consent of the child and parents in ad-

dition to an approval of the procedures by an institutional review board (Salbe and Ra-

vussin, 2000). The review board is responsible for the protection of human subjects in 

human experimentation and is not generally supportive of using invasive procedures in 

children, unless the benefits to the individuals are much greater than risks incurred. For 

these reasons, data on the topics of adipose size and cellularity as well as metabolic pro-

perties in infants, children, and adolescents are few. 

  2.3.2 Abdominal visceral fat during growth 

 Abdominal visceral fat is also labelled deep-omental, internal, or intra-abdomi-

nal fat. It is the fat tissue that is located around the viscera, deep in the abdominal 

cavity. The omental and mesenteric depots have the unique characteristics of draining in 

the portal vein. The perirenal depots in the visceral fat compartment do not have portal 

drainage. Methodological advances in computerised tomography and magnetic resonan-

ce imaging have made assessment of visceral fat possible in humans. Data on this im-

portant fat depot are relatively scarce in children and adolescents, but they are expand-

ing rapidly. 

 Visceral fat can be detected as early as 4 years of age (Goran et al., 1995). The 

mean visceral fat area at the level of umbilicus in 16 children, 4.4 to 8.8 years of age, is 

8 cm2. This amount of visceral fat represents about 10% of the visceral fat area 

commonly seen in normal-weight young adults. However, most of the visceral fat de-
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tected at these early ages is believed to be extraperitoneal or surrounds the kidneys. It 

does not drain into the portal vein. On average, abdominal fat areas at the level of the 

fourth and fifth lumbar vertebrae do not increase much during childhood or even 

adolescence. Mean areas around 30 cm2 are typically seen during childhood. In a longi-

tudinal study of 138 children, with a mean age of 8.1 years, the gain visceral fat ave-

raged 5.2 cm2/year (Huang et al. 2001). At adolescence, mean values cluster around 40 

to 50 cm2. These mean visceral fat areas are well below those observed during adult-

hood. However, the mean values are from studies based primarily on normal-weight 

children and adolescents. Significantly higher levels of visceral fat, a twofold to three-

fold increase at times, are observed in overweight and obese children and adolescents 

(Goran, 1999). 

 In adults, the amount of abdominal visceral fat is strongly correlated with total 

adiposity. Thus, correlations between visceral fat areas and fat mass are in the range of 

0.5 to 0.8 in several studies. The correlations imply that those with higher levels of adi-

posity have more visceral adipose tissue. This condition also holds true in children and 

adolescents, as suggested by a study of children 4 to 10 years of age (Goran et al., 

1997). In this sample, the correlation between visceral fat area and fat mass was 0.81. 

These high correlations are concordant with the observation that overweight and obese 

children have more abdominal visceral fat. However, considerable individual difference 

exists in amounts of visceral fat at any level of overall adiposity. 

 

 2.4 Body composition 

 Body weight is a gross measure of the mass of the body, which can be studied at 

several levels from basic chemical elements and specific tissues to the entire body. The 

area of study that is labelled body composition attempts to proportion and quantify body 

weight or mass into its basic components. Over the past 10 to 15 years a significant pro-

gress has been made in the development and refinement of techniques to estimate the 

composition of the body so that virtually all components of the body can now be measu-

reed or estimated. 

 The two-component model has traditionally had the widest application in the 

study of body composition. The lean aspect of body weight is referred to as fat-free 

mass (FFM), and the remainder is fat mass (FM). The term lean body mass is more ap-
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propriate. Fat-free mass is a biochemical concept, whereas lean body mass is a more 

anatomical concept that includes some essential lipids. FM is a more labile of the two 

components. It is readily influenced, for example, by habits of diet and physical activity. 

A shortcoming of the two-component model is the heterogeneous composition of the fat 

free mass. It includes, water, protein, mineral (bone and soft tissue mineral), and glyco-

gen, which were difficult to measure with the available technology. 

 The age-associated and sex-associated variation in FFM, FM, and percent fat 

were studied in every detail by Malina and associates (1988) and Malina (1989). Fat 

free mass follows the growth pattern like that of stature and weight, and sex differences 

become clearly established during the adolescent growth spurt. Young adult values of 

FFM are reached earlier in females, at about 15 to 16 years of age compared with 19 to 

20 years of age in males. In the late adolescence and young adulthood, males have, on 

the average, an FFM that is about 1.5 times larger than that of females. The average fat 

free mass of young adult females is thus only about 70% of the mean value for young 

adult males. The difference reflects the mean adolescent spurt in the muscle mass and 

the sex difference in stature in young adulthood. Sex differences in FFM per unit stature 

are small in childhood and early adolescence, but after 14 years of age males have more 

FFM for the same height as females. The sex difference increases with age. Young adult 

males have about 0.36 kg of FFM for each centimetre of stature, whereas females have 

only 0.26 kg of FFM for each centimetre of stature. 

 Estimated FM or total-body fat increases during the first 2 or 3 years of life and 

then shows a little change through 5 or 6 years of age (Boileau, 1996). The sex differen-

ce in FM is negligible at these ages. Subsequently, FM increases more rapidly in girls 

than I boys. Fat mass increases through adolescence in girls, but it appears to reach a 

plateau or to change only slightly near to the time of adolescent growth spurt in boys. In 

contrast to FFM, females have, on the average, about 1.5 times the FM of males in the 

late adolescence and young adulthood. 

 Relative fatness (body fat expressed in a percentage of total body weight) in-

creases rapidly in both sexes during infancy and then gradually declines during early 

childhood (Heymsfield et al., 1997). Girls have a slightly greater percentage of body 

weight as fat than boys during infancy and early childhood, but from 5 to 6 years of age 

through adolescence, girls consistently have a greater percentage of body fat than boys. 
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The relative fatness of females increase gradually through adolescence in the same man-

ner as FM. Relative fatness is also increases gradually in males until just before the ado-

lescent growth spurt (about 11 to 12 years) and then gradually declines. Percent fat re-

aches its lowest point at about 16 to 17 years of age in males and then gradually rises 

into young adulthood. Thus in contrast to estimates of fat mass relative fatness declines 

during male adolescence. The decline in percent fat is caused by the rapid growth of 

FFM and the slower accumulation of FM at this time. Hence, fat contributes a lesser 

percentage to body weight in male adolescence. 

 The relative accuracy of FFM, FM, and percentage fat derived from composite 

values based on Db (density of body) for diverse samples in the literature can be evalu-

ated by comparing them to the corresponding estimates of FFM, FM, and percent fat 

based on a multi-component model. 

Estimated fat free mass, fat mass, and percent fat in the mixed-longitudinal ana-

lysis of subjects (aged between 8 and 23 years) from the Fels Longitudinal Study (Guo 

et al., 1997) were compared to body density. The estimates for the composite sample 

and the Fels mixed-longitudinal sample were quite similar in males, whereas the esti-

mate for FFM is greater in the composite sample of females. Males gain almost twice as 

much FFM as females over adolescence, and females gain about twice as much FM as 

males. The net result is the decline in relative fatness in males and an increase in re-

lative fatness in females. 

 

 2.5 Conclusions based on the review of literature 

 The evaluation of growth status requires reference data or “growth charts”. Most 

body dimensions follow the same pattern of growth as height and weight, whereas body 

proportions show different patterns. Height and weight are rather stable (i.e., they track 

well across childhood and adolescence). Corresponding data for other dimensions are 

limited. The increase in body mass with age is more sensitive for the environmental ef-

fects than stature. The BMI also tracks well, but interpretation of BMI as an indicator of 

fatness in children and adolescents needs caution. 

 Variation in somatotype among children and adolescents is considerable, and the 

difference between sexes is largely in the distribution of somatotypes in samples of boys 

and girls. Somatotype is a moderately stable characteristic of the individual from late 
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childhood on, but variation during adolescence is associated with individual differences 

in the timing and tempo of the adolescent growth spurt and sexual maturation. 

 Adipose cells are highly complex organs that are involved in the storage of ener-

gy in the form of triglyceride and delivery of metabolic fuel in times of fasting starva-

tion. Recognition that adipocytes are also endocrine and secretory cells is growing. 

They are involved in the regulation of energy balance, energy demands of exercise, glu-

cose and insulin metabolism, lipid metabolism, immunity, feedback regulation of adipo-

genesis, production of cytikines, estrogens, and other hormones, regulation of blood 

pressure, and other processes. The two major types of adipose tissue are brown and 

white. Brown adipose tissue is a highly thermogenic organthat accounts for less than 1 

% of fat mass in the adult. Adipocytes in white adipose tissue increase in size and num-

ber from birth through childhood and adolescence into young adulthood. The distribu-

tion of adipose tissue in the body currently of considerable clinical interest, and major 

changes occur during childhood and adolescence. Intraindividual and interindividual 

differences in the profile of fat deposition are associated with hormonal levels and meta-

bolic properties of the adipocytes. Males accumulate proportionally more adipose tissue 

on the trunk during adolescence compared with females. New technologies (CT, MRI) 

permit differentiation of subcutaneous and visceral adipose tissue in the abdominal area, 

and sex difference in visceral adiposity appears to occur during late adolescence when 

males accumulate proportionally more visceral adipose mass than females. 

 Models and methods for partitioning and quantifying body weight or mass into 

components and the limitations of applying the methods to children and adolescents are 

initially discussed. Data for children and adolescents are based on a blend of traditional 

and more recently refined techniques. Major changes in body composition, specifically 

FFM, FM, occur during childhood and especially in adolescence when major sex differ-

ences are established. Presently available longitudinal data indicate the FFM tracks mo-

derately well from childhood through adolescence in both sexes, whereas FM and per-

cent fat are less stable characteristics. 
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Chapter 3. AIMS AND HYPOTHESISES 

 

 3.1 Aims of the study 

 The present cross-sectional growth study is definitely a health-related approach 

and it has the following aims: 

• The basic aim of the study was to determine the growth pattern of Cypriot boys along 

the age group differences in height, body weight, body mass index, body fat con-

tent relative to body mass, and growth type indices. 

• Our second aim was to estimate the prevalence of overweight and obese children and 

adolescents within the population. 

• The third aim was to create the standards for the estimations of morphological age and 

prediction of young adult stature. These information may have stressed importan-

ce during the selection of young athletes. 

 3.2 Hypothesises 

 Taking into account the relatively high and solidly increasing life standard in the 

country the growth pattern of our subjects should follow the healthy way of child deve-

lopment determined by Scammon (1930). The more or less delayed growth can certain-

ly be excluded, but the smaller sizes refer to the ethnic characteristics. We stress, the ge-

neral pattern of postnatal growth is quite similar from one individual to another, but 

there is considerable individual variability in size attained and rate of growth at different 

ages. 

 Since the marked changes in body proportions appear during the final stage of 

endocrine maturation (Malina et al., 2004) by the timing of peak body linearity (indica-

ted by the metric index means), a slightly earlier biological maturation of Cypriot boys 

can also be supposed. This difference (comparing to the Central European populations, 

described by Tóth and Eiben in 2004, Mészáros and associates in 2006) can be attribu-

ted only in part to the life standard and lifestyle basically it has source from the Medi-
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terranean climate. We suppose also the phenomenon of “midgrowth spurt” in our 

sample. 
[In addition to the well-defined adolescent spurt, children may show a small growth spurt in stature and 

weight several years before the onset of the adolescent growth spurt. This spurt during childhood, usually 

between 6.5 and 8.5 years of age, is called the midgrowth spurt. A sex difference in the timing of maxi-

mum velocity of the midgrowth spurt is not apparent, but the spurt occurs more frequently in boys than in 

girls (Sheehy et al., 1999).] 

 By the knowledge of nutritional habits, sedentary lifestyle of our school-age po-

pulation is greater than the European average (WHO 1998, Zsákai and Bodzsár, 2007) 

prevalence of overweight and obese children can be supposed. In our opinion the pro-

portion of the two unhealthy nutritional states increases with age, but no remarkable dif-

ference was supposed between the prevalence of overweight and obese children and 

adolescents. 

 Because the processes of growth and development in Cypriot boys will not differ 

from their Hungarian counterparts the theoretical bases of the estimation of morpholo-

gical and the prediction of final stature developed by Mészáros and Mohácsi (1983) can 

use in our children without restrictions. But, according to the supposed high prevalence 

of overweight and obese individuals, it can not be excluded, however, the suggested fat 

correction (Szmodis et al., 2007) of plastic index may have significant importance du-

ring the estimations. 

 The growth processes are difficult to study directly because only the outcomes 

of these processes, that is, size attained by the body and specific segments and tissues 

can be measured. According our experiences (the sedentary lifestyle) we should suppose 

consistently different relative age group differences between the increase in height and 

body weight. 

 3.3 Limitations 

 According to the obligatory prescriptions of the Helsinki Declaration and World 

Medical Association (1998) this comparison was limited to volunteer boys exclusively, 

above all because the investigators and also the staff members were males. Although we 

have been endeavoured to ensure the children’s random participation in the investiga-

tion, the refusal of parents (very rarely the children) and the school principals may limit 

the totally randomised data collection. The habitual physical activity was not controlled 

in this study. Consequently we have only estimations about the proportion of physically 
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active (athletic) children and adolescents. According to the information of the Ministry 

of Education and Culture, their prevalence is below 7.5%. Because of the very low sub-

ject’s number, the athletic and non-athletic comparison has not real importance. An 

additional limitation is, that the youngest child in our study is 5.51-year-old. So the first 

and rapid phase of growth and development cannot be evaluated and discuss in the first 

Cypriot growth study. 

 3.4 Delimitation 

 In agreement with the conclusion of Cole and associates (2000), namely: “The 

ideal definition, based on percentage body fat, but is impracticable for epidemiological 

use.”, the results of relative body fat estimation suggested by Parízková (1961) will be 

used as reference data. Since this technique was validated by the results of underwater 

weighing and densitometry (the correlation coefficients between the estimations ranges 

from 0.90 and 0.94), the possible results are definitely estimations of absolute or rela-

tive fat content of the body. We have to note more or less marked disagreement exists in 

case of qualification of overweight and obesity (Neovius et al., 2004). 

Further, we did not analyse in this study the reliability, validity and applicability 

of the basic conventional anthropometric techniques, and the growth type indices sug-

gested by Conrad (1963). 
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Chapter 4. MATERIAL AND METHODS 

 

 Introduction 

 The anthropometric data collection was carried out with the kind permission of 

the Ministry of Education and Culture (Nicosia) in various sizes and geographic loca-

tion settlements within the southern (Greek) part of the country. Beyond the permission 

of the Ministry the active co-operation of the school principals and physical education 

teachers were also the important conditions of this investigation. Among the institutions 

there were both elementary and secondary schools as well as governmental and private 

lower and higher secondary schools. 

 

 4.1 Subjects 

 A total of 4271 elementary and high-school children took part in the cross-sec-

tional data collection between 2006 and 2007. According to the prescription of the Dec-

laration of Helsinki the subjects were volunteer boys exclusively. All of them were de-

finitely Greek origin. Beyond the kind co-operation of the pupils and the school-staff 

members, the written consents of one of their parents were also collected before the 

investigation. The following settlements were involved to the investigation: 

Nicosia (the capital of the country), 

and its suburbs: Deftera, Tseri, Lakatemia, Latsia, Pallouristissa, Stro-

volos, 

other settlements: 

Pafos, Mesogi, Polis, Larnaca, Aradippou, Geri, Limassol, Germasogeia, 

Paralimni, Deryneia, Sotira. 

Frequency distribution of subjects by their calendar age is summarised in Table 

1. The children were healthy at the time of investigation. All of them took part in the 

curricular physical education classes (2 × 45 minutes in a week). Although the level of 
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habitual physical activity can definitely influence the body composition taking into 

account the low rate of extra curricular physical activity of these boys was not taken 

into consideration grouping criteria. 

 
Table 1. Distributions of subjects by age and nutritional status. 

 
Age N Normal n% OV OV% OB OB% 

6 316 284 89.87 21 6.65 11 3.48 
7 331 286 86.40 31 9.37 14 4.23 
8 334 271 81.14 46 13.77 17 5.09 
9 336 254 75.60 57 16.96 25 7.44 
10 336 242 72.02 69 20.54 25 7.44 
11 323 213 65.95 63 19.50 47 14.55 
12 325 200 61.54 66 20.31 59 18.15 
13 324 206 63.59 48 14.81 70 21.60 
14 329 221 67.17 56 17.02 52 15.81 
15 326 243 74.54 45 13.80 38 11.66 
16 326 248 76.07 43 13.19 35 10.74 
17 326 236 72.39 58 17.79 32 9.82 
18 339 251 74.05 57 16.81 31 9.14 

Sum. 4271 3155  660  456  
Abbreviations: n = number of subjects within the age group, Normal = children with 

normal body composition (F% <24.99), n% = relative frequency of normal body 
composition boys, OV = number of overweight subjects (F% is between 25.00 and 
29.99), OV% = relative frequency of overweight boys, OB = number obese (F% > 
30.00) subjects within the age group, OB% = relative frequency of obese boys. 

 

 By the information of the Ministry of Education and Culture the total number of 

schoolboys (including primary and secondary schools) was between 70.153 and 70.355 

in the school years of 2006 and 2007. Consequently the nation wide sample represents 

6.09% or 6.07% of the respective population. 

 

 4.2 Methods 

  4.2.1 The estimations of nutritional status 

 For the qualification of body composition two separate and by the required body 

dimensions independents techniques were used. Namely: the body mass index (BMI) 

and the body fat content relative to body mass (F%). 

 The BMI is the ratio of body mass and body height (BMI = body mass (kg) × 

height-2 (m). Since this ratio of the used two absolute measures increases with age sig-

nificantly in both sexes the age-dependent cut-off points (the critical weight-height pro-
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portions) for overweight and obesity (Cole et al., 2000) were used. The original table 

contains the cut-off values by 0.5yr categories. Nevertheless, the authors stressed that 

the 0.5 age range is an acceptable technique in epidemiological studies, but the scien-

tific approach requires the more accurate determination. Their suggestion was the linear 

interpolation between the mean ages. By using the original tabular data the linear inter-

polation can be executed by the following linear regression equations: 

 
BMI (overweigth) = 13.3246 + 0.6572 calendar age 

BMI (obese) = 18.393 + 0.6516 calendar age 

 
 The second basis of the qualification of nutritional status was the calculation of 

relative body fat content according to the prescriptions of Parízková (1961). This tech-

nique requires 10 skinfold thicknesses taking in both sides of the body. These are: bi-

ceps, triceps, subscapular, suprailiac and calf skinfolds. The original tabular data (the 

sums of the 10 skinfolds) of Parízková was transformed into linear regression formula 

by Szmodis and associates (1976). 

 
F% = [LN(sum of 10 skinfolds)] × 13.059 – 40.462  R = 0.999 

where: LN = natural logarithm, R = multiplied correlation coefficient which indicates 
the linear relationship between the results of original tabular scores and regression 
formula. 

 
 According to the qualification of Lohman (1992) the boys having relative body 

fat content between 25 and 30% should be evaluated as overweight, and if the F% is 

greater than 30% he is obviously obese irrespective of age, and the estimation technique 

of body fat content. 

 Those children and adolescents were categorised as overweight or obese who 

met both the cut-off values determined by Cole and associates (2000), and critical rela-

tive body fat content suggested by Lohman (1992). 

  4.2.2 Assessment of growth type 

 This relatively simple technique for the description of physique was introduced 

by Conrad (1963). The method introduces the morphological constitution along two in-

dependent indices, by which a right-angle co-ordinate system can be created. These are: 

 The metric index introduces the linearity component of the physique between the 

extremes of leptomorphic and picnomorphic constitution. According to the most recent 
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results of Mészáros and associates (2003) the genetic influence on metric index scores is 

strong. In the large sample of twins the respective heritability coefficients (h2) range 

between 0.85 and 0.92. This genetic determination is very strong and similar to the ge-

netic influence of stature. Numerically the more negative the individual metric index 

score, the more linear (leptomorphic) the physique. The slightly negative and positive 

scores indicate picnomorphic constitution. 

 

Metric index = 0.1625CHD + 0.13CHW – 0.0418BH – 0.4245 
 
where: CHD = chest depth, BH = body height, CHW = chest width (all the dimension is 

expressed in cm). 
 
 The plastic index describes and evaluates the bone-muscle development of the 

individual or group. 

 
Plastic index = shoulder width + lower arm girth + hand circumference 

 
 By the joint evaluation of the two indices the following physique categories can 

be separated: 

  ∗ leptomorphyc-hypoplastic (this constitution has increasing prevalence 

nowadays in some Central-European countries), 

  ∗ leptomorphic-normoplastic, 

  ∗ leptomorphic-hyperplastic (this constitution is almost theoretical, since 

it is very rare among the children and young adults), 

  ∗ metromorphic-hypoplastic, 

  ∗ metromorphic-normoplastic (this is the most often observed constituti-

on among the children, adolescents, and young adults), 

  ∗ metromorphic-hyperplastic (this constitution is more often among phy-

sically active children), 

  ∗ leptomorphic-hypoplastic, 

  ∗ leptomorphic-normoplastic (this body structure has a decreasing preva-

lence among school-children), 

  ∗ leptomorphic-hyperplastic (this physique is more often among the post 

adolescent and young adult athletes). 
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 We have to note: (1) The “clear” physique categories (described above) are al-

most theoretical ones, generally most of the individuals represent in a various propor-

tions of mixture of the shown clear categories. (2) The accidental combination of phy-

sique characteristic can be excluded. (3) During the evaluation of growth type of child-

ren and adolescents, the respective statistical means of metric and plastic indices should 

be used as reference. 

 As one of the measures of muscle-bone development the lean body mass (LBM, 

which contains only the essential fat) was also calculated. 

 
LBM (kg) = body mass – fat mass 

 
  4.2.3 Measurements and equipment 

 For the determination of growth type indices and calculation of relative body fat 

content and BMI 12 standard body dimensions were measured. In taking these body di-

mensions the landmark suggestions of International Biological Program (Weiner and 

Lourie, 1969) were observed. Data collections were carried out by the same two (well-

practised) investigators. 

The required body dimensions are: 
 

Height hand circumference 
body mass biceps skinfold 
shoulder width triceps skinfold 
chest width subscapular skinfold 
chest depth suprailiac skinfold 
lower arm girth medial calf skinfold 

 
 Sieber-Hegner (made in Switzerland) anthropometric set, Lange skinfold calliper 

(made in USA), steel measuring tape (made in Hungary) and the same electronic weight 

scale were used during the investigations. For the interest of statistical analysis the ca-

lendar age of children were transformed into decimal system. The IBP’s (Weiner and 

Lourie, 1969) original tabular standards and the procedure can be seen in Table Appen-

dix 1. 

 

 4.3 Statistical procedures 

 Data from the study were analysed by using Statistica for Windows software 

(version 7.1, StatSoft Inc., Tulsa, OK 74104, USA, 2006). Age group means and stan-
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dard deviations were calculated, and also the minimum and maximum score were de-

termined as descriptive statistics. 

Significant differences between the age group means were tested by one-way 

ANOVA uniformly at the 5% level of random error. In case of significant F-score, the 

Scheffé’s critical difference was determined. Differences between the means of normal 

and overweight and obese boys were analysed by t-tests for independent samples. 

Differences between the standard deviations were described by Levene-test. 

Relative frequencies of the normal, overweight and obese children and adoles-

cents were analysed chi2-test. 

 The relationship between anthropometric characteristics and relative fat content 

was evaluated by linear correlation coefficients. Differences between the significant 

coefficients were tested following Z-transformation. 

 Age dependency of the estimator variables (height, body mass and plastic index) 

was assessed by linear regression analysis. 
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Chapter 5. RESULTS 

 

Introduction 

 Results of this nation-wide cross-sectional study are divided into four parts. The 

first part contains the descriptive (mean, standard deviation, minimum and maximum) 

and comparative statistics (F) for the two basic dimensions, namely, the height and body 

mass. It is followed by the growth type indices. The third part contains the results that 

refer to the nutritional status, and finally we give the valid, national references for the 

estimation of biological development and prediction of the young adult stature. The re-

ference data are summarised in tables and the effects of overweight and obesity are il-

lustrated in figures. 

 

5.1 Height and body mass 

 The differences between the successive age group means of height were almost 

consistently significant in this study (F = 456.8). The only exception in this respect is 

the difference between the means of 17- and 18-year-old boys, where the 0.54 cm dif-

ference was not significant. The largest mean differences could be observed between 10 

and 14 years of age. The standard deviations were relatively small. The greatest within 

group variability was found in the group of 6-year-old children (5.17% of the respective 

men), and the smallest one refers to the young adult subjects (3.18%). The individual 

height scores ranged between 32.4cm and 45.5cm. The smallest range was observed in 

the 8-year-old boys and the largest one 13 years of age. It is our general observation that 

the distances between the minimum and maximum scores were larger during puberty. 

 The mean height of the overweight and obese boys (Figure 1) was significantly 

taller in 6 to 12 years of age and no statistical differences were found between 13 and 18 

years. The standard deviations in the two subgroups were identical, for the taller stature 

of overweight and obese did not refer greater within group variability in this sample. 
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Table 2. Means and standard deviations of height (cm). 
 

Age Mean SD Min. Max. 
5.51-6.50 118.82 6.14 104.6 144.4 
6.51-7.50 123.71 5.33 104.7 143.0 
7.51-8.50 129.50 5.98 114.0 146.4 
8.51-9.50 134.15 5.07 116.4 149.9 
9.51-10.50 138.05 6.01 120.7 154.5 
10.51-11.50 144.51 6.58 124.5 165.0 
11.51-12.50 150.32 7.84 129.3 173.6 
12.51-13.50 157.99 7.86 136.1 181.6 
13.51-14.50 162.65 7.03 142.6 185.0 
14.51-15.50 168.42 6.59 147.3 186.4 
15.51-16.50 172.18 6.11 156.2 194.3 
16.51-17.50 174.08 6.10 157.8 191.3 
17.51-18.50 174.62 5.56 157.7 192.9 

F/p 456.8 <0.000   
Abbreviations: SD = standard deviation, Min. = the shortest height in the group, Max. = 

the tallest stature in the group. 
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Figure 1. Effects of over-nutrition on height. 

 

 Table 3 contains the respective statistical characteristics of body mass. The age 

group differences were consistently significant (F = 523.1) at 5% level of the random 

error. The age group differences were more marked between 10 and 15 years of age. 

The standard deviations were consistently large (over 20% of the mean). The smallest 

relative standard deviation was found in the 18-year-old group, but no significant age-

dependency can be observed in the variability measures. Differences between the mini-

mum and maximum individual weights were very large. They range between 33.3 kg 
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(7-year-old boys) and 89.8 kg (in 18 years of age). In spite of the numerically larger 

ranges in the older boys, the intra-group variability was markedly greater in the groups 

of younger children before puberty. 

 

Table 3. Means and standard deviations of body mass (kg). 
 

Age Mean SD Min. Max. 
6 23.23 5.30 14.5 58.7 
7 24.74 4.63 15.2 48.5 
8 29.41 7.00 18.1 71.5 
9 32.60 6.85 19.5 61.0 
10 35.17 8.12 16.6 63.3 
11 40.95 10.21 18.8 79.6 
12 45.94 12.29 26.4 87.8 
13 53.49 12.92 26.0 91.1 
14 57.50 13.11 30.5 98.8 
15 62.83 12.55 33.7 120.0 
16 65.69 12.92 43.0 117.0 
17 69.37 12.72 46.5 129.0 
18 71.40 12.41 45.2 135.0 
F/p 523.1 <0.000   

Abbreviations: SD = standard deviation, Min. = the smallest body mass in the group, 
Max. = the heaviest body weight in the group. 
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Figure 2. Effects of over-nutrition on body mass. 

 

 Body mass means of the overweight and obese children were significantly and 

obviously heavier in all the studied 13 age groups. The mean weight differences in-

creased with age markedly. It is additional information that the standard deviations were 
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significantly larger in the group of overweight boys from 8 years of age. A marked in-

crease could be observed in the subsequent standard deviations. 

 

5.2 Growth type indices 

 The metric index (Table 4) describes the linearity of the growth type. We have to 

note again if the metric index is more negative the physique of the individual is more li-

near. The age group differences of metric index were statistically significant (F = 57.3), 

but the one year difference is consistently negligible. The trend of change in metric in-

dex can be described by a second power curve. The most negative mean (the most linear 

body build) refers to the 12-year old boys. The body linearity of 6- and 18-year-old sub-

jects can be qualified human biologically as the same. The standard deviations increase 

with age from 6 to 13 years of age, and following puberty the variability measure did 

not change in this sample. We have to note again the ranges were large they exceeded 

consistently the respective means. 

 

Table 4. Means and standard deviations of metric index (cm). 
 

Age Mean SD Min. Max. 
6 -0.93 0.25 -1.84 0.33 
7 -0.99 0.28 -1.78 -0.09 
8 -1.06 0.31 -1.95 0.20 
9 -1.09 0.31 -1.82 0.23 
10 -1.14 0.34 -2.08 0.32 
11 -1.16 0.41 -2.01 0.08 
12 -1.19 0.43 -2.07 0.32 
13 -1.15 0.49 -2.20 0.55 
14 -1.10 0.48 -2.13 0.49 
15 -1.10 0.49 -2.28 0.71 
16 -1.09 0.48 -1.98 0.48 
17 -1.02 0.47 -2.15 0.67 
18 -0.96 0.49 -2.05 1.24 
F/p 57.3 <0.012   

Abbreviations: SD = standard deviation, Min. = the most leptomorphic physique in the 
group, Max. = the most picnomorphic constitution in the group. 

 

 The over-nutrition had significant effect on body linearity (Figure 3). The over-

weight and obese boys had significantly greater metric indices in all the 13 age groups 

studied. The differences exceeded the 1 SD distance in every age group. The standard 
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deviations in the over-feed group were significantly greater from 11 years of age. How-

ever, the age dependent patterns of mean metric indices (the second power curves) were 

similar in this comparison, but the age group differences were more consistent in the 

sample of normal body composition children and adolescents. 
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Figure 3. Effects of over-nutrition on body linearity. 

 
 The difference between the two curves was the largest between 11 and 16 years 

of age. 

 

Table 5. Means and standard deviations of plastic index (cm). 
 

Age Mean SD Min. Max. 
6 58.80 3.06 51.4 72.8 
7 60.24 3.20 52.4 74.5 
8 63.39 3.92 53.5 79.2 
9 65.38 3.63 55.8 75.7 
10 66.80 4.20 55.7 81.2 
11 69.67 4.63 58.3 83.8 
12 72.82 5.18 59.7 87.9 
13 76.90 5.47 64.2 92.0 
14 79.47 5.14 61.9 94.3 
15 82.69 4.61 66.0 101.0 
16 84.59 4.23 73.5 101.7 
17 86.39 4.41 75.2 101.6 
18 86.75 4.38 72.6 101.3 
F/p 554.8 <0.000   

Abbreviations: SD = standard deviation, Min. = the smallest bone-muscle development 
in the group, Max. = the largest bone-muscle development in the group. 
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 The age dependent increase in plastic index (Table 5) was linear and consistently 

significant (F = 554.8). In spite of the moderate standard deviations the distance be-

tween the minimum and maximum plastic index scores were large in every studied age 

group. 
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Figure 4. Effects of over-nutrition on bone-muscle development. 

 

 The over-feed had significant effect on plastic index, the overweight and obese 

children and adolescents had significantly greater plastic index means. The standard de-

viations did not differ significantly in this comparison. 

 Since, the plastic index has a significant correlation with the stature (Szmodis et 

al. 2007), it may have interest to evaluate the age dependency in the height-related plas-

tic indices too. These results are summarised in Table 6, and Figure 5. The relative plas-

tic index means describe a significant second power pattern. The means were very simi-

lar in early childhood and the post-adolescent years. From 6 and 7 years of age the rela-

tive plastic index means decreased significantly up to 11 and then they are greater year 

by year. The standard deviations represent the sum of SDs in stature and absolute plastic 

index. Consequently they are small. The largest within-group variability was observed 

in 11 year of age (4.99% of the mean). 

 The effect of unhealthy body fat content on relative plastic index was consistent-

ly significant. The overweight and obese subjects had greater plastic index means on 

one hand, but on the other hand the over-feed did not modify the age related and signi-

ficant second power pattern. 
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Table 6. Means and standard deviations of plastic index relative to body height. 
 

Age Mean SD Min. Max. 
6 49.53 2.01 37.81 59.09 
7 49.10 1.78 44.60 54.72 
8 48.96 2.22 40.99 57.68 
9 48.73 2.11 44.01 56.17 
10 48.39 2.17 42.46 56.07 
11 48.25 2.41 41.06 58.63 
12 48.38 2.33 41.66 59.63 
13 48.68 2.59 40.04 58.87 
14 48.86 2.31 42.51 56.80 
15 49.11 2.32 43.51 58.12 
16 49.15 2.22 43.38 57.59 
17 49.64 2.21 42.92 56.23 
18 49.69 2.33 42.88 60.06 
F/p 5.11 0.05   

Abbreviations: SD = standard deviation, Min. = the smallest relative bone-muscle deve-
lopment in the group, Max. = the largest relative bone-muscle development in the 
group. 
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Figure 5. Effects of over-nutrition on relative bone-muscle development. 

 

 The largest difference between the means was found in the group of 6-year-old 

boys, but between 7 to 18 years of age the differences remained almost constant, cones-

quently the two curves run statistically parallel. The significant over-feed had not re-

markable effects on the standard deviations around the averages, nevertheless, the ab-

solute standard deviations were larger in the groups of overweight and obese children 

and adolescents. 
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 The lean body mass can be evaluated as one of the descriptors of bone-muscle 

development. Behnke (1969) proposed that the lean body mass and minimum weights 

are the same in males. For certain physiologic measures, values expressed in respect to 

lean body mass are particularly appropriate. LBM, which encompasses all body tissues 

except depot fat, includes the fitness-related organs (heart, lungs) as well as the mass of 

skeletal muscle. LBM, then, should be more closely related than body mass to measures 

such as VO2max, cardiac output, and muscle strength (Rowland et al., 2000). The re-

spective results can be seen in Table 7, and Figure 6. 

 Differences between the successive LMB means were statistically significant (F 

= 488.2). The standard deviations were greater by the age, and also the distances be-

tween the minimum and maximum scores were great. In the prepubescent years the ex-

tents of range were near to the means. Differences between the successive means were 

the largest during and following puberty, between 11 and 17 years of age. 

 

Table 7. Means and standard deviations of lean body mass. 
 

Age Mean SD Min. Max. 
6 18.97 3.14 12.49 39.27 
7 20.09 2.76 13.15 34.34 
8 23.29 4.05 12.02 46.33 
9 25.74 3.67 17.57 38.56 
10 27.61 4.42 12.57 41.90 
11 31.45 5.54 15.64 51.42 
12 35.70 6.86 24.33 57.63 
13 40.51 7.37 22.51 61.77 
14 43.96 7.20 24.40 67.23 
15 49.04 6.59 29.02 78.84 
16 51.62 6.68 35.91 78.54 
17 54.32 7.14 38.00 81.66 
18 55.78 6.62 37.45 84.92 
F/p 488.2 <0.000   

Abbreviations: SD = standard deviation, Min. = the smallest LBM in the group, Max. = 
the largest LBM in the group. 

 
 The overweight and obese subjects had significantly greater LBM means in all 

the 13 studied age groups, however, the age-related patterns of change did not differ sig-

nificantly. Both curves were flat-S-shaped. The standard deviations were slightly greater 

in the group of over-feed boys. Only the 7-year-old children represented exception in 

this respect. 
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Figure 6. Effects of over-nutrition on lean body mass. 

 
5.3 Nutritional status 

 The prevalence of overweight and obese children was high irrespective of sepa-

ration of two risky conditions or the results of joint evaluation (Figure 7). Both over-

weight and obesity increased with age. The joint prevalence in the group of 6-year-old 

children was “only 10.13%, near and during puberty (between 11 and 15 years) 34-38% 

of the subjects were qualified as overweight and obese. In the group of 13-year-old boys 

the relative frequency of obese boys was greater than that of the overweight. The ob-

served prevalence decreased moderately after puberty, but those were between 23.93% 

and 27.7%. 
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bars = normal body composition, shaded bars = overweight, full bars = obese). 



 47

 One of the indirect estimations of fatness is the body mass index. By the qualifi-

cation of Cole and associates (2000) this weight-height ratio indicates accurately the le-

vel of over-nutrition. The results characterise the total sample are summarised in Table 

8. The mean BMI increased with age remarkably (F = 229.6), but in general, the one 

year difference between the means is not significant. The within-group variability was 

consistently great. The largest standard deviations were characteristic between 12 and 

14 years of age. 

 
Table 8. Means and standard deviations of body mass index (kg × m-2). 

 
Age Mean SD Min. Max. 

6 16.35 2.15 10.22 26.47 
7 16.34 2.22 11.30 25.15 
8 17.41 3.20 9.89 30.54 
9 18.02 3.14 12.04 31.17 
10 18.33 3.38 7.48 31.33 
11 19.47 3.90 10.36 33.74 
12 20.06 4.13 13.38 35.08 
13 21.28 4.20 13.09 34.74 
14 21.63 4.24 14.26 35.57 
15 22.10 3.98 15.53 41.12 
16 22.12 3.94 14.73 37.74 
17 22.83 3.65 16.61 39.16 
18 23.39 3.78 15.77 43.78 
F/p 229.6 <0.000   

Abbreviations: SD = standard deviation, Min. = the smallest BMI in the group, Max. = 
the largest BMI in the group. 
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Figure 8. Means of BMI in normal body composition boys and the effects of over-

nutrition. 
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 Since, the grouping basis was the nutritional status, there were significant diffe-

rences between the BMI means of normal body composition and over-feed subjects (Fi-

gure 8). The BMI increase with age was almost linear between 6 and 18 years in the 

group of normal body composition children. The slope of increase was greater in the 

group of over-feed boys. A steep and linear increase was characteristic between 6 and 

16 years of age in the overweight and obese subjects. The 16 to 18 years differences in-

dicate a plateau. The standard deviations were consistently more marked in the group of 

over-feed children and adolescents. 

 The age dependent pattern of body fat content relative to body mass describes an 

exponential curve with a peak relative fat content in 13 years of age. The within group 

variability is consistently high it ranges between 27.50% and 29.60% of the respective 

mean. The largest minimum fat content was 10.63% (12 years of age) and the lowest 

maximum was 31.5% (7 yr). 

 

Table 9. Means and standard deviations of relative body fat content (%). 
 

Age Mean SD Min. Max. 
6 17.53 4.82 7.10 36.00 
7 17.88 5.02 7.10 31.50 
8 19.79 5.81 7.70 35.22 
9 20.43 6.33 6.70 38.00 
10 20.54 6.40 6.70 35.20 
11 21.81 6.61 8.40 36.33 
12 22.78 6.60 10.63 37.80 
13 23.09 6.62 10.10 38.73 
14 22.39 6.62 10.10 37.30 
15 20.95 6.61 9.57 41.12 
16 20.40 6.69 6.33 39.60 
17 20.90 6.14 6.86 36.70 
18 21.07 6.17 7.70 37.12 
F/p 209.2 <0.000   

Abbreviations: SD = standard deviation, Min. = the smallest body fat content in the 
group, Max. = the largest estimation in the group. 

 

 The estimated relative fat means in the normal body composition children de-

scribes a slight, but significant linear increase with age (Figure 9). This pattern in the 

group of over -feed subjects is an exponential curve, with peak fatness of 13-year-old 

boys. This mean is greater than 30%. 
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Figure 9. Differences between the estimated relative fat content means. 

 

 Interestingly there were no significant differences in general, between the stan-

dard deviations. If the result of statistical analysis was significant the greater intra-group 

variability refers to the normal body composition group. For instance this can be ob-

served in the group of 8 to 10-year old boys. 

 The high prevalence of over-feed subjects indicates the estimation of the statis-

tical relationships between relative fat (expressed in a percentage of body weight) and 

the used anthropometric variables. Table 10 contains the linear correlation coefficients 

between relative body fat content and height, weight, body mass index, metric index 

and plastic index. 

 A very moderate correlation exists between the height and relative fat content. 

This relationship is significant between 6 and 12 years of age only. The common varian-

ces of fat content and stature ranges between 11% and 13%. The correlation between fat 

content and body mass was consistently strong, and no significant age-related differen-

ces were found in the 13 age groups. The strongest, but statistically the same correlati-

ons were characteristic between the estimated body fat content and BMI. Numerically 

the greatest coefficient was found 0.88 in the group of 12-year-old boys. The relation-

ship between metric index and fat content was consistently significant, but we have to 

stress, the connection between the two variables is significantly weaker in childhood (6-

8 years of age) than during and after puberty. The correlations between plastic index 

and relative fat were significantly stronger between 6 and 12 years of age than during 

and after puberty. 



 50

Table 10. Relationship between relative body fat content and anthropometric 
characteristics 

 
Age BH BM BMI MIX PLX 

6 0.33 0.77 0.80 0.28 0.63 
7 0.36 0.76 0.79 0.34 0.60 
8 0.35 0.77 0.78 0.47 0.68 
9 0.36 0.82 0.87 0.61 0.68 
10 0.33 0.81 0.82 0.69 0.68 
11 0.34 0.84 0.87 0.67 0.69 
12 0.33 0.82 0.88 0.70 0.63 
13 0.11 0.73 0.85 0.78 0.51 
14 0.09 0.77 0.85 0.74 0.49 
15 0.02 0.76 0.84 0.72 0.43 
16 0.05 0.78 0.84 0.68 0.44 
17 0.05 0.70 0.78 0.64 0.42 
18 0.10 0.75 0.77 0.64 0.44 

Abbreviations: BH = height, BM = body mass, BMI = body mass index, MIX = metric 
index, PLX = plastic index, italic characters = the correlation coefficient is not 
significant. 

 

 The calculated common variances for F%, body weight and BMI are plotted in 

Figure 10, and for F%, metric and plastic indices in Figure 11. By the opinion of Dani-

els and associates (1995), only those relationships may have practical importance in the 

auxology, which explains more than 50% of the common variances. Nevertheless, by 

the statement of Szmodis and associates (2007) the scientific importance of any signifi-

cant correlation cannot be neglected. 
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Figure 10. Common variances of relative fat content body weight and BMI (open bars = 

body mass, full bars = body mass index). 
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Figure 11. Common variances of relative fat content metric and plastic indices (open 

bars = metric index, full bars = plastic index). 
 

 By the scaling of vertical axis of the two figures it seems to be obvious, the com-

mon biological content of relative fat and body weight or body mass index (this final 

one contains the body weight too) was remarkably greater then the common variances 

of estimated fat and growth type characteristics, but none of the mentioned measures 

and indices are not independent from body fat content. 

 

5.4 Estimation of morphological age and prediction of adult stature 

 In the course of ontogenesis, body dimensions grow nearly continuously, but this 

growth is usually not linear. The age dependent changes are known for the majority of 

dimensions. In the constitution of growth trends, age is usually regarded as the indepen-

dent variable. In everyday practice, age refers to the chronological or calendar age. This 

age is, however, a rather crude approximation of biological age because of the fact that 

unit time by the biological clock of individuals covers a rather variable life span. Accor-

dingly, the milestones of individual development appear relatively independent of chro-

nological age and this is why it is necessary to assess biological age to answer those 

questions that refer for instance to the selection of young athletes. 

 Biological age is usually estimated by describing the individual’s age with re-

spect to sexual maturity, ossification, or dentition. One should be aware, however, that 

all of these indicators are necessarily limited. In spite of this limitation, bone age, for 

instance, can give a much better estimate of biological development than calendar age. 
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The deviation between chronological age and biological development may reach the 

magnitude of years in teenagers. There are a number of situations in which is necessary 

to determine biological development by more precise means than simply referring to 

calendar age. This is particularly so when children have to be characterised by their 

physical performance, above all before and during puberty. 

 Age determination is also important when final adult height has to be predicted. 

A taller stature is of advantage in most sports. Stature was less significant for the par-

ticipants of the Olympic Games in 1960 than either Munich or in more recent times. 

Obviously, stature is also bound to be increasing importance in the detection of sport 

talents. So we are facing a period when suitably sensitive and routinely applicable meth-

ods are determined. With regard to non-X-ray procedures for the estimation of adult sta-

ture are of interest. 

These methods are, however, less accurate when transferred to other countries. 

The purpose of the present part of this thesis was to adapt a method (Mészáros et al., 

1984; 1986) by which morphological age could be suitably estimated in Hungarian 

children and adolescents. 

 Procedure: 

 A nation-wide representative sample is required to construct a diagram of height, 

body weight and plastic index with interpolated points for every quarter of a year. The 

calculated means and also the interpolated values representing the growth patterns of 

Cypriot boys are summarised in Table11. The mean stature of young adults was taken 

as 100%; percent values of height were assigned to every point of the chart. 

 These data and chronological age (expressed in decimal system) were used to es-

timate morphological age in a following manner: 

a) Decimal age is calculated by subtracting the birth date from the data of study 

by the suggestions of the International Biological Program (Weiner and 

Lourie, 1969). The original table for the decimal system transformation can 

be seen in the Table 1 of the appendices. 

b) Three other estimates of age are derived by using Table 11 – one for the sub-

ject’s stature, one for weight, and one for the plastic index obtained for the ti-

me of the study. Each of these estimates is expressed as the accurate to the 

nearest quarter of a year. 
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Table 11. Standards for the estimation of morphological age and prediction of 
young adult stature 

 
Age BH BH% BM BM% PLX PLX% 

18.00 174.62 100.00 71.40 100.00 86.75 100.00 
17.75 174.49 99.75 70.89 99.29 86.66 99.90 
17.50 174.35 99.67 70.39 98.59 86.57 99.79 
17.25 174.22 99.60 69.88 97.87 86.48 99.69 
17.00 174.08 99.52 69.37 97.16 86.39 99.59 
16.75 173.61 99.25 68.45 95.87 85.94 99.07 
16.50 173.13 98.98 67.53 94.58 85.49 98.55 
16.25 172.66 98.71 66.61 93.29 85.04 98.03 
16.00 172.18 98.43 65.69 92.00 84.59 97.51 
15.75 171.24 97.90 64.98 91.01 84.12 96.97 
15.50 170.30 97.36 64.26 90.00 83.64 96.41 
15.25 169.36 96.82 63.55 89.01 83.17 95.87 
15.00 168.42 96.28 62.83 88.00 82.69 95.32 
14.75 166.98 95.45 61.50 86.13 81.89 94.40 
14.50 165.54 94.64 60.17 84.27 81.08 93.46 
14.25 164.09 93.81 58.83 82.39 80.28 92.54 
14.00 162.65 92.99 57.50 80.53 79.47 91.61 
13.75 161.49 92.32 56.50 79.13 78.83 90.87 
13.50 160.32 91.65 55.50 77.73 79.19 91.29 
13.25 159.16 90.99 54.49 76.32 77.54 89.38 
13.00 157.99 90.32 53.49 74.92 76.90 88.65 
12.75 156.07 89.22 51.60 72.27 75.88 87.47 
12.50 154.16 88.13 49.72 69.64 74.86 86.29 
12.25 152.24 87.03 47.83 66.69 73.84 85.12 
12.00 150.32 85.94 45.94 64.34 72.82 83.94 
11.75 148.87 85.11 44.69 62.59 72.03 83.03 
11.50 147.42 84.28 43.45 60.85 71.25 82.13 
11.25 145.96 83.44 42.20 59.10 70.46 81.22 
11.00 144.51 82.61 40.95 57.35 69.67 80.31 
10.75 142.93 81.71 39.51 55.34 68.95 79.48 
10.50 141.31 80.79 38.06 53.31 68.24 78.66 
10.25 139.70 79.87 36.62 51.29 67.52 77.83 
10.00 138.05 78.92 35.17 49.26 66.80 77.00 
9.75 137.08 78.37 34.53 48.36 66.45 76.60 
9.50 136.10 77.81 33.89 47.46 66.09 76.18 
9.25 135.13 77.25 33.24 46.55 65.74 75.78 
9.00 134.15 76.69 32.60 45.66 65.38 75.37 
8.75 132.99 76.03 31.80 44.54 64.88 74.79 
8.50 131.83 75.37 31.01 43.43 64.39 74.22 
8.25 130.66 74.70 30.21 43.71 63.89 73.65 
8.00 129.50 74.03 29.41 41.19 63.39 73.07 
7.75 127.80 73.06 28.25 39.57 62.60 72.16 
7.50 126.11 72.10 27.08 37.93 61.82 71.26 
7.25 124.41 71.12 25.92 36.30 61.03 70.35 
7.00 122.71 70.15 24.74 34.65 60.24 69.44 
6.75 121.74 69.60 24.36 34.12 59.88 69.03 
6.50 120.77 69.04 23.99 33.60 59.52 68.61 
6.25 119.79 68.48 23.61 33.07 59.19 68.23 
6.00 118.82 67.93 23.23 32.54 58.80 67.78 

Where: BH = height, BH% = the age group height expressed as a percentage of young adult stature, BM 
= body mass, BM% = the age group mass expressed as a percentage of young adult mass mean, 
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PLX = plastic index, PLX% = the age group plastic index expressed as a percentage of young adult 
plastic index mean. 

 
c) Morphological age is found as the arithmetic mean of these four estimates of 

age. 

d) Correction is necessary when the subject’s actual stature is near to the value 

of children more than 1 year older or younger. The correction means a 5% 

reduction of the estimated morphological age when the subject is much taller 

than his peers or vice versa. The correction is 8% when the subject’s actual 

stature is near to the value of children more than 2 years older or younger. 

This makes the evaluation more realistic for children who inherited tall or 

small stature. The estimation of morphological age should rely on only three 

estimators when the age derived from the body weight is seriously biased by 

excessive obesity. 

e) Prediction of young adult stature: From the actual age, one has to look up the 

percent (BH% in Table 11) assigned to this age. Young adult stature can be 

obtained by multiplying the actual stature by 100 and dividing by this per-

centage. The final height of the individual will vary between the -1 and +2 

centimetre range around the calculated young adult height. 

Figure 12 contains the age-related trends of height, body mass and plastic index. 

All the values are expressed in a percentage of young adult mean. The figure indicates 

the relative weights of the estimator variables. 
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Figure 12. Relative age group differences in height, plastic index and body weight (all 

values are expressed in a percentage of 18-year-old means). 
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The linear correlations of the fit are very strong in case of all the three esti-

mators. 

Linear regression lines: 

Relative height increase = 50.21 + 2.96 age   r = 0.996 

Relative body mass increase = -9.69 + 6.30 age  r = 0.991 

Relative plastic index increase = 48.44 + 3.02 age  r = 0.995 

 It can be recognised easily the body height and plastic index have a similar rela-

tive weight during the estimation procedure. Since, the range of relative body mass is 

remarkably wider than those of the stature and plastic index we can conclude the body 

weight is more sensitive during the calculation of morphological age in spite of the fact 

that it is more sensitive for the various effects of the environment. Consequently, the 

calculation is more precise if it based on four estimation variables. 
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Chapter 6. DISCUSSION 

 

Introduction 

 Human body structure, composition and shape reach adult status in the course of 

growth and maturation under the interactive effects of hereditary and environmental fac-

tors. The prevailing mental and bodily conditions of any population are exactly mirrored 

by the children that live in the same region. So by regular and well designed child stu-

dies one gets a reliable picture of the whole society (Tanner, 1990; Cameron, 2006). In 

some European countries economic and social changes affected many people adversely. 

Concurrently, we also have to face processes that are characteristic of consumer socie-

ties, a gradual decrease of habitual physical exercise and its consequences manifested 

by unfavourable changes of body composition and physique. During the 20th century 

body size in the human populations changed rapidly first in the industrialised countries 

and later in the majority of the developing countries too. This change of the body 

measurements and proportions is called as secular trend or secular growth change and 

the most remarkable phenomenon of it is the increase of adult height in each following 

generations (Eveleth and Tanner, 1976; Malina, 2004). Taking into account the above 

summarised results and facts, it seems to be obvious that the correct evaluation of the 

human biological status of a given population requires the results of the previous invest-

igations. Since, our data collection is the first in our country this possibility of compari-

sons is missing unfortunately. 

 

6.1 Height and body mass 

 For almost all of our knowledge of growth, apart from the earlier descriptive stu-

dies, has been acquired since mid-century – recognition of the importance of longitu-

dinal studies, the translation of measurements at given ages into velocities, the analysis 

of individual growth curves into the component segments, the explanation of differen-
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ces in the growth curves between populations in terms of differences in these velocities, 

and the identification of the factors that affect them. Variation of healthy growth and de-

velopment is attributable to genetic causes and environmental factors. The environment-

al effects are multiple, additive and randomly associated (Susanne, 1994). The environ-

mental variance exists between families or social groups of the same population. It may 

results in an increase of the co-variance between relatives and thus of the correlations 

expected between parents and offspring. 

 From many studies of growth from different view points, a series of principals 

can be derived summarising the genetic control of growth. For postnatal growth there is 

more direct evidence deriving from quantitative analyses in family studies and, molecu-

lar analyses, and direct evidence from various population comparisons (Plomin and Rut-

ter, 1998). 

 ▪ Genetic control operates throughout the whole process of postnatal growth, but 

it is stricter for some features than for others. 

 ▪ It is largely multi-factorial, though there are some single locus effects. 

 ▪ Genes controlling rates of growth and development are independent of those 

controlling final size. 

 ▪ Different groups of genes operate at different times during growth. 

 ▪ Genes controlling growth are widely distributed across the chromosomal array. 

 Three generalisations summarise reasonably well the current knowledge on the 

genetic regulation of stature and body weight (Loesch et al., 1995). 

First, genes associated with length and weight of the newborn have only a small effect 

compared with genes that are responsible for adult stature and body mass. 

Second, a set of genes is associated with adult stature and weight. 

Third, another independent set of genes appears to regulate the rate of growth in body 

size and proportions. 

 These generalisations can be the biological basis of the similarity between the 

growth patterns of different populations. Additionally, there is no significant difference 

between the patterns of growth in height, when it was plotted by longitudinal or cross-

sectional data collection if the sample sizes are appropriate. Nevertheless, the interpret-

ation of the results should be different. Both the age-related patterns of height and body 

mass can be approached by an S-shaped (third grade) curve. The inter-group differences 
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depend first of all on size variability and the timing of pubertal growth spurts (Norton 

and Olds, 1996). Consequently it is one of our necessity observations that the growth 

patterns of Cypriot boys did not differ remarkably from the recent Hungarian (Eiben et 

al., 1992; Mészáros et al., 2006), West European (Kemper, 2004), or North American 

(Roche et al., 1996; Mirwald and Bailey, 1997) patterns. As one of the small differences 

the earlier start (onset) of pubertal growth spurt in the Cypriot sample comparing to the 

Hungarian can be mentioned. This difference theoretically can be attributed the climate 

differences and the various life standards (Reichlin, 1998; Wales, 1998). In spite of the 

very similar growth patterns and velocities the differences between the corresponding 

age group means can be significant. Our Cypriot boys were slightly but consistently 

shorter than their Hungarian, Dutch or American counterparts. Since, this survey is the 

first Cypriot growth study the possible effects of secular growth trend cannot be esti-

mated. According to the opinion of Tanner and Preece (1989) and also Katzmarzyk and 

Malina (1999) the size differences should be attributed to the obvious ethnic difference. 

 In our opinion the significantly taller mean stature of overweight and obese boys 

between 6 to 12 years of age needs a detailed explanation. The taller height of over-feed 

individuals is a relatively new phenomenon in the literature of human biology. Hernan-

dez and co-workers (1994) firstly, and later among others Mohácsi and associates 

(2003), Jauregui and colleagues (2005) reported the taller stature of obese children and 

adolescents. The two possible explanations were the extra energy consumption and the 

related advanced biological development (acceleration) of these subjects (Young, 2001). 

The effect of advanced biological development seems to be self-evident, because after 

12 years of age (following the rapid phase of puberty) the differences between the ave-

rages were not significant. Nutrition acts on growth mainly through two mechanisms. 

The first is the, direct manner, due to the presence and actions of energetic substrates 

and molecules with structural functions. The second is an indirect manner, through the 

endocrine system. The role of nutrition on the hormonal regulation of growth is now-

adays less known. In addition, the mechanism through which nutrients regulate or mo-

dify hormonal actions or tissue growth factors, remains unclear. However, we should re-

view some of the data that are better understood. For many years we have known that 

malnutrition presents a clinical picture with either a half of diminution in growth velo-

city. Regardless of the mechanisms, the final pathophysiological consequence to a dimi-
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nution of the response of the target cell to growth hormone is a decrease in serum IGF-1 

concentration, which is responsible for the growth alterations (Hernandez et al. 1994). 

Regarding a possible role in the inter-action of growth and nutrition, more attention has 

been focused on IGFBP-3 and IGFBP-1. According to the current data, IGFBP-3 would 

be the principle binding protein of IGFs; its concentration would be regulated by HGH, 

most likely not directly, but through IGF-1. This would explain the reason why IGFBP-

3 is lower in clinical cases of malnutrition, although HGH levels are elevated and its le-

vels are normal or relatively elevated in obesity where IGF-1 level is elevated. In cont-

rast, IGFBP-1 is under the control of insulin. In situations of malnutrition, IGFBP-1 is 

elevated in plasma contributing to the inhibition of growth and facilitating the deriva-

tion of essential nutrients and energetic substrates to the organs that are responsible for 

the maintenance of the most important biological functions. Teleologically, it would re-

present a mechanism of protection in these situations (Kahn et al., 1998; Roemmich and 

Rogol, 1999; Malina et al., 2004). 

 Proper nutrition is imperative in order to maintain normal values of hormones 

and growth factors that are dependent on the hypothalamic-pituitary axis. Data from the 

literature (Rudolf et al., 2004) demonstrate that not only malnutrition by excess, but also 

malnutrition by deficit in the food intake, have repercussion on the HGH secretory pro-

file and its activities which is expressed by a diminution in the synthesis of IGF-1 by the 

target cell, as well as by changes in the serum concentrations of HGH and GHF-1 bind-

ing proteins. All of these alterations tend to normalise when the nutritional status imp-

roves. Hence, the measurement of these parameters can be used as biological markers in 

order to evaluate and follow the nutritional status of an individual (Wardle and Cook, 

2005). 

 The normal pattern of human growth provides evidence of its probable sensiti-

vity to change. Early acceleration, as the infant recovers from the constraining effect of 

the last few days and weeks of intra-uterine life, is followed by a period of relative calm 

and steady velocity interrupted only by the juvenile growth spurt at 6 to 8 years of age. 

The initiation of adolescent growth spurt is marked by dramatically increased velocity at 

10 to 12 years of age rising to peak at 12 to 14 years before gradual deceleration to 

adulthood. Somatic and development sexual dimorphism is present during childhood 

but in adolescence is highlighted by the later take-off and peak velocity in boys. Thus 
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the pattern of growth reflects varying velocities and specific time points at which these 

new rates of change seem to be initiated. Variation in the ages at which these inflections 

occur and the characteristics of the factors that affect not only those ages but also the 

quality of growth after initiation have given the rise to the concept of “critical periods”. 

 Cameron and Demerath (2002) discuss the definition of critical periods within 

the context of anatomical set points that needed to be met at certain times before expo-

sure to some specific environmental stimulus elicited a specific response. “Critical” is 

used in that context to mean a point of transition between one state and another – both 

the structure and the timing are critical for the experience of specific stimuli to cause 

permanent change and predict long-term outcomes. However, certain time periods dur-

ing growth are also considered to be critical even though they do not appear to be char-

acterised by a specific level of structural or functional development. Adolescence, for 

instance, is critical from physical and behavioural perspectives whilst representing a 

range of developmental stages over variable time periods with no single stage at a par-

ticular time actually being a “critical” stage. For example, exposure to sufficient levels 

of exercise or calcium intake during adolescence appears to be critical in achieving a 

bone mass that protects against later morbidity. Clearly the majority of children are 

exposed to such physical and nutritional factors throughout childhood and it may not be 

exposure during adolescence that is critical but general exposure throughout childhood 

and adolescence. Alternatively, in the context of the achievement of some physiological 

parameters, e.g. maximal oxygen uptake, adolescent activity appears to be critical re-

gardless of pre-adolescent activity (Mirwald et al., 1981). 

 Evidence to accumulated date identifies for critical periods: the intra-uterine pe-

riod, infancy, mid-childhood, and adolescence. The intra-uterine period is self defining. 

Infancy (excluding the neonatal period) is the period between the second post-natal 

month and two years that is characterised by rapid growth –particularly of neural tissue– 

and the development of basic independent functional capacity. Childhood extends from 

the end of infancy to the start of adolescent growth but it is variously defined in the li-

terature. Most notably Bogin (1999) takes a bio-cultural approach when attenuates 

childhood at approximately seven years to include a “juvenile” period defined by inde-

pendence of behaviour, increased within-family child care responsibilities, and the 

learning of economic and social skills. Adolescent growth occurs more or less concur-



 61

rently with puberty. The latter in girls usually starts with the development of the breasts 

at about 11 years of age but the adolescent growth spurt starts at about 10 years of age. 

In males genitalia enlargement is the first pubertal characteristic at about 11.5 years but 

the adolescent growth spurt does not start until about 12 years of age (Tanner and Pre-

ece, 1989). The maturity indicators of pubertal development are important in research 

that has sought to mirror the effect of environmental changes. 

 

 6.2 Physique 

 Body build of our subjects was estimated by the growth type indices. Its appli-

cation is more often by the investigators of former East Germany (Jaeger et al., 2004) 

and Hungary (Szmodis et al., 2007). Consequently the possible comparative data come 

from these regions. Before the direct comparisons we have to note that there is a role for 

genetic and environmental interactions in the regulation of growth of human body seg-

ments (Bogin and Kapell, 2002). Human body proportions are important determinants 

of biomechanical efficiency of movement and performance in many daily activities and 

in sports. Body proportions are also increasingly used as primary indicators of healthy 

growth and development (Bogin, 1999). Accordingly, more sophisticated research on 

the regulation of development of physique and body proportions needs to be done. The 

new research must discontinue the use of alleged geographic origin, skin colour, and 

other markers of “race”. The new research must also discontinue the uncritical use of 

the concept of genetic potential. The new research must instead make use of better defi-

ned, bioculturally valid samples of people and the independent variables that may influ-

ence their body proportions (Bogin and Kapell, 2002). The results of our working group 

met some of the suggested tasks of the present human biologists. 

 Mészáros and associates (2003) determined the direct statistical relationships be-

tween the metric index scores of mono- and dizygotic twins. The coefficient of inheri-

tance was similarly high as it was observed in case if stature. The other required key 

point arrises from our present investigation. Namely: The age related exponential pat-

tern of metric index means did not differ from the observed Hungarian patterns (Szmo-

dis et al., 1976; 2007; Mészáros and Mohácsi, 1983; Mészáros et al., 2006). However, 

the similarity between the curves does not mean necessary similarity between the res-

pective means. The Cypriot boys had significantly more positive metric index means in 
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all the compared 12 age groups. They were more picnomorphic in this respect. Since, 

the previous results from Cyprus are not available the consequent differences should be 

attributed to the obvious ethnic difference. The effects of secular growth change can be 

excluded in this respect, since the generation differences tend to the direction of more li-

near physique (Greil and Möhr, 1996; Mészáros et al., 2006). 

 Information on the relationship between childhood and young adult physique is 

quite limited. Linear relationships between the physique characteristics (estimated by 

somatotype components) in early childhood and at 18 years of age are moderate, with 

the correlations of about 0.4 to 0.6 for both sexes (Walker, 1978). As one of the advan-

tages of the used growth type indices is the appropriate predictability of young adult bo-

dy structure (Zsidegh et al., 2007). This prediction, however, cannot base on linear ext-

rapolation. This type of predictions may have stressed importance above all in the se-

lections process for competitive sports, but these results can be important in the normal 

population too (Malina et al., 2004). 

 

 6.3 Nutritional status 

 In the last decades of the 20th century a dangerous phenomenon appeared in the 

positive features of the secular trend. Namely, body weight increased more rapidly than 

body height in the majority of the populations of the world. This was caused by the re-

markable increase of the fat tissue in the body as a consequence of the consumption of 

calorie in excess of requirements. The high fat contain of the body is the reason of the 

rise of overweight and obesity in the populations not only in the industrialised countries, 

but also in the developing countries (WHO, 2000). Obesity belongs to the group of the 

so called non-communicable diseases. However, obesity is one of the key risk factors 

for other diseases that cause major part of morbidity and mortality of the adults all over 

the world. The prevalence of overweight and especially obesity is one of the best indica-

tors to show how endangered the health status of the population (WHO, 2000; Ross and 

Eiben, 2002). Nutritional status of the individuals is also influenced by the eating beha-

viour of the given population as well as by socio-economic factors (Eiben, 2001; Milli-

gan et al., 1998). 

 The observed prevalence of overweight and obese children and adolescents were 

unfavourably high in our sample. These proportions were obviously greater then the es-
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timated prevalence in Hungary (Prókai et al., 2005), or the western countries (Kemper, 

2004; Thompson et al., 2003). These were very similar to the findings of Ogden and as-

sociates (2002) in the United States. The highest prevalence is our sample was observed 

in the years of puberty. 

 Several recent tracking analyses suggest that childhood body fatness is correla-

ted with adult adiposity with known and well established health risks (Rowlands et al., 

2000; Wardle et al., 2006; Taeymans et al., 2007). An in deep knowledge of the evolu-

tion of subcutaneous adipose tissue, the adipose tissue distribution and the prediction of 

adiposity and relative distribution in young adulthood from adiposity patterns in child-

hood may be important. The results from the Leuven Longitudinal Study suggest that 

former early maturing men have proportionally a higher degree of trunk subcutaneous 

fat compared to their late maturing peers from 13 to 18 years and at 30 years of age (Be-

unen et al., 1994). There is a relatively good tracking for the body mass index and the 

sum of the four skinfolds for males and females. In a previous study, it has been shown 

that it is possible to predict adiposity at age 18 years from 6 in boys and girls based on 

childhood skinfold measures, BMI and endomorphy. It is very easy to recognise that 

skinfolds are the most reliable predictors, and by the study of Trudeau and co-workers 

(2001) we have to stress, however, that prediction of adult obesity based on childhood 

BMI can be effective in girls but not in boys. In our investigation the skinfolds were 

used to assess relative body fat content. 

 Trunk-to extremity skinfold ratios are indicators of the central versus peripheral 

subcutaneous adipose tissue distribution. As such, they can be considered as determi-

nants with predictive value for the susceptibility to metabolic disturbances. The classic 

view of adipose tissue as a passive reservoir for energy storage is not longer valid. 

As we summarised in Chapter 2, there is a growing body of evidence that adipo-

se tissue is an active metabolic tissue which express secrets different bioactive peptides 

acting as autocrine or paracrine and endocrine hormones. Both excess and deficiency of 

adipose tissue can have severe metabolic consequences and represent important medical 

and socio-economic burdens. Therefore, information on the predictability of the evolu-

tion of body fatness and of relative subcutaneous adipose tissue distribution may be of 

interest e.g. in early cardiovascular risk factor intervention (Freedman et al. 2001). The 

upper-to-lower skinfold ratio is another indicator of subcutaneous adipose tissue distri-
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bution. This ratio differs between boys of contrasting maturity only between 11 and 14 

years of age being lower in early maturers comparing to their late maturing peers. Infor-

mation on tracking and predictability of these ratios is scarce. It was shown that trunk-

to-extremity skinfold ratios track moderately in women, but not at all in men. The pre-

diction of subcutaneous adipose tissue distribution from childhood measures seems to 

be more difficult in males than in females (Trudeau et al., 2001). 

Although the used five skinfolds in our study do not give the possibility for the 

description of subcutaneous adipose tissue distribution this did not limit the validity of 

our conclusion. Since the prevalence of overweight and obesity in the Cypriot school-

age population was high, the unfavourable prevalence predicts towards the future car-

dio-vascular and metabolic health risks of the growing generation. We have to take into 

account, the overweight and obese children were not only overweight or obese addition-

ally they were moderately or markedly advanced (early maturers) in their biological de-

velopment. The observed prevalence can not be evaluated as an individual problem it is 

really a social problem. 

 Physical activity plays an important role in the treatment of overweight and obe-

se children and adolescents, although traditional treatment philosophies and approaches 

need to be altered for this population. A stronger emphasis on lower-intensity physical 

activites is needed, given that overweight and obese children may experience greater 

perceived exertion, pain and relative oxygen cost (Blair and Conelly, 1996). In addition, 

given how difficult it is to achieve long-term weight loss and maintenance (NIH, 1998), 

we believe that physical activity programs need to shift their emphasis from weight loss 

to improvements in other health parameters. Programs should emphasise short- and mo-

derate-term benefits, such as enhanced quality of life and functional capacity, as well as 

small improvements in co-morbid medical conditions. Long-term benefits, including re-

duced risk for morbidity, also can be discussed, although the data supporting this benefit 

are preliminary (Barlow et al., 1995). 

 Finally, when designing and implementing physical activity (treatment) prog-

rams for the overweight and obese children, greater attentions needs to be given the ve-

ry real physical, psychological, and social limitations inherent in standard approaches to 

increasing physical activity and fitness. Thus, clinicians need to be more creative about 

the types and amounts of activity that they recommend for this population. 
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 Finally, we have to evaluate the scientific accuracy and reproducibility and also 

the efficiency of the two methods (F% and BMI) used for the assessment of body com-

position. The key point of this comparison sources from the statement of Cole and asso-

ciates (2000): “The ideal definition, based on percentage body fat, is impracticable for 

epidemiological use. Although less sensitive than skinfold thicknesses the body mass 

index is widely used as a definition of overweight and obesity.” Nevertheless, several 

critical remarks were published against the use of body mass index in children and ado-

lescents. Currently, there is no universally accepted system for classification of child-

hood overweight and obesity, although several BMI-based approaches have been pro-

posed (Must et al., 1991; Cole et al., 2000; Kuczmarski et al., 2000). However, such a 

cut-offs are hard to identify with any precision, for example, children have less obesity-

related disease than adults and the dose-response curve linking obesity and outcome is 

essentially linear over a broad spectrum of adiposity in childhood (Burniat et al., 2002). 

 Rowland (2005) stresses: The BMI neglects many of the developmental lows 

and trends, such as: 

- biological development of depot fat is not linear during childhood and ado-

lescence, 

- density of bones and skeletal muscles changes during the growing years, 

and the growth of both tissues is allometric relative to the changes in statu-

re and body mass, 

- percentiles (85 and 95) are under the pressure of the almost continuously 

increasing body fat content of the populations. 

That is, if the relative fatness increases decade by decade the 85 or 95 percentile 

changes also. Consequently, using the nowadays percentiles 10 years later, a great num-

ber of presently obese children will be qualified as only overweight. The mean-related 

qualification of body composition never can be appropriate. In order to facilitate the 

monitoring the worldwide epidemic, and to improve screening procedures for selective 

public health measures and clinical practice, classification systems for childhood over-

weight and obesity are needed. Evaluation of BMI-based classification systems for 

children may be regarded as difficult task, if evaluation and construction should be link-

ed to the definition of overweight and obesity, that is, either fatness or obesity-related 

disease. Fatness is not complicated to measure or estimate accurately in epidemiological 



 66

studies, but is needs extra time and work, nevertheless, the benefit of this investment 

cannot be neglected. 

 

 6.4 Estimation of biological development 

 Hundred years ago, Crampton (1908) wrote: “All observations, records, and in-

vestigations of children, whether pedagogical or medical, social or ethical, must regard 

physiological age as primary and fundamental basis.” 

“Without knowledge of the stage of growth and development respectively of the 

biological age deduced from it, it is impossible to solve the tasks of functional anthro-

pology. Such functional anthropology was worked out by pediatriciens, neurologists, 

psychologists for children and teachers of sports and gymnastics more than by physical 

anthropologists.” (Grimm, 1979). 

 Estimation of biological development plays a significant part in auxology, pedi-

atric exercise science and its applications, and also in practical paediatrics. Different 

techniques were developed to assess biological age of an individual. Yet estimates of 

biological development suffer from considerable unreliability, even when done carefully 

by professionals. Most of this unreliability is due to the subjective nature of the ratings 

(Tanner and Tanner, 1996). In a given individual the average difference between the 

systems is 0.2 “years” bone age, extremes run 0.9 “years. It is easy to recognise only the 

cross-validated and computerised techniques may have a real practical importance in 

this field. Taking into account the clear thought of train of the technique suggested the 

computerised evaluation may use easily. 

 The theoretical basis of our technique is that growth pattern of the healthy child-

ren is uniform (Loesch et al., 1995; Watanebe et al., 2000). Nevertheless, only those 

techniques are usable in the pediatric and sport practice, which were validated by one of 

the X-ray techniques. For the validation Mészáros and associates (1984) used the results 

of Greulich-Pyle (1959) procedure. 

 Szabó and Mészáros (1980), and also Beunen and co-workers (1989) reported by 

two separate studies: In circumpubertal boys biological age explains a far larger part of 

most dimensions than does chronological age or the interaction between chronological 

and biological age. For almost all body dimensions the highest correlations occur at 14-

15 years of age. The statistically highest percentage of explained variance in body di-
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mensions accounted for by biological age is found for linear measures and body weight 

followed by the bone width dimensions and circumferences. Skinfolds in general, are 

not related to biological age. In our study (Figure 12) the body mass was the predictor 

variable which had the widest range in the process of assessment. 

 The observed improvement in performance could be quite well approximated by 

a straight line using either morphological or chronological age as a predictor (Mészáros 

et al., 1986). Several significant differences have been found, however, between the re-

spective coefficients used as a measure for the goodness of fit. It was found that in ge-

neral the relationship of motor score to age was the weakest for chronological age in the 

non-athletic groups and the strongest for morphological age in the athletic groups. An-

other consistent trend was that motor performance was more closely related to morpho-

logical age than to calendar age in both athletic and non-athletic groups. The inference 

drawn from the analysis of regression slopes and intercept was that these age-dependent 

regressions were in fact parallel. The scatter around the regression lines was smaller 

when morphological age was used as the independent variable. Further, the lines of ath-

letic children showed a shift to the right along the age axis, because they were morpho-

logically older in all the age groups. 

 

 6.5 Nature vs. nurture 

 The debate over nature (genetics) versus nurture (environment) is as old as spe-

cies. It is not surprise that discussion of the causes of similarities and differences among 

individuals has been lively across the centuries. However, the debate over whether inhe-

rited factors are more important than environment in molding phenotypes is largely ste-

rile. One cannot exist without other. Both are intrinsically linked in the sense that it is 

impossible to understand the genetic basis of a trait without making assumptions about 

the nurture, and vice versa. 

 Over the past hundred years or so, the debate has taken on new dimensions for a 

variety of reasons. 

First, research on differences within and among populations in several anthropometric, 

physiological, fitness, and skill phenotypes has been regularly reported. Among 

the probable causes of human variation, both nature and nurture arguments have 

been proposed. 
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Second, the influence of strong scientific personalities, such as Francis Galton, William 

Bateson, and Karl Pearson, was instrumental early in launching the debate and 

keeping it alive. Galton in particular, with his publications (1869; 1889) and his 

views on eugenics, put the debate in the forefront of the specific agenda of the 

day. 

Third, genetics became progressively established as a science with initially two major 

but competing and often adversarial schools, the biometric and the Mendelian 

schools. Fortunately, rapid progress in genetics in the 20th century brought the two 

groups together and established genetics as a science with several disciplines. 

Fourth, proponents of either school of thought in the nature versus nurture controversy 

often had philosophical and political agendas. Thus, it became increasingly diffi-

cult to separate scientific arguments from personal convictions and political cor-

rectness. 

 The nature-nurture dyad varies from phenotype to phenotype, from situation to 

situation, and from population to population. The controversy can be put to rest, and 

will eventually be put to rest, only with further advances in understanding the real gene-

tic and non-genetic bases of human variation. 
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Chapter 7. CONCLUSIONS 

 

 1. The growth patterns in height and body mass of Cypriot boys were in accord-

ance with the normal growth patterns of healthy children and adolescents. The growth 

in height is genetically determined but the environmental effects may also have signifi-

cant importance. Nevertheless, the increase in body weight is mostly under the pressure 

of lifestyle. The significantly taller stature and the non-proportionate body mass means 

of the overweight and obese boys between 6 and 12 years of age should be attributed to 

their advanced biological development that is influenced by the over-feeding. Conse-

quently the normal growth patterns of our subjects were and are markedly modified by 

the environmental effects. 

 The respective hypothesis can be hold only in part. 

 2. The exponential pattern of change with age in growth type indices of Cypriot 

boys did not differ from those of Hungarian and German children, adolescents, and 

young adult, but there were significant between age group differences. The Cypriot sub-

jects can be characterised as slightly more picnomorphic body structure. This more or 

less expressed inter-group variability was associated to the ethnic differences. The age-

related metric index means can be the base of the prediction of young adult physique. 

 The respective hypothesis can be hold. 

 3. The observed prevalence of overweight and obese children was unfavourably 

high in our sample. The prevalence increased between childhood and adolescence and 

did not change during the post-pubertal years. The high prevalence of over-feed subjects 

should be related to the sedentary lifestyle and dietary habits. Taking into account the 

health consequences of long-lasting overweight and obesity our predictions cannot be 

positive. Since the over nutrition was characteristic in 25-28% of the sample, it can be 

interpreted as a real social problem. The school physical education with its limited 

weekly hours and programs cannot be the solution of the problem in general. In relation 
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to technical approach we concluded: The BMI is not a reliable indicator of fatness or 

body composition, consequently it is suggested to use along its original function, na-

mely for the assessment of biological development of children and adolescents, but not 

in adults. Fatness is not complicated to measure or more precisely estimate accurately in 

epidemiological studies, but is needs extra time and human work, nevertheless, the be-

nefit of this investment cannot be neglected. We can state, there is no clear agreement 

among the human biologist in case of qualification of overweight and obesity. The more 

marked differences can be observed near to the transition between normal body compo-

sition and overweight, and also between overweight and obesity. 

 The respective hypothesis should be evaluated as being true without restriction. 

 4. The calculated references can be used for the estimation of morphological age 

in Cypriot boys. However, it cannot be excluded the depot fat corrected references re-

sult in more accurate age estimations in physically active children and adolescents. The 

reduction of relative depot fat down to 20% seems to be one of the useful procedures. 

 The respective hypothesis can be hold. 

 5. Because of the high prevalence of overweight and obese boys, and also the bi-

ologically high averages in non-overweight or –obese subjects, the means of BMI and 

relative fat content cannot be evaluated as reference. The result of body fat content esti-

mates should be evaluated on health-related human biological approaches. The validity 

of the calculated references (height, weight, metric and plastic indices) can not be deter-

mined accurately. According to the relatively high and stable life standard in Cyprus we 

can assess their applicability about 20 years. 
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Abstract 

 Growth, development and age-dependency in body fat content of 6- to 18-year-

old Cypriot boys were determined in a nation-wide representative sample. The data col-

lection was carried out in cross-sectional data collection. The successive means of statu-

re, body weight, BMI, body fat content relative to bogy mass, LBM, and the growth ty-

pe indices were evaluated. In addition, techniques for the estimation of morphological 

age, and prediction of young adult height were suggested. In taking the required body 

dimensions and for the calculation of growth type indices internationally accepted equ-

ipment and techniques were used. Descriptive statistics of the obviously overweight and 

obese subjects were compared to those of their normal body composition counterparts. 

 The growth patterns in height and body mass of Cypriot boys were in accordan-

ce with the normal growth patterns of healthy children and adolescents. The significant-

ly taller stature and the non-proportionate body mass means of the overweight and obe-

se boys between 6 and 12 years of age should be attributed to their advanced biological 

development that is influenced by the over-feeding. Consequently the normal growth 

patterns of our subjects were and are markedly modified by the environmental effects. 

 The exponential pattern of change with age in growth type indices of Cypriot 

boys did not differ from those of Hungarian and German children, adolescents, and 

young adult, but there were significant between age group differences. The Cypriot sub-

jects can be characterised as slightly more picnomorphic body structure. This more or 

less expressed inter-group variability was associated to the ethnic differences.  

 The observed prevalence of overweight and obese boys was unfavourably high. 

The prevalence increased between childhood and adolescence and did not change du-

ring the post-pubertal years. The high prevalence of over-feed subjects should be related 

to the sedentary lifestyle and dietary habits. Taking into account the health consequen-

ces of long-lasting overweight and obesity our predictions cannot be positive. Since the 

over nutrition was characteristic in 25-28% of the sample, it can be interpreted as a real 

social problem. 

 The calculated references can be used for the estimation of morphological age in 

Cypriot boys. However, it cannot be excluded the depot fat corrected references result 

in more accurate age estimations in physically active children and adolescents. The re-

duction of relative depot fat down to 20% seems to be one of the useful procedures. 
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Összefoglaló 

 Országosan reprezentatív, keresztmetszeti vizsgálatban elemeztük a 6-18 éves 

ciprusi fiúk testi fejlődését, a morfológiai alkat és a relatív testzsírtartalom életkorfüggő 

különbségeit. Az elemzett változók: testmagasság, testtömeg, testtömeg index, sovány 

testtömeg, a testtömeg százalékában kifejezett testzsírtartalom, továbbá a növekedési tí-

pust bemutató metrikus és plasztikus index. Az antropometriai adatfelvétel és jellemzés 

során szakirodalmilag elfogadott mérőeszközöket és eljárásokat alkalmaztunk. A vizs-

gálatban a normál testösszetételű fiúk jellemzőit elkülönítettük a túlsúlyosakétól és az 

elhízottakétól. 

 A ciprusi gyermekek és serdülők testmagasságának és tömegének korfüggő min-

tázata nem különbözött az egészséges fiúk jellemző fejlődésmenetétől. A túlsúlyos és 

elhízott vizsgáltak termete 6-12 éves kor között szignifikánsan nagyobb volt, mint a 

normál testösszetételű kortársaiké, továbbá testtömegük nemcsak a magasabb testma-

gasság függvényében volt nagyobb. A túltáplált gyermekek szignifikánsan magasabb 

termetét alapvetően a szükségesnél nagyobb mennyiségű energia bevitelből is eredő bi-

ológiai akcelerációval magyarázzuk. Feltételezzük továbbá, hogy a nem kritikus testösz-

szetételű gyermekek és serdülők testméreteit is módosítja a túlzott energia bevitel. 

 A növekedési típus másodfokú görbével közelíthető korfüggése jellegében nem 

különbözött a magyar és német minták vizsgálata után leírtaktól, de a ciprusi fiúk 

minden korcsoportban szignifikánsan piknomorfabbak, mint magyar kortársaik. Ezt a 

következetes morfológiai alkat különbséget elsősorban az etnikai differenciákból eredő-

nek tekintjük. 

 Mintánkban a bizonyíthatóan túlsúlyos és az elhízott fiúk együttes gyakorisága 

egyértelműen nagy. A gyakoriság szinte lineárisan a növekszik gyermek- és serdülőkor 

között, a posztpubertásban értékelhetően nem változik. A kritikus testösszetétel a táplál-

kozási szokások és a hypoaktivitás együttes következménye és előrevetíti a felnőttkori 

életminőség csökkenést, valamint a fokozott morbiditást. A 25-28% közötti gyakoriság 

már nem réteg, hanem társadalmi probléma. 

 A vizsgálatban előállított korcsoportonkénti referenciák ismeretében a ciprusi 

gyermekek morfológiai életkora jól becsülhető és felnőtt testmagassága előre jelezhető. 

Nem kizárt azonban, hogy a 20%-ra korrigált testzsírtartalommal e becslések megbízha-

tósága jelentősen növelhető. 
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Table Appendix 1. Constants for the calculation of calendar age in decimal system 
 

 Jan 
1 

Feb 
2 

Marc 
3 

Apr 
4 

Maj 
5 

Jun 
6 

Jul 
7 

Aug 
8 

Sep 
9 

Oct 
10 

Nov 
11 

Dec 
12 

1 000 085 162 247 329 414 496 581 666 748 833 915 
2 003 088 164 249 332 416 499 584 668 751 836 918 
3 005 090 167 252 334 419 501 586 671 753 838 921 
4 008 093 170 255 337 422 504 589 674 756 841 923 
5 011 096 173 258 340 425 507 592 677 759 844 926 
6 014 099 175 260 342 427 510 595 679 762 847 929 
7 016 101 178 263 345 430 512 597 682 764 849 932 
8 019 104 181 266 348 433 515 600 685 767 852 934 
9 022 107 184 268 351 436 518 603 688 770 855 937 

10 025 110 186 271 353 438 521 605 690 773 858 940 
 1 2 3 4 5 6 7 8 9 10 11 12 

11 027 112 189 274 356 441 523 608 693 775 860 942 
12 030 115 192 276 359 444 526 611 696 778 863 945 
13 033 118 195 279 362 447 529 614 699 781 866 948 
14 036 121 197 282 364 449 532 616 701 784 868 951 
15 038 123 200 285 367 452 534 619 704 786 871 953 
16 041 126 203 288 370 455 537 622 707 789 874 956 
17 044 129 205 290 373 458 540 625 710 792 877 959 
18 047 132 208 293 375 460 542 627 712 795 879 962 
19 049 134 211 296 378 463 545 630 715 797 882 964 
20 052 137 214 299 381 466 548 633 718 800 885 967 

 1 2 3 4 5 6 7 8 9 10 11 12 
21 055 140 216 301 384 468 551 636 721 803 888 970 
22 058 142 219 304 386 471 553 638 723 805 890 973 
23 060 145 222 307 389 474 556 641 726 808 893 975 
24 063 148 225 310 392 477 559 644 729 811 896 978 
25 066 151 227 312 395 479 562 647 731 814 899 981 
26 068 153 230 315 397 482 564 649 734 816 901 984 
27 071 156 233 318 400 485 567 652 737 819 904 986 
28 074 159 236 321 403 488 570 655 740 822 907 989 
29 077  238 323 405 490 573 658 742 825 910 992 
30 079  241 326 408 493 575 660 745 827 912 995 
31 082  244  411  578 663  830  997 

 
Procedure: The date of the investigation is 1982. December 17. The date of birth of the 
subject is 1970. September 1. The integer is given by the years and the decimals can be 
found in the table at the crossing of the month (column) and the day (line). That is: 

1982.959 – 1970.666 = 12.29 
The child was 12.29-year-old at the time of investigation. 
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Table Appendix 2. Table for the calculation of relative body fat content 

Mm Males Females Children mm Males Females Children
30 1.5 -2.8 3.9 74 12.9 12.7 15.8 
31 1.9 -2.2 4.4 75 13.0 12.9 16.0 
32 2.3 -1.7 4.8 76 13.2 13.1 16.1 
33 2.7 -1.2 5.2 77 13.3 13.4 16.3 
34 3.1 -0.7 5.6 78 13.5 13.6 16.5 
35 3.5 0.2 6.0 79 13.7 13.8 16.6 
36 3.8 0.4 6.3 80 13.8 14.0 16.8 
37 4.1 0.8 6.7 81 14.0 14.2 17.0 
38 4.5 1.3 7.1 82 14.2 14.5 17.1 
39 4.8 1.7 7.4 83 14.3 14.7 17.3 
40 5.1 2.1 7.7 84 14.5 14.9 17.5 
41 5.4 2.6 8.0 85 14.6 15.1 17.6 
42 5.7 3.0 8.4 86 14.8 15.3 17.8 
43 6.0 3.4 8.7 87 14.9 15.5 17.9 
44 6.3 3.8 9.0 88 15.0 15.7 18.1 
45 6.6 4.2 9.3 89 15.2 15.9 18.2 
46 6.9 4.5 9.6 90 15.3 16.1 18.4 
47 7.1 4.9 10.0 91 15.5 16.3 18.5 
48 7.4 5.3 10.1 92 15.6 16.4 18.6 
49 7.7 5.6 10.3 93 15.7 16.6 18.8 
50 8.1 6.0 10.7 94 15.9 16.8 18.9 
51 8.2 6.3 10.9 95 16.0 17.0 19.1 
52 8.4 6.6 11.1 96 16.1 17.2 19.2 
53 8.7 7.0 11.4 97 16.3 17.3 19.3 
54 8.9 7.3 11.7 98 16.4 17.5 19.5 
55 9.1 7.6 11.9 99 16.5 17.7 19.6 
56 9.4 7.9 12.1 100 16.7 17.9 19.7 
57 9.5 8.2 12.4 101 16.8 18.1 19.9 
58 9.8 8.5 12.6 102 16.9 18.2 20.0 
59 10.0 8.8 12.8 103 17.0 18.4 20.1 
60 10.2 9.1 13.0 104 17.1 18.6 20.3 
61 10.4 9.4 13.3 105 17.3 18.7 20.4 
62 10.6 9.7 13.5 106 17.4 18.9 20.5 
63 10.8 9.9 13.7 107 17.5 19.0 20.6 
64 11.0 10.2 13.9 108 17.6 19.2 20.7 
65 11.2 10.5 14.1 109 17.7 19.4 20.8 
66 11.4 10.7 14.3 110 17.9 19.5 20.9 
67 11.6 11.0 14.5 111 18.0 19.7 21.1 
68 11.8 11.2 14.7 112 18.1 19.8 21.1 
69 12.0 11.5 14.9 113 18.2 20.0 21.3 
70 12.2 11.8 15.1 114 18.3 20.1 21.5 
71 12.3 12.0 15.2 115 18.4 20.3 21.6 
72 12.5 12.2 15.4 116 18.5 20.4 21.7 
73 12.7 12.5 15.6 117 18.6 20.6 21.8 
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Mm Males Females Children mm Males Females Children
118 18.7 20.7 21.9 160 22.6 26.0 25.9 
119 18.8 20.9 22.0 165 23.0 26.5 26.3 
120 18.9 21.0 22.1 170 23.3 27.0 26.7 
121 19.0 21.1 22.2 175 23.7 27.5 27.1 
122 19.1 21.3 22.3 180 24.1 28.0 27.4 
123 19.2 21.4 22.5 185 24.4 28.5 18.0 
124 19.4 21.5 22.6 190 24.7 28.9 28.1 
125 19.5 21.7 22.7 195 25.1 29.4 28.5 
126 19.6 21.8 22.8 200 25.4 29.8 28.8 
127 19.7 22.0 22.9 205 25.7 30.2 29.1 
128 19.8 22.2 23.0 210 26.6 30.6 29.5 
129 19.9 22.3 23.1 215 26.3 31.0 29.8 
130 20.0 22.4 23.2 220 26.3 31.4 30.1 
131 20.1 22.5 23.3 225 26.9 31.8 30.4 
132 20.1 22.6 23.4 230 27.1 32.2 30.7 
133 20.2 22.8 23.5 235 27.4 32.5 30.9 
134 20.4 22.9 23.6 240 27.7 32.9 31.2 
135 20.4 23.0 23.7 245 27.9 33.3 31.5 
136 20.5 23.1 23.8 250 28.2 33.6 31.7 
137 20.6 23.3 23.9 255 28.4 33.9 32.0 
138 20.7 23.4 24.0 260 28.7 34.3 32.3 
139 20.8 23.6 24.1 265 28.9 34.7 32.5 
140 20.9 23.8 24.1 270 29.1 35.0 32.8 
141 21.0 23.9 24.2 275 29.4 35.3 33.0 
142 21.1 24.0 24.3 280 29.6 35.6 33.2 
143 21.2 24.1 24.4 285 29.8 35.9 33.5 
144 21.3 24.2 24.5 290 30.0 36.2 33.7 
145 21.3 24.3 24.6 295 30.3 36.5 33.9 
146 21.4 24.4 24.7 300 30.5 36.8 34.1 
147 21.5 24.6 24.8 305 30.7 37.0 34.4 
148 21.6 24.7 24.9 310 30.9 37.1 34.7 
149 21.7 24.8 25.0 315 31.1 37.3 34.8 
150 21.8 24.9 25.1 320 31.3 37.4 34.9 
151 21.8 25.0 25.1 325 31.5 37.6 35.2 
152 21.9 25.1 25.2 330 31.7 37.8 35.4 
153 22.0 25.2 25.3 335 31.9 38.0 35.6 
154 22.1 25.3 25.4 340 32.0 38.1 35.8 
155 22.2 25.4 25.5 345 32.2 38.3 36.0 

    350 32.4 38.5 36.5 
 
If the sum of the 5 skinfolds (biceps, triceps, sub-scapular, supra-iliac, medial calf) is 60 
mm you should multiply it by 2. It is 120. At the crossing of the respective gender 
(male, female, children) and the multiplied sum of 5 skinfolds you can find the body fat 
content expressed in a percentage of total body mass. That is. If the subject is male the 
F% = 18.9; if she is female F% = 21.0; and if the subject is child the F% = 22.1. 
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Glossary 

Adipose tissue: Connective tissue in which body fat is stored, mainly in the form of va-

rious trigycerides. 

Acceleration: (1) Plot of rate of change in velocity over time. In the study of physical 

growth and maturation, the velocity of growth in height, weight, or some other 

anthropometric measurement is often plotted to highlight landmarks or important 

periods of child growth. The faster growth and development is often called as ac-

celeration. 

Allometric analysis, allometry: The non-linear relationship of measurement variable Y 

to body size X: Y = a(Xb). 

Anthropometry: Branch of science concerned with comparative measurements of the 

human body, its parts, and proportions, often to establish frequency of occurrence 

among cultures, races, sexes, age groups, cohorts, and so on. 

Basal metabolic rate (BMR): The lowest rate of body metabolism (energy use) that can 

sustain life, measured after an overnight sleep in a laboratory under optimal con-

ditions of quiet, rest, and relaxation. 

Body composition: The partitioning of body mass into lean body mass and fat mass. 

The lean body mass can partitioned into bone mass and muscle mass. 

BMI: body mass index; it is one of the estimates of nutritional status; it can be valid for 

the group but it is less valid for the individual. 

Catch-up growth: Increase in growth rate with restoration of favourable environmental 

conditions after a period of influence by one or more negative factors. Extent of 

growth restoration depends on the length, timing and severity of the negative con-

dition. 

Chemical maturity: Achievement of adult values in the composition of the fat-free body. 

Generally it is assumed to be 73.8% water, 6.8% mineral, and 18.8% protein. The 

process of chemical maturation contraindicates the use of adult equations to esti-

mate percent fat in children. 

Development: Process of continuous change to a state of specialised functional capacity 

and adaptation to maintain that state. It is often confused with growth and matu-

ration. 

FFM: fat free mass; it contains neither essential, nor depot fat. 
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Growth: Quantitative increase in the size or mass of a living being or any of its parts as 

result of increase in already complete units and the transformation of non-living 

nutrients into protoplasm. 

HGH: human growth hormone; the protein structured hormone is produced by the pitu-

itary gland; a hormone that promotes anabolism and is believed by some athletes 

to have ergogenic properties. 

Hypertrophic obesity: Classification of obesity characterised by a normal number of en-

larged fat cells. 

IGF-1: insulin-like growth factor-1; produced by the adipose tissue and some other or-

gans; sometimes it is called as somatomedin-B. 

IGFBP: insulin-like growth factor binding protein. 

LBM: lean body mass; fat-free body plus essential fat stores, or total body mass minus 

storage (depot) fat. 

Lower (gynoid) obesity: The typical pattern of fat storage in female obesity, in which 

the fat stored primarily in the lower part of the body, particularly in the hips, but-

tocks, and thighs. 

Maturation: (1) Quantitative advancement in biological makeup. (2) Cellular, organ, or 

system advancement in biochemical composition. (3) The natural sequence in the 

development of self-help, motor, and socialisation skills that would occur without 

instructional intervention. 

Obesity: Pathological condition; the extremely high level of depot fat. The person’s 

body weight is 20% to 25% above their skeletal and physical requirements for a 

male, and 30% to 35% for a female. 

Paracrine: Relating to a chemical structure that acts on cells adjacent to the cells that 

produce it. 

PHV: peak height velocity; it appears during puberty. 

Primary risk factors: Risk factors that have been conclusively shown to have a strong 

association with a certain disease. Primary risk factors for coronary artery disease 

include smoking, hypertension, high blood lipid levels, and physical inactivity 

(hypoactivity). 

RQ: respiratory exchange ratio; numerically it is the ratio between CO2 produced and 

O2 cunsumed at rest. 
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Skinfold fat thickness: The most widely applied field technique used to estimate body 

density, relative body fat, and fat-free-mass. It involves measurement of the skin 

fat with callipers at one or more sites. 

TNF-α: a cytokine known as tumor necrosis factor-alpha; the level of TNF-α is elevated 

in obesity; TNF-α involved in a feed-back loop to limit the growth of the adipo-

cytes is not yet clear. 

Type I diabetes: Insulin-dependent diabetes mellitus. Type I diabetes generally has a 

sudden onset during childhood or young adulthood and leads to almost total insu-

lin deficiency, usually requiring daily insulin injections. It is also known as juve-

nile-onset diabetes. 

Upper body (android) obesity: Typical pattern of fat storage in a male with obesity, in 

which fat is stored primarily in the upper body, particularly in the abdomen. This 

type of depot fat pattern means higher risk for various cardio-vascular diseases. 

 


