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Abbreviations: SE, somatotype unit; SES, socioeconomic 
status; LSES, low socioeconomic status; MSES, middle socioeconomic 
status; HSES, high socioeconomic status; IBP, international biological 
program 

Introduction
Anthropometric somatotyping is one of the methods which 

describes the body shape and composition. The term somatotype and 
it is three components (endomorh, mesomorph and ectomorph) were 
described in 1940 by Sheldon and his co-workers.1 Later Heat and 
Carter introduced the simplified method for somatotyping and in the 
last few decades it has been the most used for studying body physics 
variations in children, adolescents and adults among populations, age 
changes and sex differences.1 Somatotype is physical expression of 
long-term interaction between personal genotype and external factors. 
The study of body constitution and relations with socioeconomic 
factors that can influence growth in the period of childhood and 
adolescence is of great interest of researchers. It can contrubute to 
better understanding of variations in body shape in the adult period 
and understanding the factors responsible for these variations.2

 Somatotype in adults is relatively stable and the most common 
factors that can influence on the changes in body shape and structure 
are the eating habits and physical activity, but in the period of childhood 
and adolescence somatotype changes because of the different time 
of puberty and sexual maturity.3‒6 In many anthropological studies 
that have examined the growth and development in children and 
adolescents, the knowledge about changes in somatotype during 
growth has contributed to better understanding of sex and age 

differences and changes in body composition.7‒12

 Beside genetic factor that influences the dynamics of growth and 
development and biological structure of child’s and adolescent’s body 
socioeconomic factors are of great importance thus, we can conclude 
that interaction between genotype and external factors is a complex 
process.13 By frequent anthropometric measurments and following 
of changes in the body composition and shape during the period of 
childhood and adolescence, the socioeconomic circumstances of 
living and the impact of socioeconomic factors on genetic potential for 
linear growth can be proven. According to some researchers growth 
and somatotype change having in mind different socioeconomic 
status and parents aducation and employment status has impact.11,14‒17 
Macedonia belongs to developing countries with a high percent of 
unemployed residents (34.9% in 2007) and only 8% of people with high 
education.18 Although Macedonia has no problem with malnutrition, 
the World Bank reports 7% of residents with low level of income, 
hence they cannot receive minimal calories intake.19 According to our 
knowledge there are no studies analyzing the impact of socioeconomic 
factors on body composition of Macedonian adolescent population. 
Therefore, the main objective of our research was to assess the impact 
of socioeconomic status, educational level and employment status of 
adolescent’s parents on their body composition.

Materials and methods
Participants

The sample included 2388 adolescents from four urban different 
regions of R. Macedonia aged between 11 to 18years; 1236 males 
and 1152 females. Participants from selected schools and classes were 
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Abstract

Objectives: The main objective of the study was to assess the impact of socioeconomic 
factors on somatotype components in Macedonian adolescents at the age 11 to 18years. 

Methods: The study included 2388 adolescents (1236 males and 1152 females) from 
four urban cities in R. Macedonia. Participants were measured with standard equipment 
and measurement technique according to the International Biological Program. Ten 
anthropometric parameters were measured to assess the somatotype according to Heat–
Carter somatotyping method. The examinees filled out the questionnaire with the data on 
socioeconomic status, parent’s education and employment.

Results: There were significant differences for endomorph component in male adolescents 
between those with parents with high and low level of education. There were significant 
differences for mesomorph component in males related to parents educational level. 
Ectomorph component had a higher value in male adolescents when mother is with low 
educational level and when mother and father are unemployed. There were significant 
differences for endomorph component in female adolescents in relation to all socioeconomic 
factors except for employment status of the father; mesomorph and ectomorph component 
in females were related to parents educational level. 

Conclusion: Our findings suggest that socioeconomic factors may be related to somatotype 
components in Macedonian adolescents.
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informed about the objective of the study and their parents signed 
the informed consent for participation in the research. All adolescents 
were healthy at the time of this study. In order to avoid errors in the 
selection of the sample, volunteer students were not included. Some 
of the participants that did not answer some of the questions about 
SES and educational level and employment status of parents were 
excluded from statistical analysis. This study is a cross-sectional one 
using background questionnaire and anthropometric measurements. 
Every participant has his/her own anthropometric file with the basic 
information: name, gender, and date of birth, place of birth, date of 
examination and values of measured anthropometric parameters. 
The University Human Research Ethics Committee approved the 
experimental protocols.

Anthropometry and somatotype measurement

For evaluation of somatotype ten anthropometric variables were 
selected and measured according to the International Biological 
Program (IBP): body height, elbow diameter and knee diameter; 
body weight, four skinfolds (triceps, subscapular, supraspinale and 
calf); and two circumferences (arm and calf). The following standard 
anthropometric instruments were used: for measuring body height 
anthropometer by Martin, with 1 mm reading accuracy; decimal 
weight scale; “John Bull” caliper square for determination of skin-
folds with pressure of 10g/cm2 and precision of 0.1mm; elastic band, 
also with 1mm reading accuracy, for measuring circumferences; and 
caliper square for measuring of diameters with reading precision of 
1mm and weight scale for measuring body weight. Anthropometric 
measurements were made during school hours, not interrupting the 
lessons. Subjects were standing, facing ahead, and body height was 
measured as maximum distance from the floor to the highest point 
on the head. Shoes were off, both feet together, and arms at the sides. 
Heels, buttocks and upper back were in contact with the wall. Body 
height measurement can vary throughout the day, usually being higher 
in the morning, so to ensure reliability we measured height at the same 
time of the day. 

Somatotype components were assessed using the Carter Heat 
somatotyping method. The anthropometric somatotype was calculated 
by the following equations:20 

Endomorphy=−0.7182+ (0.1451×X) – (0.00068×X2) + 
(0.0000014×X3), where X=(sum of triceps, subscapular, and 
supraspinal) × (170.18/height, cm).  Mesomorphy= (0.858 × humerus 
breadth) + (0.601× femur breadth) + (0.188×corrected arm girth) 
+ Postural Stability in Children 175 (0.161×corrected calf girth) − 
(height×0.131) + 4.5, where corrected arm and calf circumferences 
are the respective limb circumferences minus the triceps and medial 
calf skinfolds. Three equations were used to calculate ectomorphy 
according to the height weight ratio (HWR): If HWR is ≥40.75 then 
ectomorphy=(0.732×HWR) − 28.58; if HWR is less than 40.75 but 
greater than 38.25, then ectomorphy=(0.463×HWR) − 17.63; if HWR 
≤38.25, then ectomorphy= 0.1.

Socioeconomic factors

For measuring family wealth, the Family Affluence Scale (FAS) 
has been used, designed by WHO - Health Behaviour in School-Aged 
Children (HBSC), which was anonimously filled by the participants, 
Currie et al.,21 The FAS scale is composed of four items about 
household’s financial situation, including: car ownership, bedroom 
occupancy standards, holidays and home computers. Students were 
classified according to the summed score of the items, with the overall 
score being recorded to give values of FAS 1 (0-3) low SES, FAS 
24,5 middle and FAS 36,7 high SES. Participants also gave information 
about the level of education and employment status of their parents.

Statistical analysis

The data were analyzed with descriptive statistics represented by 
measures of central tendency and its deviation (arithmetic mean value 
and standard deviation). The significant differences between groups, 
formed by a different level of factors were evaluate through LSD test 
by ANOVA, on significance level p<0.05. The statistical package for 
the social sciences (version 20.0, SPSS Inc, Chicago, IL) was used 
for all statistical analysis. Somatotype-Calculation and Analysis V1.1. 
Monte Goulding, Sweat Technologies, Mitchell Park, South Australia 
software was used to determine somatotypes.

Results and discussion
Descriptive statistics of somatotype components in relation to 

level of education and employment status of adolescents’ parents and 
socioeconomic status in males are presented in Table 1‒5. There were 
significant differences of endomorph component in male adolescents 
in relation to all socioeconomic factors except for fathers employment 
status (p<0.05). Endomorph component had higher values 3.88±1.83 
SE (somatotype unit) and 3.79±1.81 SE in males whose mother and 
father had completed University, contrary to males who live with 
parents with primary school: 3.00±1.55 SE and 3.19±1.84 SE (Table 
1 & Table 3). Endomorph component also had higher values when 
mother is employed 3.71±1.82 SE and low value when mother is 
unemployed 3.23±1.56 SE (Table 2). In relation to socioeconomic 
status a significant difference was found only for endomorph 
component and it had higher values in those with high socioeconomic 
status (3.69±1.78 SE), than those with low socioconomic status 
(3.25±1.54 SE) (Table 5).

 There were significant differences for mesomorph component 
in males related to parental educational level (p<0.05). Mesomorph 
component is dominant when adolescents’ mother and father had 
University degree or have completed primary school and values were 
lower in those whose parents have completed high school (Table 1 & 
Table 3). Ectomorph component had higher value (3.39±1.54 SE) in 
male adolescents when mother had completed primary school than 
in those with University degree (2.89±1.49 SE), and in those whose 
mother and father are unemployed (3.26±1.52 SE and 3.31±1.64 SE), 
contrary to those with employed parents (2.95±1.56 SE and 3.02±1.54 
SE) (Table 1, 2 & 4). 

Table 1 Descriptive statistics of somatotype components related to mothers’ educational level in males

 
Primary High school University

F p Post hoc pair waise 
comparisonsMean SD Mean SD Mean SD

Endomorphy 3.01 1.55 3.53 1.72 3,89 1,83 19,48 ,000 1&2; 1&3; 2&3

Mesomorphy 3.91 1.3 3.59 1.51 3,92 1,44 7,99 ,000 1&2; 2&3

Ectomorphy 3.4 1.5 3.04 1.6 2,89 1,49 8,09 ,000 1&2; 1&3
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Table 2 Descriptive statistics of somatotype components related to mothers’ employment status in males

 
Employed Unemployed

F p
Mean SD Mean SD

Endomorphy 3.71 1.82 3.23 1.56 21.35 0

Mesomorphy 3.76 1.51 3.75 1.34 0.04 0.848

Ectomorphy 2.95 1.57 3.27 1.52 11.75 0.001

Table 3 Descriptive statistics of somatotype components related to fathers’ educational level in males

 
Primary High school University

F p Post hoc pair waise 
comparisonsMean SD Mean SD Mean SD

Endomorphy 3.19 1.84 3.48 1.69 3.79 1.81 7.06 0.001 1&3; 2&3

Mesomorphy 3.94 1.38 3.63 1.46 3.89 1.42 5.46 0.004 1&2; 2&3

Ectomorphy 3.31 1.61 3.07 1.54 2.99 1.57 1.93 0.146 NS

Table 4 Descriptive statistics of somatotype components related to fathers’ employment status in males 

 
Employed Unemployed

F p
Mean SD Mean SD

Endomorphy 3.58 1.75 3.32 1.78 2.97 0.085

Mesomorphy 3.76 1.45 3.68 1.47 0.43 0.513

Ectomorphy 3.03 1.54 3.31 1.64 4.64 0.031

Table 5 Descriptive statistics of somatotype components related to socioeconomic status in males 

 
LSES1 MSES2 HSES3 

F p Post hoc pair waise 
comparisons Mean SD Mean SD Mean SD

Endomorphy 3.25 1.55 3.59 1.81 3.69 1.79 5.26 0.005 1&2; 1&3

Mesomorphy 3.73 1.38 3.7 1.49 3.86 1.45 1.42 0.241 NS

Ectomorphy 3.19 1.5 3.03 1.61 3.02 1.51 1.1 0.333 NS

LSES1- low socioeconomic status

MSES2-middle socioeconomic status

HSES3-high socioeconomic status

Descriptive statistics of somatotype components in relation to 
level of education and employment status of adolescents’ parents 
and socioeconomic status in females are presented in Tables 6‒10. 
There were significant differences of endomorph component in 
female adolescents in relation to all socioeconomic factors except for 
employment status of the father (p>0.05). Endomorph component had 
higher values in females whose mother and father have completed 
high school (4.65±1.45 SE and 4.58±1.44 SE), contrary to females 
who live with parents with completed primary school (4.28±1.48 
SE and 4.24±1.52 SE) (Table 6 & Table 8). Endomorph component 
had also higher value when mother is employed (4.55±1.36 SE) 
and lower value when mother is unemployed (4.35±1.47 SE) (Table 
8). In relation to socioeconomic status a significant difference was 
found only for endomorph component and it had higher values in 
those with middle socioeconomic status (4.58±1.46 SE) than in those 
with low socioconomic status (4.23±1.44 SE) (Table 10). There were 
significant differences of mesomorph component in females related 
to parents’ educational level (p<0.05). Mesomorph component was 
dominant when adolescents’ mother and father had completed primary 

school (3.46±1.18 SE and 3.54±1.23 SE) and values were lower 
in those whose parents had University degree (2.89±1.16 SE and 
2.87±1.13 SE) (Table 6) (Table 8). There were significant differences 
of ectomorph component in female adolescents only in relation to 
educational level of parents (p<0.05). Higher values of ectomorph 
component had those with both parents had completed University, and 
the lowest values were found in those whose parents had high school 
(Table 6) (Table 10).

 There are a lot of studies according to which body growth and 
somatotypes change under socioeconomic circumstances of living, 
but there are few studies conducted on Macedonian population. In 
this study we confirmed the positive relation of some socioeconomic 
factors (socioeconomic status, parents’ level of education and 
employment status) and somatotype components in Macedonian 
adolescent population aged 11 to 18years. Rahmawati et al.15 Studied 
the differences of body height, weight and somatotypes between two 
groups of children and adolescents at the age of 7 to 15years from 
rural and urban regions in Indonesia. According to their study in 
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both males and females from urban region of Yogyakarta from well-
situated families endomorph component was dominant, compared 
to those from rural region of Bantul, who were more mesomorphic, 
especially those from families with lower socioeconomic status 
and over the age of twelve. Also ectomorph component had higher 
values in both sexes in children from rural region of Indonesia. In 
the study of Turkish scientists Can Pelin et al. about the impact of 
socioeconomic conditions on somatotype components in healthy 
male adolescents at the age of 11, from Ankara, Turkey, adolescents 
from families with high SES and parents with high educational level 
were more endomorphs. Those who live in middle SES had lower 
mesomorph values than those with low or high SES. According to 
them the impact of educational level on body shape is higher than 
socioeconomic living conditions.16 M. Jesus Munoz states that there 
are important differences in body shape and composition especially 
in males in relation to SES and level of education of father and 
employment status of mother.17 The most variable components were 
endomorph and mesomorph, with higher values in those adolescents 
who live in lower, and ectomorph is dominant in adolescents who 
live in high socioeconomic circumstances. Their results of body shape 
showed to be more constant in females in relation to SES.17 Similar 
results were presented in the studies of Dibamani Singh et al. and 
Teles Julia et al.22 according to whom endomorph component had 
higher values in adolescents from middle SES compared to those with 
high SES.14,22 In our study we found a great variability of all three 

components in relation to educational level of both parents of male 
adolescents. They had significantly higher values for endomorph and 
mesomorph components when parents had high education. Ectomorph 
component was significantly dominant in those male adolescents with 
low educated mother but we did not find a significant difference in 
relation to fathers’ education for ectomorph component. Endomorph 
and ectomorph component were significantly different; endomorph 
values were higher when the mother of male adolescents was 
employed and lower when the mother was unemployed. Simillarly 
results were obtained in males whose father was unemployed. SES 
had impact only on endomorph component which had higher values 
when SES was high in males. Simillar results we got for somatotype 
components of female Macedonian adolescents in relation to 
socioeconomic factors. The most significant differences for all three 
components were found in females in relation to educational level 
and employment status of mother, and there were no differences 
in relation to employment status of father. Our results have shown 
that mothers’ educational level and employment status had higher 
impact on body composition in both males and females than father’s 
education and employment and SES. This might be a result of higher 
influence of the mother on eating habits as well as of lifestyle of their 
adolescents. Those adolescents from parents who are unemployed are 
more exposed to physical activity and the monthy income is lower; 
hence they can not afford themselves fast food which is more caloric.

Table 6 Descriptive statistics of somatotype components related to mothers’ educational level in females

 
Primary High school University

F p Post hoc pair waise 
comparisons 

Mean SD Mean SD Mean SD

Endomorphy 4.28 1.49 4.65 1.45 4.38 1.25 7.55 0.001 1&2; 2&3

Mesomorphy 3.46 1.19 3.11 1.33 2.9 1.16 15.9 0 1&2; 1&3; 2&3

Ectomorphy 3.11 1.61 2.78 1.49 3.15 1.36 8.3 0 1&2; 2&3

Table 7 Descriptive statistics of somatotype components related to mothers’ employment status in females 

 
Employed Unemployed

F p
Mean SD Mean SD

Endomorphy 4.56 1.37 4.36 1.48 5.54 0.019

Mesomorphy 3.03 1.27 3.3 1.25 12.74 0

Ectomorphy 2.95 1.43 3.01 1.59 0.52 0.473

Table 8 Descriptive statistics of somatotype components related to fathers’ educational level in females 

 
Primary High school University

F p Post hoc pair waise 
comparisons 

Mean SD Mean SD Mean SD

Endomorphy 4.25 1.53 4.58 1.45 4.38 1.26 4.66 0.01 1&2; 2&3

Mesomorphy 3.54 1.23 3.16 1.31 2.87 1.14 16.5 0 1&2; 1&3; 2&3

Ectomorphy 3.02 1.56 2.89 1.53 3.14 1.4 3.36 0.035 2&3
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Table 9 Descriptive statistics of somatotype components related to fathers’ employment status in females

 
Employed Unemployed

F p
Mean SD Mean SD

Endomorphy 4.49 1.41 4.26 1.3 3.62 0.057

Mesomorphy 3.09 1.27 3.22 1.2 1.54 0.216

Ectomorphy 2.99 1.5 3.08 1.47 0.48 0.491

Table 10 Descriptive statistics of somatotype components related to socioeconomic status in females
 

 
LSES1 MSES2 HSES3 

F p
Post hoc pairwaise

Mean SD Mean SD Mean SD comparisons 

Endomorphy 4.23 1.44 4.58 1.47 4.54 1.29 6.13 0.002 1&2; 1&3

Mesomorphy 3.21 1.32 3.15 1.3 3.03 1.17 1.75 0.175 NS

Ectomorphy 3.11 1.68 2.89 1.47 3 1.35 2.09 0.124 NS

LSES1- low socioeconomic status

MSES2-middle socioeconomic status

HSES3-high socioeconomic status

Conclusion
Somatotype in the period of adolescence give information not 

only about sex and age differences of body shape in this sensitive 
period of growth and development but also give information on body 
composition. Our study had a goal to examine one, until now, not 
investigated issue, to assess the impact of some socioeconomic factors 
on somatotype components of the population group of adolescents 
of both males and females in the Republic of Macedonia. According 
to our study socioeconomic factors are related to somatotype 
components, especially with endomorph and mesomorph component 
of somatotype of Macedonian adolescents. We can conclude that 
parents’ educational level and employment status had some influence 
on body shape and composition. When determining the somatotype of 
Macedonian adolescents socioeconomic inequalities and sex should 
be considered. 
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