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The aim of the paper is to determine the height, weight and BMI in adult population of Vojvodina. In males, 
the average height is 174 cm and the weight is 81 kg, while BMI equals 26.78 kg/m2. As for females, the 
average height and weight is 161.73 cm and 67 kg, respectively. In comparison with males, BMI is lower, 
equaling 25.55 kg/m2. In both of the sexes, there is a decreasing trend in height as the age is older. As for the 
weight and BMI, an increase in relation to the age is observed. Males are mostly overweight (40.36%), and 
most of the female subjects are of normal weight (48.99%). In both males and females, lower height averages 
are observed in subjects with compulsory education, whereas those with higher education show greater 
height. The lowest BMI is found in subjects with higher education while the greatest values are recorded in 
subjects with only compulsory education.
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Introduction

Height and weight are the best indicators of body size, constitution and physical status of 
an individual and human populations. The two traits are influenced by genetic factors, 
although a significant role in their formation is given to environmental factors as well as 
socio-cultural and ethnic characteristics of a population. Anthropological investigations of 
adult population of different ethnic groups [2] and their changes caused by ageing [4] have 
already been conducted in Vojvodina. In many studies a correlation of social factors and 
height was observed. Social and material difficulties during foetal life and childhood may 
contribute to differences in height among different social groups in a society. In Sweden, 
[11] a highly positive correlation between the height and level of education was observed 
in a large sample of the population. The lowest height in the 18-year-old Polish was 
recorded in the subjects with poor education background, while the greatest height was 
observed in the subjects with highest education [7].

The height and body weight ratio can determine body proportions and nutritional 
condition. The simplest way to determine nutritional condition is to use body mass index 
(BMI), i.e. the ratio of weight and square height (kg/m2). According to World Health 
Organization (WHO), BMI is useful in assessing nutritional status and living conditions, 
and at the same time, it can indicate obesity disease risks. Individuals with a BMI above 
normal weight limit can have serious health problems that may even result in premature 
death. BMI is influenced by the age, gender, socio-economic conditions and ethnic belong­
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ing. Many studies conducted worldwide [18,20, 8, 21,10,13, 23, 9, 5,12, 3,1, 6, 22] and 
in our country [14, 15, 16,17] have confirmed the usefulness of BMI in assessing nutri­
tional condition of adults.

According to the studies conducted by Serbian Institute of Health Protection in 2000, 
more than half of the adult Serbian population (54%) are above normal weight limit, i.e. 
36.7% are overweight while 17.3% are obese. The prevalence (overweight and obesity) is 
found in Vojvodina region (58.5%).The average BMI in adult population of Serbia equals 
26± 4.74 kg/m2. The results of Vojvodina population investigations conducted within 
MONICA project [6] showed 20% obesity prevalence. The data pointed to the necessity of 
a permanent nutritional condition assessment in order to reduce the number of categories 
with potential health risk.

The present paper is a part of an investigation of adult population of Vojvodina that 
has been conducted since 1996. The aim of the paper is to determine the height, weight 
and BMI in adult population of Vojvodina, the variations of these traits caused by ageing 
and the influence of the level of education upon them.

Material and Methods

An anthropological investigation of height and weight in adult population of Vojvodina 
was conducted in rural regions of Vojvodina Province: Srem, Banat and Backa. The paper 
discusses the data related to the population of Serbian nationality older than 20 years of 
age with ancestors born in Vojvodina. In Srem, the investigation was conducted during 
1996 and included 745 subjects (433 males and 312 females). In other two regions, Banat 
and Backa, the investigation was conducted in the period 2000 — 2006. In total, 611 
subjects were from Banat region (276 males and 335 females), while 433 were coming 
from Backa (210 males and 223 females). The average age of male and female subjects was 
37.54±10.26 and 37.89±10.28, respectively.

The investigation was conducted in compliance with International Biological Pro­
gram [24] and (WHO) [25] using the standard anthropological instrument by Martin. Data 
bases for each of the sexes were created using Excel. Data processing was conducted by 
descriptive statistical method in SPSS program [10]. The differences in means were tested 
by t-test and linear regression coefficient R was employed for estimating the influence of 
ageing and level of education upon the investigated traits and BMI.

On the basis of their height and weight measures, BMI was calculated for each of the 
subjects and according to the values obtained, they were classified by WHO categories of 
nutritional condition.

On the basis of the date of the investigation and their date of birth, the decimal age of 
all of the subjects was calculated. In relation to this value, the population was divided into 
5 age groups, the youngest including the subjects aged 20-29 (19.5-29.499), and the oldest 
including those over 60 years of age (more than 59.5).

According to the level of their education, the population was divided into 3 catego­
ries: those with compulsory education (8 years), further education (12 years) and higher 
education (14 or 16 years of education).

Results

The results of descriptive statistical analysis of height, weight and BMI of Vojvodina pop­
ulation are given in Table 1.
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Table 1, Means (SD) of body height, body weight and BMI in males and females
Age Body height Body weight BMI

Mean SD Mean SD Mean SD Mean SD
Males 37.54 10.26 174.20 7.25 81.31 14.17 26.78 4.25
Females 37.89 10.28 161.73 6.33 66.76 12.23 25.55 4.61

The average age of the subjects of both sexes is approximately 37 years. In males, the 
average height is 174 cm and the weight is 81 kg, while BMI equals 26.78 kg/m2. As for 
females, the average height and weight is 161.73 cm and 67 kg, respectively. In comparison 
with males, BMI is lower, equaling 25.55 kg/m2.

Table 2. Distribution of height, weight and BMI in population of different age
20-29 30-39 40-49 50-59 >60

N X SD N X SD N X SD N X SD N X SD
Males
Body height 237 176.73 7.22 319 174.89 7.00 264 172.50 6.94 103 171.52 6.31 16 168.11 7.71
Body weight 237 77.59 11.71 319 82.88 14.96 264 82.51 14.92 103 82.26 13.56 16 79.25 13.94
BMI 237 24.82 3.31 319 27.06 4.33 264 27.67 4.44 103 27.93 4.13 16 27.93 3.87
Females
Body height 220 163.27 6.30 280 163.07 6.34 262 160.52 5.72 113 159.06 5.84 13 154.17 5.54
Body weight 220 61.89 10.39 280 66.38 11.50 262 69.61 13.06 113 70.26 12.18 13 69.54 13.07
BMI 220 23.20 3.57 280 24.98 4.25 262 27.00 4.76 113 27.76 4.53 13 29.13 4.38

Table 2 shows the distribution of height, weight and BMI in population of different 
age. In both of the sexes, there is a decreasing trend in height as the age is older. The males 
of the youngest age group (20-29) show the greatest height (176.73cm). With age, the 
height gradually decreases, the lowest value being recorded in oldest subjects (168.11cm). 
The decrease approximately equals 9 cm.

As for the weight and BMI, an increase in relation to the age is observed. The lowest 
weight is recorded in youngest subjects (77.59 kg), in the following 3 groups it increases 
equaling approximately 82 kg. After the age of 60, however, there is a certain decrease 
(79 kg). The BMI values indicate a rather regular increasing trend. In youngest subjects it 
equals 24.82 kg/m2, thus pointing to normal nutritional condition of males, while in all 
other groups it is greater than 27 kg/m2, indicating the overweight in older age.

A similar trend is observed in female subjects. The height shows a negative trend, 
decreasing from 163.27 cm (20-29 years of age) to 154.17 cm (>60 years of age). As it is 
the case with males, this decrease approximately equals 9 cm. The weight increases from 
61.89 kg (20-29 years of age) to 70 kg (>60 years of age). The average BMI indicates that 
females are characterized by normal weight till the age of 40, after which an increase of 
overweight subjects is recorded.

Table 3. Averages and standard deviation of the height, weight and BMI in males and females with 
different level of education

Age Body height Body weight BMI
Males n X SD X SD X SD X SD
Compulsory education 214 36.86 10.16 171.97 6.99 79.96 15.31 26.99 4.67
Further education 589 37.01 9.98 174.93 7.18 81.66 14.09 26.67 4.19
Higher education 116 41.00 10.98 174.40 7.37 80.76 11.82 26.57 3.79

Females n X SD X SD X SD X SD
Compulsory education 213 40.07 11.05 158.67 6.71 67.14 13.41 26.68 5.15
Further education 509 36.69 9.89 162.29 5.73 66.65 11.97 25.32 4.48
Higher education 148 38.61 9.81 164.29 5.90 66.81 11.28 24.76 3.95
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Table 3 shows the averages and standard deviation of the height, weight and BMI in 
males and females with different level of education. In both of the sexes, the largest num­
ber of subjects are with further education (64.09% of males and 58.50% of females). About 
24% of the subjects of both sexes are registered with only compulsory education, while the 
number of subjects with higher education is greater in females (17.01%) than in males 
(12.62%). As for the height, it ranges from 171.97 cm in males with compulsory education 
to 174.93 cm in subjects with further education. The average height of males with further 
and higher education is approximately the same (174 cm), while significantly lower values 
of height are recorded in males with compulsory education (p<0.01). A similar trend is 
observed in the weight value, ranging from 79.96 kg (males with compulsory education) to 
81.66 kg (males with further education). However, these variations are not statistically 
significant. The BMI averages are approximate, equaling more than 26 kg/m2 in all three 
groups. The lowest value is recorded in males with higher education (26.57 kg/m2) while 
the highest is found in males with only compulsory education (26.99 kg/m2). These varia­
tions, however, are not statistically significant.

In females, a similar trend of the average height and weight distribution is observed. 
The greatest height is recorded in females with higher and further education (164.29 cm 
and 162.29 cm respectively), while the lowest values are observed in subjects with compul­
sory education (158.67 cm). Statistical differences are recorded among all three groups 
(p<0.01). A similar trend is observed in weight, although the values are more uniform, 
equaling about 67 kg for all three groups, with no statistically significant differences re­
corded. The smallest BMI is found in females with higher education (24.76 kg/m2), while 
the greatest values are recorded in females with compulsory education (26.68 kg/m2). In 
comparison with two other groups, females with compulsory education show significantly 
higher BMI (p<0.01). As for the females with further and higher education qualifications, 
no significant differences in BMI averages are observed.

Table 4 and 5 presents the results of regressive analysis of height, weight and BMI in 
relation to the age and level of education in males and females. It also points to the 
significance of differences among the investigated traits in relation to both of the indepen­
dent variables. With ageing, a significant decrease in height and an increase in weight and 
BMI are observed in both of the sexes. The level of education highly influences the height 
of both males and females as well as the BMI of females. As for the weight, no significant 
correlation is observed with the level of education.

Table 4. Results of linear regression analyses for variables related to body height, body weight and BMI 
in males

Independent 
variable

Body height Body weight BMI

P F P P F P P F P
Age -0.267 70.375 .000 0.113 11.872 0.001 0.260 66.385 0.000
Education 0.127 14.948 .000 0.027 0.694 0.405 -0.032 0.946 0.331

Table 5. Results of linear regression analyses for variables related to body height, body weight and BMI 
in females

Independent 
variable

Body height Body weight BMI

P F P P F P P F P
Age -0.279 73.309 0.000 0.258 62.051 0.000 0.383 149.66 0.000
Education 0.294 82.41 0.000 -0.010 0.095 0.759 -0.139 17.136 0.000
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Table 6. Categorization of BMI in males and females
Category Males Females

n % n %
Severe underweight 
Medial underweight

< 16
16 - 16.9 1 0.11 1 0.11

Moderate Underweight 17 - 18.4 2 0.21 21 2.36
Normal weight 18.5 - 24.9 356 37.91 435 48.99
Overweight 25 - 29.9 379 40.36 290 32.66
Obesity 30 - 39.9 196 20.87 134 15.09
Pathological obesity > 40 5 0.53 6 0.68

Table 6 shows the categories of BMI in both males and females. Males are mostly 
overweight (40.36%), normal weight is found in 37.91% and obesity is present in 20.87% 
of the cases. The underweight and pathological obesity categories are recorded in a very 
small per cent.

Most of the female subjects are of normal weight (48.99%), the number of the over­
weight equals 32.66% and obesity is lower than it is the case with males (15%). Under­
weight category is present in a rather small per cent (0.11%), while pathological obesity is 
recorded in 6 cases (0.68%).

Discussion

The paper analyzes the height, weight and nutritional condition of adult population of 
Vojvodina. The investigation includes the population of rural areas that cover almost the 
entire territory of Vojvodina. The subjects are of Serbian nationality with the average age 
37 ± 10.27. The paper determines the changes of morphological characteristics in relation 
to the age, as well as the influence of the level of education upon these characteristics.

According to Martin classification, the population of both sexes are characterised by 
great height. The average height in males and females equals 174 cm and 162 cm, respec­
tively. When compared with previous investigations of Vojvodina population [2], the ob­
tained values are significantly higher, thus indicating acceleration. The rural population of 
Vojvodina has approximate height with the population of the city of Novi Sad (males 175 
cm and females 162 cm - the results of a project focusing on cardiovascular diseases) [6]. 
The investigation points to a decrease in height in relation to ageing, the difference be­
tween the youngest and oldest category being significant — 9 cm in both of the sexes. The 
differences observed in previous investigations are somewhat smaller, equaling 6 cm [4].

The weight values are influenced by various endogenous and exogenous factors, thus 
they can show great variations in human populations. The average weight in males and 
females equals 81 kg and 67 kg, respectively. The regressive analysis points to a significant 
correlation between the weight and age, in both males and females. In males, the lowest 
average is recorded in the age group 20-29. In older age groups, the average is higher (82 
kg), although after the age of 60 the weight values decrease. In females, however, increas­
ing weight is still observed in older age. A similar trend was also recorded in previous 
investigations [4].

The average BMI in males is 26.78 kg/m2, while in females it is lower, equaling 25.55 
kg/m2. Similar BMI averages for identical age are reported to be found in England, Scot­
land and Whales [9]. American population measured in the period 1988-1994 [8] shows 
similar averages for ages 30-59 (males 27.1 kg/m2, females 27.0 kg/m2). The same refers to 
American white females of the average age 47.7 [10]. In Hungary [22], the females of the 
average age 45.44±4.45 are characterized by somewhat higher BMI (26.32 kg/m2). Vojvo­
dina population shows higher BMI values in relation to Italian imigrants to USA of the 
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same age [3]. The same holds good in relation to France [18], developing countries [20], 
Denmark [13], Brazil [23] and Japan [5].

BMI categorization indicates that the greatest number of males are overweight (40.36%), 
followed by those of normal weight (37.91%) and finally those classified as obese (21%). 
In females, the situation is as follows: 48.99% are with normal weight, 32.66% are over­
weighted, and 15% are obese. Similar distribution has already been recorded in Vojvodina 
region [14, 15, 16, 17], as well as in Bulgaria, regarding male subjects [1]. The values 
obtained for different age groups in both males and females point to an increase of BMI 
with ageing, a trend already observed in previous investigations in Serbia [6] and world­
wide [8,5]. The averages of males indicate that they are with overweight in all age groups. 
As for females, up to the age of 40 they are mostly of normal weight, while in older age 
they are overweight.

In both males and females, lower height averages are observed in subjects with com­
pulsory education, whereas those with higher education show greater height. The same, 
positive influence of education upon the height has recently been reported [11,7]. Regard­
ing the weight, no significant influence is observed, while in BMI, certain variations are 
recorded among the subjects. The lowest BMI is found in subjects with higher education 
while the greatest values are recorded in subjects with only compulsory education. The 
variations are more observable in females, the fact also observed in some European coun­
tries [21 ] and in America [ 12]. This draws a conclusion that educated women are probably 
more aware of their appearance and pay more attention to fashion trends and their looks.
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