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Summary. The secular trend is biological indicator for assessing the degree of socio-economic
development of a country. The study aims to analyze the secular trend of height and weight
of children 3-11 aged in the city of Novi Sad (Serbia) in the period between 1971 and 2017.
An anthropometric investigation was conducted six times within the stated period. The data
are presented for a total of 13037 children (6969 boys; 6068 girls) on the territory of Novi
Sad.The results point to a positive secular trend, although this is not observable in all ages
and decades. The mean height of preschool boys and girls increased 0.21 cm and 0.11 cm
per decade respectively, while in school boys and girls an increase was 0.70 cm and 0.55 cm
per decade. The mean weight of preschool boys and girls increased 0.1 kg and 0.03 cm per
decade respectively, while in school boys and girls an increase was 0.69 kg and 0.57 kg per
decade. The magnitude of secular changes in body height and weight was not stable. These
results possibly reflect a very turbulent socio-economic and political situation in the country,
which began in the 1990s.
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Introduction

Secular changes represent marked changes in growth processes and adult body size of
successive generations in a given population (Malina, 1990; Bogin, 1999). They can be
perceived as a natural biological experiment reflecting complex interaction of genes,
physiology and the environment that all define the body shape and size from generation to
generation (Cole, 2003). The secular trend is biological indicator that is used in auxology and
for assessing the degree of socio-economic development of a country, which is important
information for public health policies (Rao et al., 2012). Human biological characteristics are
influenced by genetic factors and also by the natural and socio-economic environment.It is
well known that height of individuals is a significant index of nutrition and health of a
population (Akachi and Canning, 2007; Deaton, 2007). The positive secular trend in
populations within the developing world has largely been attributed to improved nutrition,
health conditions and socio-economic circumstances (Komlos, 1994). Negative secular
change in a population’s height is a response to environmental deterioration and has been
observed in some contemporary populations (Neyzi et al., 1996; Akachi and Canning,
2007).0n the other hand, Zellner et al. (2004) and Krawczynski et al. (2003) found a plateau
in German and Polish children’s height, respectively, which means that they achieved their
full genetic potential and/or that their socio-economic conditions had ceased to improve.
Additionally, positive changes have also been observed in weight all over the world reflecting
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recent increases in the prevalence of overweight/obesity in children (United Nations
Children’s Fund WHO 2012).

Secular changes in height and weight have been a focus of attention in various
populations, but there is not enough data regarding Serbian population. Bozi¢ et al.(2004)
published the results of height and weight of children aged 3 — 11 in the periods between
1971, 1981, 1991 and 2001 in Novi Sad, the capital of VVojvodina Province (North Serbia).
They found positive changes in height and weight in the decades 1971-1981 and 1981-1991.
However, in the period between 1991 and 2001 both positive and negative changes were
recorded, due to the change of politicaland economic situation in the country. In 1990, a
political and economic crisis started, causing a rapid fall of gross domestic product and living
standards. Lower values of height and weight recorded in 2001 were probably due to the
changes in living conditions or they possibly indicate that the acceleration reached its peak.

When the outer wall of sanctions was lifted in 2000 Serbia regulated its relations with
international political, economic and financial organizations and thus created better conditions
for intense economic reforms and dynamic economic growth. However, considerable regional
disproportions considering the level of human development appeared. In 2008 Human
Development Index (HDI) in the Province of Vojvodina (North Serbia) was almost identical to
the one referring to the whole country of Serbiaand the highest level of life quality was recorded
in South Backa District where the city of Novi Sad, the capital of the Province of VVojvodina, is
situated. The regime change in October 2000 and subsequent internationalization of Serbia
created better conditions for further development of the city. After a period of deterioration due
to the sanctions, the economy of the city of Novi Sad started strengthening. Apart from refugees
and immigrants who came to Novi Sad during the war years, the city started attracting a new
group of settlers, economic migrants. (http://www.politika.rs/scc/clanak/112039/Dunavsko-
savska-koncentracija). According to 2002 census, the Novi Sad population was 299.294 and in
2008 it reached 335.381. The data from 2009 document that 31% of the entire population lived
either in the capital city (Belgrade) or in Novi Sad, creating 40% of the working population
responsible for two thirds of the gross product and a half of the industrial income.

This study aims to describe the secular growth trend in height and weight in the city of
Novi Sad after 2000 in order to provide information on the impact of socio-economic
fluctuations on long-term changes in these characteristics. The study represents a
continuation of the research that began in 1971.

Subjects and Methods

An anthropometric survey of children aged 3-11 was conducted six times and included a
time interval of 46 years. Data are presented for a total of 13037 children (6969 boys; 6068
girls) examined on the territory of Novi Sad during this period. The first survey was
performed in 1971 (Gavrilovi¢ 1972, Gavrilovi¢ et al., 1972), and the subsequent in 1981
(Bozi¢-Krsti¢ 1983), 1991 (Bozi¢-Krsti¢ et al., 2000), 2001, 2009 (Raki¢, 2009) and 2017,
following the instructions of the International Biological Program (Weiner and Lourie,
1969; Lohman et al., 1988). The data for the period 1971-2001 were already published
(Bozi¢-Krsti¢ et al., 2004), but in order to obtain continuity and better insight into secular
changes they are also presented here. The survey was conducted in pre-school institutions
and primary schools situated in the center of the city of Novi Sad.
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Data collection

The data included children of Serbian nationality born in Novi Sad with similar socio-
economic background. According to the decimal age, the children were classified in age
classes (e.g. a child aged 3 belongs to the age class 2.500-3.4900). Height and weight were
measured using Martin’s standard anthropometric instrument (produced by Sieber Hegner,
Schweitz). Preschool children (aged 3-6) were measured in 1971, 2001, 2011 and 2017,
while school children (aged 7-11) were measured in 1971, 1981, 1991, 2001, 2009 and
2017. The subjects were lightly dressed and without shoes and were measured in the
morning hours. Body height was measured with an anthropometer in the standing erect
position, to the nearest 0.1 cm. Body weight was measured on electronic digital scale with
an accuracy of up to 0.1 kg.

Statistical Analysis

Arithmetical means with standard deviation (Mean£SD) for each group were calculated.
One-Way ANOVA with Bonferroni Post-hoc test was used for detecting differences among
the ages and the surveying periods and statistical difference was set at p<0.05. Sample data
were analyzed using Statistica for Windows software, version 13. All surveys were
approved by the Council of Department of Biology and Ecology, University of Novi Sad,
whose responsibilities include dealing with bioethical issues. The written consent for
measuring the children was obtained from the parents, Board of Management and school
principals. Individual contacts were made with school psychologists and/or pedagogues. In
pre-school institutions, the measurement of children was carried out after obtaining a consent
from directors and heads of preschool institutions, as well as from children’s parents.

Rezultati

Table 1 shows the sample size (n), the means, standard deviation (SD), F value and
significance as well as the Bonferroni correction for multiple comparisons of boys and
girls’ height at a specific ages.

The means do not statistically differ at the ages of 3 and 4 in both boys and girls and at
the ages 5 and 9 in girls. The greatest difference in height means is observed at the age of
11 in boys (F=12.013; P=0.000) and at the age of 6 in girls (F=7.885; P=0.000). The
greatest increase in height in the period 1971-2017 is recorded at the age of 11 (8.1 and 4.2
cm in boys and girls, respectively). In 5-year old boys the significant height increase is seen
in the period 2001 and 2011 (P<0.01). Considering pre-puberty age, the greatest differences
are present in 6-year-old subjects. In the period of 40 years (1971-2011) the 6-year-old boys
and girls have become taller by 2.7 and 2 cm, respectively. In puberty age, the statistical
difference in height is observed in all ages except the age of 9 in girls and the difference is
most noticeable at the age of 11. During the five-decade period, the changes recorded in
children aged 7 to 11 equal 3.5cm in boys and 2.8cm in girls, i.e. 0.7cm in boys and 0.55cm
in girls per decade.
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Table 1. Body height of Novi Sad boys and girls in different years of investigation.
Tabela 1. Visina tela decaka i devojéica u Novom Sadu u ispitivanim vremenskim periodima.

Boys Girls
Age Year n Mean SD ANOVA F(p) n Mean SD ANOVA F(p)
Bonferroni test Bonferroni test
3 1971* 71 100.1 4.3 2.570 (0.078) 63 99.4 48  2.372(0.095)
2001 84 100.1 3.6 78 97.9 3.8
20119 114 1014 5.3 110 99.0 4.3
4 1971* 124 1064 4.8 1.616 (0.185) 114 106.2 5.4  0.887 (0.413)
2001° 123 106.2 4.6 136 105.8 5.0
20119 129 107.3 5.9 126 106.7 5.3
2017" 67 107.4 3.9 - - -
5 1971* 190 113.8 5.2 3.276 (0.021) 167 112.1 51  2.129 (0.120)
2001 161 1126 5.1 151 1125 5.0
20119 124 1145 5.2 gld** 105 1134 5.5
2017" 159 113.7 4.8
6  1971* 425 119.0 5.3 10.460 (0,000) 367 118.1 5.3  7.885(0.000)
2001 202 120.0 6.1 194 119.1 5.3
20119 143 121.7 5.8 gla***; g/d* 138 120.1 5.1 gla***
2017" 158 121.1 55 flax** - - -
7 1971* 55 124.1 5.8 2.486 (0.030) 60 1235 54  2.739 (0.018)
1981° 352 1254 5.4 375 1246 5.1
1991° 115 126.7 5.6 110 1259 5.2
2001° 178 125.8 5.7 164 125.0 6.1
2009° 60 126.9 5.1 ela* 70 1254 5.7
2017" 127 1259 5.6 30 127.0 5.0 fla**; f/b*
8 1971* 76 130.3 7.0 5.573 (0.000) 69 128.9 5.6  2.802 (0.016)
1981° 774 130.2 5.7 389 130.0 5.9
1991° 113 131.7 5.7 112 129.4 5.7
2001° 160 131.7 5.6 167 130.6 6.0
2009° 107 132.7 5.9 elh*** 102 1316 5.1 ela*
2017" 43 1319 5.3 30 1314 538
9 1971 75 135.7 6.0 2.249 (0.048) 62 1353 59  0.881 (0.095)
1981° 410 136.4 6.4 408 135.9 6.3
1991° 114 136.7 4.8 77 137.2 6.0
2001° 164 136.3 6.5 144 137.3 6.4
2009° 92 136.7 6.6 85 137.1 6.7
2017" 32 1399 7.2 fla**; f/b* 30 136.2 8.3
10 1971° 64 1405 5.5 2.901 (0.013) 54 1406 8.0  4.123 (0.001)
1981° 410 1414 6.9 403 1411 7.2
1991° 118 143.2 6.6 126 1439 7.0 cla,f*
2001 125 142.8 6.2 110 1427 7.3
2009° 78 143.1 6.3 106 141.9 6.9
2017" 30 1424 6.8 30 1440 3.8
11 1971° 73 144.4 6.2 12.013 (0.000) 76 1472 7.0  5.124 (0.000)
1981° 397 146.9 7.0 380 147.6 7.3
1991° 114 147.1 7.0 98 1489 7.2
2001 89 1455 7.0 71 1487 8.1
2009° 85 149.0 6.5 elax**: e/d* 92 150.3 7.4 elb*
2017" 65 152.4 7.6  flab,c,d***; fid* 71 1514 7.2 f/a,b**

* P<0.05; ** P<0.01; *** P<0.001
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The statistical indicators of the subjects’ weight are given in Table 2.

Table 2. Body weight of Novi Sad boys and girls in different years of investigation.
Tabela 2. Masa tela deCaka i devojéica u Novom Sadu u ispitivanim vremenskim periodima.

Boys Girls
Age Year n Mean SD ANOVA F(p) n Mean SD ANOVA F(p)
Bonferroni test Bonferroni test

3 1971% 71 162 22  0.384(0.682) 63 16.1 25  3.986 (0.020)
2001° 84 162 1.8 78 152 1.8 ald*
20119 114 164 2.1 110 155 1.8

4 1971 124 178 25  0.952(0.415) 114 18.0 2.7  2.564(0.078)
2001° 123 18.0 24 136 17.3 2.5
20119 129 179 26 126 176 2.1
2017" 67 184 23

5 1971 190 21.0 2.9  3.273(0.021) 167 202 29  1.312(0.270)
2001 161 20.1 3.0 ald* 151 199 4.2
20119 124 20.2 3.7 105 195 2.5
2017" 159 20.7 2.8 - - -

6 1971%° 425 229 3.7  4.207 (0,006) 367 221 3.4  1.024(0.360)
2001° 202 234 46 194 224 4.0
20119 143 238 4.4 138 226 3.8
2017" 158 24.1 4.0 fla** - - -

7 1971° 55 249 43  4.385(0.001) 60 23.7 3.7  5.503 (0.000)
1981° 352 256 3.8 375 25.3 3.9
1991°¢ 115 27.3 5.2 cla* 110 26.4 45 cla**
2001° 178 264 5.7 164 25.0 4.7
2009° 60 274 45 ela* 70 26.3 4.6 ela**
2017" 127 26.1 4.2 30 273 4.1 flax*

8 1971° 76 27.0 48  6.842(0.000) 69 265 43  4.116 (0.001)
1981° 774 287 53 389 284 52
1991° 113 30.2 6.1 cla* 112 286 5.7
2001 160 29.4 5.8 d/a* 167 28.8 6.0
2009° 107 31.1 6.5 ela,b** 102 30.0 5.1 ela*
2017" 43 287 43 30 30.2 6.8 fla*

9 1971* 75 304 49  3.782(0.002) 62 30.1 56  3.493(0.004)
1981° 410 316 5.7 408 31.1 6.1
1991° 114 316 48 77 32353
2001° 164 32.0 7.3 144 325 6.8
2009° 92 333 7.1 ela* 85 336 7.3 efa,b*
2017" 32 349 70 fla**; f/b* 30 31.8 83

10 1971° 64 335 50  3.464(0.004) 54 325 54  3.500 (0.004)
1981° 410 354 7.2 403 348 7.1
1991° 118 37.0 8.2 cla* 126 36.6 8.2 cla**
2001 125 36.7 7.3 110 36.6 8.4 dla**
2009° 78 374 7.2 ela* 106 35.3 7.4
2017" 30 372 75 30 36.1 37

11 1971* 73 370 7.7 9.514(0.000) 76 36.8 6.2  4.528 (0.000)
1981° 397 38.7 7.5 380 39376
1991° 114 405 94 98 39.8 8.6
2001° 89 374 7.1 71 412 89 dla**
2009° 85 429 9.1 ela,b,d*** 92 419 8.1 ela***; e/b*
2017" 65 432 9.0 fla,b,d*** 71 394 6.1

* P<0.05; ** P<0.01; *** P<0.001
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The weight means do not statistically differ among the boys aged 3 and 4 and the girls
4-6 years of age. Statistical difference is present in all other ages and the greatest values
appear in 11-year-old boys (F=9.514; P=0.000) and 7-year-old girls (F=5.503; P=0.000).
The greatest increase in weight is observed in boys aged 11 (6.2kg) and girls aged 8
(3.6kg). Considering the 3-year-old subjects, the change in weight in the period 1971-2011
is positive in boys, while in girls it is negative, as the period 1971-2001 shows a significant
decrease (p<0.05). The weight change in subjects aged 4-6 is positive equaling 0.5 and 0.1
kg in boys and girls, respectively. In 5-year-old boys the weight values show significant
decrease (P<0.05) in the period of 30 years (1971-2001), while the opposite trend is
observed in 6-year-old boys (P<0.01). In puberty age, the weight means significantly differ
for all ages in both boys and girls. The overall increase in subjects aged 7-11 equals 3.5 kg
in boys and 2.9 kg in girls. Considering the changes recorded between 1971 and 2017, the
weight values show an upward trend, with an exception of the age of 5 of both boys and
girls (Table 2).

Discussion

The means of height and weight in most decades are approximately the same or above 50"
percentile of the US data, compared with CDC 2012 US reference (Anthropometric Reference
Data for Children and Adults: United States, 2007-2010). An exception to this refers only to the
weight values of 10 and 11-year-old boys and girls, as the means are lower than 50 percentile of
the US data. A secular upward trend for height and weight among children aged 3-11 could be
observed, although the increase is not equally represented in all decades and in all ages. The rate
of secular change in the mean height during the 5 decades (1971-2017) equals 1.04 cm/0.11 per
decade and 3.52 ¢cm/0.70 per decade for preschool and school boys, respectively. In girls, the
recorded values are 0.58 cm/0.11 per decade for preschool girls and 2.76 cm/0.55 in school age.
The rate of secular change in the mean weight during 46 years equals 0.50 kg/0.1 and
3.47 kg/0.69 per decade in case of preschool and school boys, and 0.14 kg/0.028 and 2.86
kg/0.57 per decade in preschool and school girls, respectively. These results indicate a modest
secular increase, given that earlier research has indicated (Meredith, 1976) that since the end of
the 19" century, a secular increase in height has occurred in developed countries, with
increments varying from 0.5 to 3 cm per decade. However,the results are consistent with
previous research (Cole, 2000) which points out that the size of secular trend depends on the age
of children, with less changes being observed in younger children. Secular trend of increasing
height is less obvious in younger ages since the beginning of the adolescent growth starts after
the age of 11, and the changes are more intense at that time. The same has been observed in the
city of Novi Sad in the 46-year-long period. The largest height increase during the period from
1971 to 2017 was registered at the age of 11 in both sexes. Differences in secular trends in
height by age have been observed in some earlier studies (Meredith, 1976; Roche, 1979), with
the largest increases typically occurring between the ages of 9 and 13. Freedman et al (2000)
found that the largest height increases occurred at the ages of 10 to 12 (girls) and 13 years
(boys). Recent secular growth studies in China (Zong and Li, 2014) reported improvement in
growth and it is more pronounced at puberty than at earlier or later ages. The increase in height
at the age of 18 is already present in younger ages and the eventual increase in adult height is
established during the first 2 years of life. Other studies (Chinn and Rona, 1987; Lindgren and
Hauspie 1989) reported a larger secular height increase among boys than among girls, which is
possibly due to differences in growth spurts. The same was seen in children in Novi Sad when
we observe a total average increase for all examined years.
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The increase in height and weight recorded in most European (Danker-Hopfe and Roczen,
2000; Cole, 2003; Padez, 2003; Garcia and Quintana-Domeque, 2007) and World countries
(Kagawa et al., 2011; Zong et al., 2015) was also observed in the city of Novi Sad in the
periods 1971-1981 and 1981-1991. However, in the period between 1991 and 2001, and after
2001, both positive and negative changes were recorded. Lower values recorded in 2001 may
reflect the change in living conditions. Gross domestic product and national income were
increasing until 1980 and the situation in the country was stable until 1989. In 1990, however,
a political and economic crisis started causing a rapid fall of living standards. In 1990 the
gross domestic product equaled 41 billion dinars, while in 1993 it was 17 billion dinars
(Serbian Statistical Annual 2002). The same was recorded in the neighboring Croatia
(Jovanovi¢ et al.,, 2003) where the analysis showed that secular growth trend was absent
between 1991 and 2003 and was negative for children aged from 2.5 to 4 years.

In the following decades, preschool children’s height and weight show an increase
between the period 2001 and 2011, however in the period 2011-2017 the height values
decrease while the weight still increases. In case of schoolchildren, in the period between
2001 and 2009 as well as 2009 and 2017 the height shows an overall increase, although this
trend is not equally applicable to all age groups, i.e. in some ages there is an observable
decline. The schoolchildren’s weight increases in the period 2001-2009,while its values
decrease in the later period between 2009 and 2017. The findings could be explained by the
change of political and economic situation in the country. In the period 2001-2008 Serbian
gross domestic product increased (Jovanovi¢-Gavrilovi¢, 2009). Nevertheless, in 2007 the
gross domestic product was levelled out to the values recorded in 1986 (Bosnjak, 2009). The
average growth of GDP in Serbia in the period 2010-2016 approximately equaled 0.5%, while
in East-Central Europe it was around 2.5% and in the neighbouring countries 2% (Petrovi¢ et
al., 2017). Prior to the growth, there were two decades of a constant decline in work
productivity. In comparison with 1980, GDP in 2011 was lower by 29.3%, the employment
rate by 13.5% and work productivity by 18.4%. The level of GDP was identical to the one
recorded in 1976, while the employment rate and work productivity showed the same level as
in 1976 and 1970, respectively (https://www.makroekonomija.org/0-miroslav-zdravkovic/
srbija-1955-2011-bdp-zaposlenost-i-produktivnost/).On the other hand, from 2001 to 2012, a
relative price stability was established, but the inflation rate still remained high. The situation
concerning poverty partially improved in the period after the year 2000, however, according
to UNDP data, 25000 persons in Serbia were poor, and 3.1% citizens were on the brink of
poverty (http://socijalnoukljucivanje.gov.rsfen/undp-human-development-index-serbia-ranks-
77th/). Serbia’s Human Development Index (HDI) value for 2015 was 0.776 which put the
country in the high human development category. Between 1990 and 2015, Serbia’s HDI
value increased from 0.714 to 0.776, an increase of 8.6 percent. However, Gross National
Income (GNI) per capita decreased by about 15.6 percent between 1990 and 2015 (Human
Development Report 2016). Serbia’s 2015 HDI of 0.776 was above the average of 0.746 for
countries in the high human development group and above the average of 0.756 for countries
in Europe and Central Asia. Considering Europe, the countries close to Serbia in 2015 in HDI
rank were Croatia and Belarus.

One of the limitations of the present study is certainly the fact that it included only
children aged 3-11 for whom we had enough available data for the investigated period. Since
the level of the secular trend is greatly dependent on the child's age and is higher in older age,
especially during puberty, it is possible to assume that the secular trend in older children
would be of greater intensity. Also,the analysis is focused on children in one town of the
Republic of Serbia, and therefore the results are not applicable to the entire population. Novi
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Sad is the second most developed city in Serbia in which 31% of the total population of
Serbia lives and 40% of employees who make up two thirds of the total and 50% of industrial
income. It can be assumed that income inequality and regional differences in Serbia would
probably cause a different magnitude of secular trend in other parts of the country.

A secular upward trend for height and weight among children aged 3-11 could be
demonstrated, although the magnitude of secular changes in body height and weight was
not stable. There were periods of increased and decreased intensity of acceleration. A
secular upward trend in body height and weight was documented from 1971 to 1991.
However, between 1991 and 2001 and after 2001 both positive and negative changes were
recorded for-certain ages and decades. The secular increase in height and weight has been
modest in Novi Sad sample, especially in preschool children. Such changes in body height
and weight possibly reflect a very turbulent socio-economic and political situation in the
country, which began in the 1990s. The recovery after a recession period is usually slow,
particularly in case of recessions with a financial crisis. It is therefore difficult to predict
future trends concerning secular changes in younger children from Novi Sad.
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SEKULARNI TREND VISINE | MASE TELA KOD DECE
U NOVOM SADU (SRBIJA), 1971-2017

Tatjana M. Pavlica, Rada S. Raki¢, Boris K. Popovi¢,
Valerija P. Puskas, Verica S. Bozi¢-Krsti¢

Sazetak. Sekularni trend je bioloski indikator kojim se moze proceniti socio-ekonomski razvoj zemlje.
Cilj rada je bio da se utvrdi sekularni trend visine i mase tela kod dece od 3 — 11 godina u
Novom Sadu (Srbija), u periodu izmedu 1971 i 2017 godine. Antropometrijsko istraZivanje je
uradeno u 6 vremenskih perioda. Ukupno je ispitano 13037 dece (6969 deCaka; 6068
devojcica) na teritoriji Novog Sada.Rezultati ukazuju na pozitivan sekularni trend, mada to
nije uo€eno u svim godistima i dekadama. Prosecna visina predskolskih de¢aka i devojcica
se povecala za 0.21 cm i 0.11 cm po dekadi, dok je kod de€aka i devojcica Skolskog uzrasta
povecanje po dekadi iznosilo 0.70 cm i 0.55 cm.Prose¢no povecanje mase tela predSkolskih
decaka i devojcica iznosilo je 0.1 kg i 0.03 kg, dok je kod $kolske dece prose¢no povecanje
iznosilo 0.69 kg (decaci) i 0.57 kg (devojcice) po dekadi. Veli€ina sekularnih promena visine i
mase tela nije stabilna. Ovakvi rezultati mozda reflektuju veoma turbulentnu socio-
ekonomsku i polititku situaciju u zemlji, koja je zapocela 1990-ih godina.

Kljuéne re¢i: Deca, visina, masa, sekularni trend, Srbija.
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