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ABSTRACT

This study aimed to examine the physical growth of Turkish children and
determine secular changes in their height and other anthropometric measure-
ments since 1950. For this purpose, three cross-sectional surveys of a total
of 4,902 healthy schoolchildren from Ankara (2,490 boys and 2,412 girls)
between the ages of 6 and 17 years conducted in 1950, 2005 and 2017 were
studied. Body height and sitting height were measured, centile curves were
constructed using the LMS method, and sitting height/height ratio was calcu-
lated. The results of this study demonstrated positive secular changes in height
and sitting height. The increasing rate of height for boys was approximately
2.5 cm/decade for their respective pubertal ages, whereas for girls, the rate was
approximately 1.9 cm/decade at ages 9, 10 and 12; however, at the age of 11,
the increment in girls was over 2 cm/decade. Data sets presented sexual dif-
ferences at most ages, arising due to a difference in response to environmental
and socio-economic conditions. However, due to the socio-economic fluctu-
ations in Turkey, secular increase was not comparable to the increase expe-
rienced within developed countries; therefore a continuation of this secular
increase can be expected in the near future.
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INTRODUCTION

Growth can be a good determinant of public health and indicates the effect of
environmental conditions on human growth over long periods of time. Fur-
thermore, it clarifies physiological inter-generational relationships [4, 13, 24,
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31, 33, 35, 37]. Although the initial determinants of secular change of growth
are generally considered to be greater availability of public health services and
improved nutrition, other factors have been suggested by various authors.
These include cumulative socio-economic circumstances such as migration,
hygienic experience, sanitation, education, income and reduction of child labor
[4, 23, 37]. This objective phenomenon has been well-documented over the
last two centuries in many industrialized countries around the world [2, 4, 16,
25, 34].

There is a lack of a continuous growth-monitoring programme providing
data on children and adolescents in Turkey. It should be noted that, until the
late 1930s, no information was available on anthropological investigation of
Turkish schoolchildren’s physical growth status [19]. Although two studies
by Alantar [1] and Tiimay [36] were published at the first Turkish Paediat-
rics Congress, they had methodological limitations in terms of data analysis
and sample selection. Kansu [19] published data on the anthropometric
measurements of children and adolescents. This study also included other
cross-sectional studies conducted at the same time by Cinar [14], Gokgiil [18]
and Kinay [20]. Pioneering studies in this field were conducted between the
1940s and the 1960s to determine local standards for growth and develop-
ment in different parts of the country. In the 1970s, the first growth standards
for schoolchildren were developed in Istanbul. Although in 1988 and 1992, a
larger study was conducted [15, 32], in these studies, only the percentile curves
of children of a higher social status were developed, thus referring to higher
socio-economic strata (SES) [21, 22].

The purpose of the present study is to determine up-to-date anthropomet-
ric measurements of Turkish school children and adolescents as well as secular
changes in Turkey over the last seven decades.

MATERIAL AND METHODS

The dataset of this study includes three cross-sectional anthropometric surveys
that include 4,902 healthy schoolchildren (2,490 boys and 2,412 girls). These
surveys were consecutively conducted in 1950, 2005 and 2017 in Ankara, the
capital of Turkey. The 1950 anthropometric survey was conducted between
March and May 1950 on 1990 children (1020 boys and 970 girls) between the
ages of 8 and 17 years. The data was collected from children attending pri-
mary, secondary and high schools [6, 7, 8]. Bostanci subsequently published
data on children between the ages of 9 and 16 year, and this is the first time
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that the complete data set of the 1950 anthropometric survey is presented here
with new statistical approaches. The 2005 anthropometric survey was con-
ducted between November and December on 1,427 schoolchildren (709 boys
and 718 girls) between the ages of 6 and 17 years [21]. The data was collected
from children attending private and public primary and high schools. The
2017 anthropometric survey was conducted between March and May on 1485
schoolchildren (761 boys and 724 girls) aged 6-17 years. This survey was con-
ducted with the permission of the Turkish Ministry of Education and local area
boards of education and, ethical approval was received from Ankara University
Ethical Commission [171-1227, 02.07.2014], and consent was taken from each
child’s parents. The data was collected from public elementary, secondary and
high-school children.

Height and sitting height were measured to the nearest mm using a Martin
type anthropometer [28, 29, 38] while the subjects were wearing light clothes
without shoes by a single trained team in each survey. Following this, the sitting
height / height ratio was calculated. Centile curves were constructed by using
the LMS method [12, 13]. Sex differences were analysed with the t-test using
the SPSS 20.0 programme.

RESULTS

Sample size, mean, standard deviation, L, M, S values and centiles are given in
Tables 1-4 for each survey year. The results showed that sexual dimorphism
was greater in earlier studies (1950 and 2005) at early ages (p < 0.001). The
increase in height as a function of age also showed an early growth spurt in
girls in recent surveys. Sexual dimorphism was significant in terms of height
in each successive survey year. The final height difference between sexes was
determined as follows in the respective surveys: 7 cm in 1950, 13 cm in 2005,
and 14 cm in 2017. The results indicated that since 1950, secular increase in
terms of height was prominent in both sexes, but it was greater for boys. In the
2005 and 2017 surveys, the height increase for the 97% percentile was more
pronounced (Tables 1 and 2).

Results showed similar growth patterns for sitting height, indicating signifi-
cant secular increases. It should be noted that the increment in sitting height
increased with each survey year. Moreover, sexual dimorphism was evident in
these three surveys (p < 0.05; p < 0.001) (Tables 3 and 4). Study results revealed
that, although there is an increase in sitting height, the increment in height is
also prominent due to an increment in leg length.
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In these three surveys the mean value for sitting height / height ratio was 55%
for boys and 52% for girls at their respective pre-pubertal ages; however, this
value decreased once both sexes reached pubertal ages (Table 5). This decrease
of sitting height / height ratio indicates the early onset of a growth spurt and
exceeded growth in leg length during respective pubertal ages.

The results of the study showed that the secular increase rate of the height
of boys was approximately 2.5 cm/decade for ages 12, 13, 14, and 15. Between
the 1950 and 2017 surveys, the difference in mean height was the largest at
age 15, followed by ages 12, 13 and 14. The height difference in girls between
the 1950 and 2005 surveys was found to have the greatest increment at age 11,
followed by ages 10, 12 and 9. The increase rate in girls exceeded 2 cm/decade
(2.21 cm/decade) only at age 11, whereas at ages 9, 10 and 12, the increase was
approximately 1.9 cm/decade.

DISCUSSION

Children’s physical growth can be assessed by comparing their body height and
other anthropometric measurements [17]. The results of the present study sug-
gest that there has been a significant increase in the mean stature of children
since 1950 and that younger generations are taller amongst all the age groups.
Sitting height showed a similar tendency with a prominent increase for both
sexes. Different timing and intensity of change in linear body segments during
the growth period shows sex-specific patterns and results in prominent sexual
dimorphism [43]. In addition to the difference in means at the respective ages,
the secular increment rate was also found to be different between sexes. The
response to environmental improvements as well as deterioration is more
marked in males than in females [34]. The results of the present study showed
that the final height difference between sexes has been significantly increasing
in each consecutive survey year. The difference in final height has doubled for
the Turkish population since 1950. When linear growth is almost completed in
late adolescence, considerably similar inter-population sexual dimorphism can
be observed: 12.8 cm in Croatian and German populations, 13.0 cm in Spanish
and Hungarian populations, 13.4 cm in Swiss and Dutch populations, and 13.3
cm in Czech populations [43].

The effects of quality of life and environmental factors on human growth
enable us to hypothesize higher plasticity of leg length relative to sitting height,
and this secular trend of increased body height due to the increase in leg length
is also associated with better nutrition and health conditions [5, 16, 43]. The



134 | B.K. Ozer, A. Ozdemir

present results indicate a different pattern in secular changes of height, sitting
height and sitting height / height ratio. It has been reported that, in Japan,
height increased solely due to an increase in leg length rather than in sitting
height, although the proportions of the recent Japanese population differ
from those of the European population of the same height [25]. Bodzsar [3]
reported that, in the last decades, there has been no change in the growth pat-
tern of sitting height in both sexes of the Hungarian population. We might
conclude that the recent secular increment in the height of Ankara children
may have been caused by an increment in sitting height as well as leg length.
The same tendency has been reported in various countries. Vercauteren et al.
[41] reported the secular increase in stature and leg length in Belgian boys
between 1960 and 1980, and the secular trend was found to be positive for both
traits. The study also emphasizes that, in the Belgian population, the secular
increase in stature in the aforementioned period was almost entirely caused
by an increase in leg length. The sitting height / height ratio was evaluated in
well-to-do Istanbul children aged between 6 and 18 years [9]. The data were
collected between 1989 and 2002 [30], and present study results showed similar
sitting height / height growth patterns in Istanbul children.

In Europe, major progression in body height was observed predominantly in
the first part of the 20 century. Krawczynski et al. [26] report secular changes
in body height in children and adolescents in Poland between 1880 and 2000.
The most significant differences in body height in the 20" century related to
the growth spurt were about 17.1 cm (12-year-old) and 12.7 cm (13-year-old)
for boys and girls, respectively. In addition, the magnitudes of secular change
have not been stable. A period of deceleration has been documented in the
1940s (1946-50). However, the results of the study confirm the intensive pro-
cess of acceleration of physical development, indicating a slowdown or decel-
eration thereafter, as reported in some European countries. A similar tendency
has been documented in the Netherlands [36] and Belgium in the 1960s and
the 1970s [40] and in Sweden in the 1950s and the 1960s [11]. In the USA,
Australia [27], Croatia and the Czech Republic, this tendency was observed
during the 1980s [26]. Between 1951 and 2001, the mean height of 13-year-old
boys and girls increased by 10cm and 8cm respectively in the Czech Repub-
lic. The gradual increase over two centuries has been described as an overall
improvement in the standards of living, where the increase in height, the shift
in the onset of accelerated growth, and the maximum instantaneous growth
rate resulted in logical consequences [42]. Classic examples of secular trends in
terms of somatic growth are provided by the London County Council’s series of



Secular changes in children, Turkey (1950-2017) | 135

studies of height and weight for the first six decades of the 20" century: 1908,
1938, 1949, 1954, and 1966 [10]. In the second half of the 20* century, the
secular increase rate was found to be slower in Turkish children. The accelera-
tion in Turkish children is still continuing, similarly to children in China and
Portugal [26]. In 1950, the difference in final height between sexes was noted
to be 7 cm; however, at present, the difference is 14 cm. When compared to the
developed countries that experienced a high degree of secular increase, Turkish
children have exhibited a slow rate of secular increase during the second half
of the last century.

A review of the present datasets demonstrated positive secular changes in
height and sitting height. The datasets presented sexual differences at most
ages due to different responses to environmental and socio-economic condi-
tions. In conclusion, remarkable secular increase during the second half of the
last century was accelerated by positive changes in the living conditions. This
increase was not comparable with the increase experienced in the developed
countries due to the economic and political fluctuations. However, further
secular increase can be expected in the near future.
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