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SECULAR CHANGES IN HEIGHT AND LEG
LENGTH AMONG TURKISH CHILDREN DURING
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Abstract

The secular change and socio-economic impact on it within developed
countries have been well-documented in the past. The purpose of the study is to
evaluate the brief analytic summary of the secular changes in growth pattern among
Turkish children and adolescents during the last century. A cross-sectional survey
was conducted on 1,427 (709 boys and 718 girls) healthy schoolchildren aged 6-17
years in Ankara, Turkey. Historical data sets were obtained from previous survey
reports. According to the standard anthropometric protocols height and iliospinal
height measured, socio-economic status of the sample recorded. Results showed
significant sexual dimorphism for height and iliospinal height (ANOVA p<0.001).
Coinciding with the first half of the last century, periods of sudden decreases and
subsequent recoveries were found. However, in the last three decades secular
change accelerated. This appears to be a logical outcome of the gradual changes in
nutrition, health care, education and economic conditions. Therefore, it can be
concluded that we might expect further positive changes for Turkish children.
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Ozet

Gecgen Yiigylda Tiirk Cocuk ve Adolesanlarinda Boy ve Bacak Uzunlugunda
Goriilen Sekiiler Degisim

Sekiiler degisim ve sosyo-ekonomik kosullarla etkilesimi gegcmiste pek ¢ok
gelismiy iilkede tespit edilmigtir. Calismanin amacint gegen yiizyilda Tiirk ¢ocuk ve
adolesanlarinda goriilen sekiiler degigimin analizi olusturmaktadir. Bu amag
dogrultusunda Ankara’da 1,427 (709 erkek ve 718 kiz) saghkl okul ¢ocugu iizerinde
kesitsel bir alan arastirmasi gerceklestirilmistir. Tarihsel veriler ge¢mis arastirma
raporlarindan derlenmigstir. Standart antropometrik protokollere uygun olarak boy
ve bacak uzunlugu olgiilmiis, sosyo-ekonomik diizeye iligkin veri toplanmuistir.
Istatistiki sonuglar boy ve bacak uzunlugunun cinsiyetler arasinda anlaml farklilik
gosterdigini belirlemistir (ANOVA p<0.001). Gegen yiizyihn ilk yarisi ile iligkili
olarak parametrelerde ani diisiis ve ardil iyilesmeler gozlenmistir. Ancak son 30 yil
siirecinde belirgin olan sekiiler degisimdeki hizli ivme, bu degisimlerin beslenme,
halk saghgi, egitim ve sosyo-ekonomik kosullardaki asamalr iyilesmelere bagh
oldugunu diisiindiirmektedir. Bu veriler dogrultusunda Tiirk ¢ocuklarmmdaki pozitif
sekiiler degisimin ileride de devam edecegi tahmin edilmektedir.

Anahtar sézciikler: Sekiiler degisim, antropometri, boy, bacak uzunlugu,
cocuklar, adélesanlar, 20. Yiizyd, Tiirkiye.

1. Introduction

The term “secular change” refers the marked differences (increases or
decreases) in body size and growth processes among groups within a
population over time (Dittmar, 1998; Ulijaszek, 1998; Bogin, 1999; Roche
and Sun, 2003). It is a good indicator of public health, determines
environmental conditions act on human growth over long spans of time and
clarifies physiological inter-generational relationships (Tanner, 1992; Bogin,
1999; Cole, 2003). Various researches showed that improved environmental
conditions -increased availability of public health services, education,
income, nutrition, sanitation and reduction in child labor- have been taking
place with increase in the rate of growth and development (Ulijaszek, 1998;
Bogin, 1999; Komlos, 1999).

Secular changes have been predominantly reported in industrialized
countries during last two centuries around the globe (Eveleth and Tanner,
1990; Kouchi, 1996; Susanne and Bodzsar, 1998; Ulijaszek, 1998; Bogin,
1999; Komlos, 1999; Roche and Sun, 2003). Positive secular changes are
particularly well documented for the Czech Republic, Japan, the Netherlands
and the United States where sampling and anthropometric methods have
remained fixed among repeated surveys (Roche and Towne, 2001). In
children the growth-rate for height, weight and other body measurements
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increased, while the mean age of onset of puberty decreased (Ulijaszek,
1998). In addition, change in body proportions is another major finding of
these studies. Several studies mention that secular increase in mean height
arises from the augmentation of leg length and not from that of sitting height
(Kouchi, 1996; Susanne and Bodzsar, 1998). Remarkable secular change
takes place in Japanese population associated with an increase in the relative
length of the leg (Kouchi, 1996).

Negative secular change in population body-size is taken to be a
response to environmental deterioration, and has been observed in historical
sequences as well as in contemporary populations (Ulijaszek, 1998). During
the World Wars, lack of secular trend and negative secular change had been
observed in some countries. In Europe; France, Norway, Germany and
Russia during World Wars I and 11, experienced this situation, as did Japan
during World War II (Malina, 1990; Susanne and Bodzsar, 1998). In India,
South Africa, and Chile and in some of the Third World secular height
decrease was documented in periods of socio-economic problems (Jurgens,
1990; Susanne and Bodzsar, 1998; Pheasant, 2002).

The changing growth pattern of Turkish children and adolescents are
not well known due to lack of continuous growth-monitoring program that
provides data. Prior to 1915 (the late period of Ottoman Empire), the
Ottoman Ministry of Education made an attempt to take height and weight
measurements from all schoolchildren. However, due to war conditions, this
project was never initiated (Neyzi and Saka, 2002).

The first published study report contains height, weight and some other
somatometric data on Turkish children and aims to describe racial/ethnic
characteristics (Kansu, 1917; Kansu, 1939). In 1926-27, irdelp studied more
than 4,000 children between the ages of 9 and 18 of Turkish, Rum,
Armenian, Jewish and Levantine origin (Nureddin et al., 1927). In 1938, two
studies were conducted by Alantar (1938) and Tiimay (1938). However, in
these studies, there were some methodological limitations concerning data
analyses and sample selection. In 1939, Kansu presented data regarding the
anthropological investigation of the Turkish schoolchildren (Kansu, 1939).
That study also includes other cross-sectional studies that were conducted
within the same period of time by Gokgiil (1939), Cinar (1939), and Kinay
(1939). From the 1940s to the 1960s, a number of pioneering studies were
carried out in order to determine the local norms for growth and
development in various parts of the country (Yalim, 1940; Binbasioglu,
1950; Bostanci, 1954; 1955; 1956; 1957). In the 1970s, the first growth
standards were constructed on schoolchildren in Istanbul (Neyzi et al., 1973;
1976; 1978) and followed by a broader study in 1988 and 1992 (data from 7
geographical regions) (Saatcioglu, 1988; Duyar, 1992). Consequent cross-
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sectional studies in the last three decades conducted to determine growth
status of children, as well (Baki and Tezi¢ 1986; Kayis and Ozok, 1986;
Korkmaz, 1989; Duyar 1995; Akin 1995; Nebigil et al., 1997; Giiltekin et
al., 2002; 2003; 2005; 2006).

In 1927, Turkey’s population was 13.6 million according to the census,
which was conducted 4 years after the establishment of the Republic.
According to 2000 census, the population increases to 67.8 million. Today,
Turkey is among the 20 most populous countries of the world and has a
young population structure as a result of high fertility and growth rates. 30%
of the population is under 15 years of age and approximately 11% under 5
years of age (TURKSTAT, 2004; 2006; MoH, 2004; Hacettepe University
Institute of Population Studies, 2004). From this starting point,
understanding the secular change dynamics of Turkish children and
adolescents takes an important part among auxology studies. In addition, the
growth status of children and secular changes are useful determinants of the
socio-economic aspect and health conditions of a population. In Turkey over
the last eight decades significant improvements have been occurred in socio-
economic determinants; education level, income per capita, urbanization,
infant mortality rates and life span (TURKSTAT, 2004). Furthermore, the
secular changes in anthropometric measurements have not been well
documented. The purpose of the present study is to investigate the secular
change dynamics for Turkish children and adolescents.

2. Material and methods

The present study based on a cross-sectional anthropometric survey and
comparison with former data sets. Data were collected in November-
December 2005 in Ankara, the capital city of Turkey. Ankara has a
contradictory population structure. Beside its socio-cultural and economic
mosaic structure, due to migration from almost all provinces of Turkey, it
represents a good example for screening studies of the whole population.
Survey conducted on primary and high school children, under the permission
of the Turkish National Educational Ministry and local area boards of
education and the Ankara University Foundation. The subjects were
randomly selected, and schools represent different social strata; private
schools, central public schools, and suburban public schools.

A total of 1,427 children, 709 boys and 718 girls aged between 6 and 17
years, were included. The date of birth was recorded (according to the day-
month-year basis), and their ages were computed based upon the recorded
date. Comparative data were obtained from former survey reports conducted
on Turkish children and adolescents (Table 1).

Anthropometric measurements were performed as recommended by the
International Biological Program (Weiner and Lourie, 1969). All
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measurements were taken by examiner and recorded by another person.
During the procedure, the participants were in light clothes and without
shoes.

Body height (H, in cm) and iliospinal height or leg length (LL, in mm)
measurements were recorded for each individual. Height was measured by
Martin type anthropometer to the nearest mm. The subject stands erect
looking directly forward while head oriented in the Frankfurt Plane
maintained horizontally, aided by gentle traction by the measurer on the
mastoid processes. Height of anterior superior iliac spine or iliospinal height
was measured by a Martin type anthropometer to the nearest mm from the
left side of the subject.

The parameters presented in mean and standard deviations. The
Kolmogorov—Smirnov (K-S) test was applied to all the variables, though
separately for each sex and age group, in order to establish the normality of
the distribution.

Secular change was expressed as increase per decade obtained by
multiplying the average annual increase by 10.

Student t test, analyses of variance (ANOVA) and Tukey tests were
used to test sex differences for each age group and difference within age
groups by using SPSS 13.0.

Table 1- Historical comparative data of children and adolescents

Survey Year Age (years) Sample (n) Source of Data
1939 5-19 2,597 (1690 boys and 907 girls) Kansu (1939)
1954 9-16 1,679 (832 boys and 847 girls) Bostanci (1954; 1955)
1968 6-14 1,152 (592 boys and 560 girls) Nashed and Bertan (1968)
1973 9-17 2,995 (1530 boys and 1465 girls) Neyzi et al. (1973)
1978 0-18 3,606 (1851 boys and 1755 girls) Neyzi et al. (1978)
1984 6-11 3,600 (1800 boys and 1800 girls) Baki and Tezig (1986)
1988 7-11 1,000 (500 boys and 500 girls) Saatcioglu (1988)
1992 12-17 1,200 (600 boys and 600 girls) Duyar (1992)
1994 5-11 5,289 (2719 boys and 2570 girls) Nebigil et al. (1997)
2006 6-17 1,427 (709 boys and 718 girls) Present study

3. Results

Kolmogorov-Smirnov (K-S) test results confirmed the normality of the
distribution for body height and iliospinal height (all K-S tests were non
significant). Distribution of the sample by age and sexes and the mean and
standard deviations of height and iliospinal height are presented in Table 2.
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ANOVA results revealed significant sexual dimorphism for height at ages 10
and 12 (p<0.001) where the maximum height increment observed (for boys
at age 12 and for girls at age 10). In addition, at ages 8, 11 (p<0.001), 13
(p<0.05) and 14, 15, 16 and 17 (p<0.001) sexual dimorphism were
significant. Height increment was pronounced at ages 8 (Tukey, p= 0.017),
9, 12, 13 and 14 (Tukey, p=0.000) for boys and at ages 10 and 11 for girls
(Tukey, p=0.000). A gradual increase in height continues until the age of 14
years for girls and 16 years for boys. As a result of adolescent increase, after
age 13 boys have greater height values for all ages (p<0.001). Mean height
was found to be slightly higher at age 16 for boys and girls than at age 17
years. Although sample randomly selected, at this age group more children
from better socio-economic background consisted, and also it might be
linked with the secular trend concept.

Sex differences for leg length were negligible in early childhood, no
significant differences were found before 10 years of age. After age 10,
sexual differences were found to be more prominent for leg length. At ages
10, 11, 12, 14, 15, 16 and 17 (p<0.001) statistically significant differences
observed between sexes. The increment at leg length were found to be
significant with Tukey test at ages 12 and 13 for boys and 7, 9, 10, 11 and 12
(p<0.001) for girls.

Table 2- Mean and standard deviation values of height (cm) and leg length (mm) by
sex and age groups

Boys Girls

Age Height Leg Length Height Leg Length
(years) n Mean SD Mean SD n Mean SD Mean SD

6 34 120.61 6.46 670.44 4391 34 12254 8.02 670.74 48.34
7 51  124.15 5.65 709.59 44.15 65 12438 671 718.18" 48.06
8 68  129.20%*"  7.03 741.62 48.80 48 12733 555 73271  40.22
9 77 134.56' 6.60 778.90 47.99 62 13329 640 780.35" 50.06
10 77 138.58*%* 7.5 794.9%* 60.75 85 141.36" 7.83 827.127 5556
11 50 140.05**  8.12 819.38** 6220 70 148.19" 7.55 867.60" 66.78
12 43 149.92%+" 743 883.63**" 7007 50 152.72 583 911.60" 52.94
13 76 158.88*" 1039 932.11° 83.13 72 157.04 6.18 940.51  55.58
14 66 166.94%*" 742 953.48* 46.10 73 158.84 573 942.62  44.06
15 61 170.87**  8.12 976.08**  53.04 52 159.08 6.36 940.54  49.07
16 59  17536%*  7.12 996.19** 5509 64 161.11 520 94795 49.20
17 47 172.79*%* 577 973.89** 4485 43 159.63 576 94226  50.46

*p<0.05, **p<0.001 (ANOVA test between sexes); p<0.001 (Tukey test between successive
age groups)
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Former studies provide data for investigation of the secular change in
height and leg length during the last century. The secular increase of height
for boys and girls over the past century are presented in Table 3 and Figures
1 and 2. The plots indicate that eight decades before both boys and girls were
considerably shorter than today. The overall trend in height thus the largest
gain in height have found around respective pubertal ages and after (Figures
1 and 2). Thus, it appears that the increase in body height between the survey
years has been different during childhood and during adolescent. This
indicates that secular increase at all ages is mainly due to growing height but
also points out a change in the pace of growth. This reflects earlier puberty
and thus shortening of the growth period. It is worth to mention that this gain
alone does not contribute to the secular trend in adult height.

In 1954, a negative secular change is prominent for boys at all ages (9
to 16 years) (Bostanci, 1954) (Table 3). This negative secular change is
marked between ages 9 to 12 years for girls. However, at ages 15 and 16
neither increase, nor decrease was observed for girls (Table 3). The results
showed that largest increase took place starting from 1970s. The gradual
increase in body height since 1973 survey report (Neyzi et al. 1973) is
clearly visible. Significant further increases in mean height have occurred at
almost all ages for both sexes.

Table 3— Secular change in mean height (cm) between 1939 and 2006 for Turkish

boys and girls

Age Boys
(years) 1939 19547 196811 1973} 1978%  1986° 1988% 1992 1997~ Present
study
6 116.00 115.30 118.34 120.61
7 116.80 121.50  120.00 123.04 122.84 124.15
8 119.80 121.20 127.00  125.00  128.55 128.26 129.20
9 12590 12432 12590 13320 132.00 131.10 13291 133.23 134.56
10 13140 12875 131.30 13420 13750 13480 137.58 138.20 138.58
11 135.10 13358 137.30  139.70  143.50  139.40  141.19 141.00 143.64
12 140.50  138.74  139.30  146.10  150.00 147.88 150.14
13 14520 14371 143.00 14920  156.00 156.22 158.88
14 15230 150.59 14850  159.60  162.00 162.62 166.94
15 160.00  154.80 166.50  168.00 169.75 170.87
16 16430 16291 169.60  172.50 172.65 175.04
17 164.40 170.70  173.50 174.58 174.99

Girls
6 114.00  113.90 117.41 122.54

7 115.80 120.00  119.10  121.93 122.66 124.38
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8 119.60 120.60 12550  124.60  126.20 126.76 127.33
9 127.70 12435 127.00 13090 130.50 129.60  132.06 133.24 133.29
10 131.10  127.97 132.10 13410 137.00 13530 137.60 139.14 141.36
11 136.80  134.04 137.00 14030 14500 141.00 141.88 143.70 148.19
12 14330  140.57 141.70 14850  152.50 151.92 152.72
13 147.50  148.46 14500 15390  156.00 155.74 157.04
14 150.60  153.47 14580 156.70  153.50 160.36 158.84
15 15420 154.04 157.10  159.50 161.41 159.08
16 156.40  156.77 157.40  159.00 161.86 161.38
17 157.40 157.20  160.00 161.98 161.04

* Kansu, 1939; "Bostanci, 1954; T'Nashed and Bertan, 1968; INeyzi et al., 1973 (Middle
SES); ¥ Neyzi et al., 1978 (median); *Baki and Tezig, 1986; YSaatgioglu, 1988; “Duyar,
1992; “Nebigil et al., 1997
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Figure 1- Secular change in height for Turkish boys between 1939 and 2006
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Figure 2- Secular change in height for Turkish girls between 1939 and 2006

The overall increase in height between 1939 and 2006 surveys is shown
in Table 4. Secular growth rate for height was lowest for boys at ages 7 and
10 years by 1.10 cm/decade and 1.07 cm/decade. Where as, the highest
secular growth rates for height was observed for boys at ages 13 and 14
years by 2.04 cm/decade and 2.19 cm/decade. This tendency is quite
different for girls. The highest secular growth rates were observed at ages 10
and 11 years by 1.53 cm/decade and 1.70 cm/decade, where as the lowest
rates were at ages 15, 16 and 17 years after the adolescent growth spurt ends.
Findings point out the height increment difference between sexes during the
last eight decades, mean height of 16 year old boys’ height increased by
10.74cm, where as by 4.98 cm for their counterpart girls.

As it was stated before, a significant sexual dimorphism was prominent
among the contemporary sample. In addition both increase and decrease in
the mean height through time is more marked in boys than in girls (Table 3).
The marked difference in increments between sexes through time might be
explained by boys being able to respond more to the improvements of socio-
economic conditions as mentioned by Susanne and Bodzsar (1998).

It has been known that the increase in the mean height resulted from
proportional increment in sitting height and leg length (Susanne and
Bodzsar, 1998). However, several studies mentioned that increase in the
mean height essentially arises from the augmentation of leg length and not
from that of sitting height (Kouchi, 1996; Susanne and Bodzsar, 1998).
Table 5 presents the secular change in the leg length during the last century
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by age and sexes. Pioneering studies showed that there has been a decrease
in the leg length coinciding the first half of the last century for both sexes.
Data from 1988 and 1992 surveys (Saatcioglu, 1988; Duyar, 1992) point out
a peak during respective puberty period and a continuation gradual increase
particularly in boys. Present study also confirms the continuation of positive
secular increase in leg length during the last two decades for both sexes.

Table 4- Secular increase in height between 1939* and 2006 in Turkish boys and

girls
Boys Girls
Age (years) Increase (cm) Secular rate (cm/decade) Increase (cm) Secular rate (cm/decade)
7 7.35 1.10 8.58 1.28
8 9.40 1.40 7.73 1.15
9 8.66 1.29 5.59 0.83
10 7.18 1.07 10.26 1.53
11 8.54 1.27 11.39 1.70
12 9.64 1.44 9.42 1.41
13 13.68 2.04 9.54 1.42
14 14.64 2.19 8.24 1.23
15 10.87 1.62 4.88 0.73
16 10.74 1.60 4.98 0.74
17 10.59 1.58 3.64 0.54

* Kansu, 1939 "Present study

Table 5- Secular change in mean leg length (mm) between 1939 and 2006 in Turkish

boys and girls
Age Boys Girls
(vears)* — 1939% 19557  1988% 1992 2006  1939% 19557  1988% 1992 2006
7 538.0 678.3 709.6 5250 676.1 718.2
8 570.0 716.0 7416 551.0 706.3 7327
9 5800 5597 7488 7789 5850 5632 7488 780.4
10 6060 5855 7803 7949 6070 5840 7821 827.1
11 6410 6173 8105 819.4 6550 6187 8059 867.6
12 689.0 6465 841.6 8836 6820 6521 8583 9116
13 675.0 8933 9321 688.9 881.1  940.5
14 716.5 9305  953.5 712.1 905.4 9426
15 7319 9720 976.1 707.6 907.1 9405
16 769.0 980.7  996.2 720.4 908.6  948.0

* Gokeiil, 1939 (boys n: 234, girls n: 188); "Bostanct, 1955; $Saatcioglu, 1988; “Duyar, 1992; **no comparative data for
ages 6 and 17 for this parameter
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4. Discussion

The interpretation of the results based on former somatometric data is
complicated, especially in Turkish population where the data are relatively
limited. Between the late 1930s and the 1950s, a limited number of studies
have been done on Turkish children who were born between 1920 and 1943
(Kansu, 1939; Yalim, 1940; Binbasioglu, 1950; Bostanci, 1954; 1955).
Later, three major studies were carried out (Neyzi et al., 1978; Saatcioglu,
1988; Duyar, 1992), and they provide more detailed information on growth
status.

In 1939, mean body height was found to be at a range of 116.80 cm to
164.40 cm for boys and 115.80 cm to 157.40 cm for girls between the ages
of 7 and 17 years. The present study demonstrates that there has been a
significant increase in mean height in comparison with the 1939 study
(Kansu, 1939), as recent generations are taller throughout all age groups.
The secular change rate was found to have increased among 13 to 14-year-
old boys by 2.04 cm/decade and 2.19 cm/decade, respectively. This peak has
been observed earlier among girls, possibly due to earlier maturation.
Among girls, the maximum increment was found to occur at age 11 years by
1.70 cm/decade. A comparison of available data showed that during the
1950s and 1960s (Bostanci, 1954; Nashed and Bertan, 1968), a distinct
decrease occurred. This trend can be explained by the negative effect of
deteriorating social and environmental conditions in the wake of WWI, the
Independence War (1918-1923) and during WWII. This significant outcome,
which points to a negative secular change, also has been interpreted by
Neyzi et al. (1996). It has been reported that although Turkey did not take
part in that war, its economic and living conditions were considerably
affected by the situation (Neyzi et al., 1996). Thus, by the mid-1970s (Neyzi
et al., 1973; 1978), the increase in body size was marked, and this trend
continued into the late 1980s through early 1990s (Saat¢ioglu, 1988; Duyar,
1992) until today. The secular increase was primarily observed during
pubertal stages, but it was evident at the final height, as well.

Various studies have shown that the positive secular change in height is
mainly due to an increase in leg length and does not derive from an increase
in sitting height (Susanne and Bodzsar, 1998; Fredriks et al., 2004). It has
been reported that the increase in the average height of the Japanese
population is due solely to increases in leg length, rather than in sitting
height (Kouchi, 1996). Bodzsar (1998) also reports that in the last decade
there has been no change in the growth pattern of sitting height in both sexes
for Hungarian population, but there has been an increase in leg length.
Vercauteren et al. (1998) reported the secular increases in height and leg
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length in Belgian boys between 1960 and 1980. This study also emphasizes
that in the Belgian population between these years, the secular increase in
height was almost entirely caused by an increase in leg length. Interpretation
of the present study shows an increase in leg length among Turkish children
and adolescents during the last century. Between the 1930s and today, there
was first a tendency towards decrease, shown in 1955 study (negative
secular change) (Bostanci, 1955), after which there began a stable
continuous increase that has continued up to the present day. We might
conclude that for Turkish children and adolescents, secular increases in
height are mainly caused by increases in leg length.

The results of the investigation of sexual dimorphism and the secular
change rate differences between sexes constitute another important finding
of the present study. The difference in increments between sexes through
time might be explained as a result of boys’ ability to respond more notably
to improvements in socio-economic conditions. Previous studies have
mentioned that growth in males is more eco-sensitive than in females.
Responses to environmental improvements as well as to deterioration are
therefore more marked in males than in females (Susanne and Bodzsar,
1998).

As has been stated above, improved environmental conditions such as
increase in availability of public health services, education, income,
nutrition, sanitation, and reduction in child labor stimulate increases in rates
of growth and development (Ulijaszek, 1998; Bogin, 1999; Komlos, 1999).
The present findings raise questions about the factors that might be
responsible for the observed negative and positive secular changes in the
Turkish population between the respective survey years. The influence of
adequate nutrition on growth has been clearly demonstrated (Bogin, 1999).
Nationwide nutritional survey findings indicate that the Turkish average diet
has been adequate to meet recommended daily allowances. However intakes,
of animal protein, calcium, vitamin A and riboflavin are lower than is
recommended (Pekcan and Karaagaoglu, 2000). Between 1965 and 1997,
the average daily per capita dietary energy supplies (DES) for adults in
Turkey increased from 2962 kcal to 3500 kcal. The percentage of protein,
fat, and carbohydrates in DES within the given years also changed -0.9%,
+3.2% and -2.2%, respectively (FAOSTAT, 2001). No significant change
was observed in average food consumption within the last three decades.
However, significant differences have been documented among families and
sub-groups in terms of nutrition. Income level and education are the most
important determinants of food consumption patterns, and maldistribution of
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food among socio-economic, gender and age groups is still prominent
(Pekcan and Karaagaoglu, 2000; Pekcan, 2006).

On the other hand, the country has achieved important improvements in
public health. Major infectious disease rates have declined between the late
1960s and the 1990s, and infant mortality has decreased as well. In 1980 the
infant mortality rate was 120 per 1,000 live births, while in 1992 it was 55
per 1,000 live births and in 1995 it was 24 per 1,000 live births
(TURKSTAT, 2004; 2005). Although Turkey has achieved success in
improving of infant mortality rates, the rate still remains significantly above
the European Union average (8 per 1,000 live births).

In addition, the illiteracy rate within the adult population was 81.3% in
1935, 61.9% in 1960, 34.4% in 1980 and 13.5 in 2000 (5.6% among males
and 21.5% among females) (TURKSTAT, 2004). Better education, a better
supply of food, clean water, safe sanitation, and decent housing are now
more available for most of the Turkish population, although both regional
and urban-rural disparities continue to exist across the country
(TURKSTAT, 2004).

In conclusion, the present study provides up-to-date growth references
for Turkish children and adolescents. The results demonstrate that prominent
sexual differences can be linked with the sexes’ different degrees of response
to environmental improvements. Negative secular changes were previously
found that may have been linked with the post-war depression of WWI and
the Independence War (1918-1923), and the deteriorating conditions of
WWIIL. Consequently, the positive secular changes that have been
documented in the present study for height and leg length results during the
last decades appear to be a logical outcome of gradual social changes. It
must be noted that socio-economic conditions in Turkey still tend to be
diverse within the population. Recent positive changes have been
documented in the fields of health care, social welfare, nutrition, and
education and general improvement in the living conditions in Turkey have
been noted as well. In taking account of the potential for social
improvement, we might predict a further positive secular trend in growth.
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