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ABSTRACT

Background: One of the mostly used and preferred method in following the growth of children
is to plot weight and height values of the children on standard percentile charts. It is essential
for each country to use its own populations’ updated percentile curves. However, data on the
growth of children living in different regions are also needed for comparison with the national
standards.

Methods: This study was conducted in Kayseri with a trained team in order to obtain anthro-
pometrical measurements in children and adolescents. Weight and height measurements from
5727 (2785 boys, 2942 girls) healthy school children (aged between 6 to 18 years) from all
socioeconomic levels were randomly selected. Smoothed percentile curves were produced by
LMS method.

Results: Smoothed percentile curves including the percentile values for 319, 5th, 10th, 25t 50th,
75th, 85t 90th, 95t and 97t and standard deviation scores were calculated for boys and girls. The
3rd, 50t and 97t centiles of weight and height of these children were compared with the respec-
tive values of the established national standards obtained from Istanbul children.

Conclusions: This study presents data and smoothed percentile curves for weight and height
measurement of healthy central Anatolia children aged 6 to 18 years. Nationwide studies are
needed to bring out the regional differences in our country.

Conflict of interest: None declared

INTRODUCTION three decades, reference curves recom-
mended by World Health Organization

Through basic anthropometric meas-  (WHO) have been used to evaluate nutri-

urements such as height and weight, the
growth patterns of children can be evalu-
ated and considerable information can be
achieved about their nutritional status and
global health. In the last approximately

This is an open-access article distributed under the terms of the

tional status of children in the world.(1, 2)
However, a child’s growth can demon-
strate differences due to environmental,
genetic and nutritional factors.(3) Growth
patterns demonstrate differences among
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different countries and among populations
of different ethnic origin.(4, 5) These differ-
ences in growth patterns have been report-
ed to persist even after controlling for vari-
ous factors such as nutrition, environment,
maternal care, child care, income distribu-
tion, gross domestic product, health services
and political influences.(5, 0) It is therefore
recommended that every country should use
reference height and weight curves based on
measurements on their own children.

There are few studies on the growth of
school children in Turkey.(7, =, 9, 10, 11, 12)
All of these studies with one exception(11)are
based on measurements of children residing
in Istanbul. The recent study by Neyzi et al
(12)was undertaken to update the growth ref-
erence charts for Turkish children. These new
charts are based on measurements of Istanbul
children from well-to-do families.(12)

In this paper we present the reference
data on height and weight for Turkish sub-
jects aged 6-18 years living in a large city in
Turkey, collected in 2006. Height and weight
references were compared with available
references of Turkish children living in
Istanbul.(12)

MATERIALS AND METHODS

This is a cross-sectional study conducted
in the primary and secondary school chil-
dren living in Kayseri. The city, situated in
the central Anatolia of Turkey, has more
than 1,000,000 inhabitants and is a leading
industrial and trade center which receives
emigrants from other parts of Turkey for
employment. The data for this present analy-
sis were obtained from the study entitled
“Determination of Anthropometric Measure-
ments of Turkish Children an Adolescents
(DAMTCA)” conducted between February
and April 2006. The Erciyes University Scho-
ol of Medicine Ethics Committee and the
Kayseri province Education Board approved
the study protocol.

This study used a stratified multistage
probability sampling designed for school

children. Firstly, the schools were selected
randomly by a stratified sampling method
according to socio-economic levels from
among state and private schools, which rep-
resent the city centre and rural districts, A
total of 47 (23 primary, 24 secondary)
schools were selected randomly from among
699 schools in the Kayseri province. Thus,
sampling was carried out from every area
and included cases from all socio-economic
levels. Secondly, random sampling of chil-
dren and adolescents aged 6 to 18 years was
done from schools enrollment. A total of
5727 primary and secondary school students
(2942 girls, 2785 boys) were selected for the
study. The chronological age was calculated
as the decimal age from birth date and date
of examination.

The excluding criteria from study were
defined as the presence of any disorder
affecting growth such as a metabolic, neuro-
logical or gastrointestinal condition, and use
of any kind of medication. Parents’ written
consent was obtained prior to the study, and
the procedures followed were in accordance
with those outlined by the Declaration of
Helsinki.

Trained health technicians performed all
measurements. Weight and height measure-
ments were repeated twice and the mean
value of the two measurements was used.
Weights were measured using a standard
beam balance sensitive to 0.1 kg (Tefal
Ultraslim, France) with the children in their
underclothes and without shoes. Height was
determined to the nearest 1 mm using a Seca
model portable stadiometer. The portable
scales and stadiometers were calibrated
daily.

Statistical analysis

Construction of the percentile curves was
performed with the LMS Chart Maker Pro
version 2.3 software program (The Institute
of Child Health, London), which fits smooth
percentile curves to reference data using the
LMS method. The smoothed percentile
curves for body mass index (BMD) were con-
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structed by the LMS method.(13) This
method summarizes percentiles at each age
based on the power of age-specific Box-Cox
power transformations that are used to nor-
malize data. These three quantities depend
on age. The final curves of percentiles are
produced by three smooth curves represent-
ing L (Lambda; skewness), M (Mu; median)
and S (Sigma; coefficient of variation).
Percentile values were measured by the LMS
Chart Maker Pro version 2.3 software pro-
grams, and percentile curves (34 5t 10t
25[h’ Soth’ 75[11, 85[h, 90th’ 95[11 and 97th) were
constructed by Microsoft Office Excel® ver-
sion 2003. Descriptive statistics for each
whole year (e.g., 6.00-7.99 vy, etc.) for each
sex were calculated by SPSS version 13.0
(Illinois, Chicago, USA).

RESULTS

Tables 1 and 2 show smoothed per-
centiles of 3rd’ Sth’ 10[11’ 25111, Soth’ 75[h’ 85[h,
o0t 95t and 97 in girls and boys and
Table 3 presents the LMS curves and stan-
dard deviation scores for weight and height
by age and sex. Figures 1 and 2 compare the
3t 50t and 97! centiles of weight and
height for Turkish girls and boys of Istanbul
and Kayseri.(12)

DISCUSSION

The reference percentile curves for
height and weight of Turkish children have
first been established by Neyzi et al. in 1970s
and have been used since then.(9) The same
group of investigators have recently pub-
lished updated reference curves for Turkish
children of 6-18 years.(12) Both studies have
enrolled schoolboys and girls of higher
socioeconomic state who lived in Istanbul
and have presented the ideal levels of soci-
ety as “predictive” reference values. Istanbul
is the largest city which receive migration
from all of Turkey and 17% of Turkish pop-
ulation reside in Istanbul.

Our study has been conducted in school
age children who live in Kayseri, the third
biggest city of Central Anatolia and which
receives migration from other regions in
with  the
process that has gained velocity for the last

accordance industrialization
10 years and that could reflect characteristics
of Turkish children like Istanbul. A mixture
of all socioeconomic levels have been
included in Kayseri study, while in the study
conducted by Neyzi et al. children of a high
socioeconomic status have been
enrolled.(12) Thus,

social values instead of ideal social target

reflection of current

Table 1: The smoothed age-specific weight and height percentiles for the boys.

Weight

Height

50
119.0
1233
128.2
133.5
139.0
144.9
151.3
158.0
164.4
169.3
172 .4
174.2
174.9

75
122.0
126.6
131.9
137.5
143.2
149.5
156.2
163.0
169.1
173.6
176.1
177.6
178.0

85
123.6
128.5
133.9
139.6
145.5
151.9
158.8
165.6
171.6
175.7
178.1
179.3
179.6

90
124.8
129.8
135.3
141.1
147.1
153.6
160.5
167.3
173.3
177.2
179.4
180.5
180.6

95
126.6
131.7
137.4
143.4
149.5
156.1
163.1
169.9
175.6
179.3
181.2
182.1
182.1

97
127.8
133.0
138.8
144.9
151.0
157.7
164.8
171.6
177.2
180.6
182.4
183.2
183.1

3 5
18.8 19.3
20.2 20.7
21.8 224
23.7 244
26.1 269
28.8 29.7
32.0 33.1
35.7 369
399 412
43.9 454
47.5 49.0
50.7 52.1
53.7 55.2

10
20.0
21.5
23.4
25.6
28.2
31.3
34.8
38.9
43.4
47.7
51.4
54.6
57.7

25
21.0
23.2
253
27.8
30.8
34.3
38.2
42.7
47.5
52.1
55.8
59.1
62.1

50
232
253
27.8
30.7
34.2
38.2
42.7
47.6
52.9
57.6
61.5
64.7
67.7

75
254
27.9
30.9
34.4
38.4
43.0
48.0
53.5
59.2
64.1
68.0
71.2
74.0

85
26.8
29.6
32.9
36.7
41.1
46.0
51.4
57.1
63.0
68.1
72.0
75.1
77.8

90
27.9
30.9
34.4
38.5
43.1
48.3
53.8
59.8
65.8
71.0
74.9
77.9
80.5

95
29.6
33.0
36.9
41.4
46.5
52.0
57.9
64.1
70.4
75.7
79.5
82.3
84.8

97
30.9
34.6
38.8
43.6
48.9
54.7
60.8
67.2
73.6
79.0
82.7
85.5
87.7

3 5
111.7 112.5
114.8 115.8
118.6 119.7
122.9 124.2
127.7 129.1
132.7 134.0
137.5 139.2
143.2 145.1
149.8 151.8
1559 157.7
160.2 161.9
162.9 164.5
164.5 166.0

10 25
113.9 116.2
117.4 120.1
121.5 124.6
126.2 129.6
131.2 134.9
136.4 140.4
1AL G| 1146 47
148.1 152.8
154.7 159.4
160.4 164.8
164.4 168.3
166.8 170.4
168.1 171.5
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Table 2: The smoothed age-specific weight and height percentiles for the girls.

Weight

Height

3 5
17.5 17.9
19.0 19.5
20.8 21.4
23.1 23.8
26.0 26.8
294 30.3
33.1 342
36.8 37.9
40.0 41.1
4241 | 435
43.9 45.0
449 45.9
45.8 46.8

10
18.7
20.4
22.4
25.0
28.2
31.9
35.9
39.7
43.0
453
46.7
47.6
48.4

25
20.2
22.1
243
27.2
30.7
34.8
39.0
43.0
46.4
48.7
50.0
50.7
51.3

50
22.1
24.3
26.9
30.1
34.0
38.5
43.1
47.3
50.7
52.9
54.1
54.7
55.1

75
24.5
27.0
29.9
33.6
38.0
42.9
47.9
52.3
55.8
57.9
58.8
59.2
59.3

85
26.0
28.7
31.8
35.7
40.4
45.6
50.8
55.3
58.8
60.9
61.7
61.9
61.9

90
27.1
30.0
333
37.3
42.2
47.6
52.9
57.6
61.1
63.1
63.8
63.9
63.7

95
29.0
32.1
35.6
39.9
45.1
50.8
56.3
61.1
64.7
66.6
67.2
67.0
606.7

97
30.4
33.6
37.3
41.8
47.2
53.0
58.7
63.6
67.2
69.1
69.5
69.2
68.7

3 5
109.2 110.2
113.0 114.2
117.6 118.9
122.8 124.2
128.2 129.5
134.7 136.1
141.2 142.6
145.9 147.2
148.6 149.8
149.7 151.0
150.2 151.4
150.5 151.8
151.1 152.3

10 25
111.8 114.6
116.0 119.0
120.8 124.1
126.2 129.7
131.7 1353
138.2 141.8
144.7 148.2
149.2 152.5
151.8 155.0
152.9 156.0
153.3 156.4
153.6 156.7
154.2 157.2

50
117.7
122 .4
127.8
133.6
139.2
145.7
152.0
156.2
158.5
159.5
159.9
160.1
160.6

75
120.9
125.8
131.5
137.4
143.1
149.6
155.7
159.7
161.9
162.9
163.2
163.5
164.0

85
122.6
127.7
1335
139.5
145.2
151.6
157.7
161.6
163.8
164.7
165.0
165.3
165.7

90
123.8
129.0
134.8
140.9
146.6
153.0
159.0
162.9
165.0
165.9
166.3
166.5
166.9

95
125.6
130.9
136.8
143.0
148.7
155.1
161.0
164.8
166.8
167.7
168.0
168.3
168.7

97
126.8
132.1
138.1
144.3
150.0
156.4
162.3
166.0
168.0
168.8
169.2
169.4
169.9

S © ® N o Ages
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Table 3: LMS and standard deviation values for weight and height by age and sex.

Boys Girls
Weight

M S

Height
M S

weight
M S

height

n IL SD L SD n IL SD IL M S | Sy

6 118
7 187
8 183
9 206
203
164
214
218
279
413
303
214
83

-1.35
-1.232
-1.116
-1.002
-0.884
-0.760
-0.640
-0.550
-0.516
-0.515
-0.514
-0.501
-0.478

23.16
25.28
27.78
30.74
34.19
38.18
42.66
47.63
52.87
57.62
61.46
64.69
67.67

0.127
0.138
0.148
0.157
0.163
0.167
0.169
0.167
0.162
0.155
0.147
0.138
0.130

2.97
3.24
4.36
6.25
5.72
7.17
8.44
8.77
9.23
9.06
9.3
8.18
9.25

-1.602
-0.826
-0.299
0.036
0.368
0.733
1.225
1.898
2.575
3.244
3.973
4.812
5.733

119.0 0.036
123.3 0.039
128.2 0.042
133.5 0.044
139.0 0.045
144.9 0.046
151.3 0.048
158.0 0.048
164.4 0.044
169.3 0.038
172.4 0.034
174.2 0.030
174.9 0.028

4.28
4.65
5.60
6.47
5.07
6.18
7.60
8.52
7.54
6.18
5.60 385
5.50 225
5.00 70

117
159
194
181
209
180
206
222
359
435

-1.080
-0.961
-0.842
-0.730
-0.640
-0.584
-0.566
-0.595
-0.664
-0.741
-0.803
-0.850
-0.892

22.12 0.143
24.11 0.148
26.84 0.153
30.01 0.156
34.02 0.157
38.49 0.155
43.09 0.151
47.31 0.144
50.70 0.137
5291 0.129
54.08 0.121
54.66 0.114
55.05 0.107

2.75
3.48
4.90
5.08
5.71
7.00
7.98
6.98
6.92
6.71
6.70
6.51
6.18

0.152
0.491
0.802
0.986
1.182
1.483
1.699
1.691
1.618
1.578
1.561
1.549
1.529

117.7 0.040
122.4 0.041
127.8 0.043
133.6 0.043
139.2 0.042
145.7 0.040
152.0 0.037
156.2 0.034
158.5 0.033
159.5 0.032
159.9 0.032
160.1 0.031
160.6 0.031

3.93
4.98
6.18
5.88
5.61
5.69
6.62
5.45
4.80
5.01
4.92
5.14
5.93

Age indicates whole age group, e.g., 6.0-6.99 y, etc
SD: standart deviation
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has been the aim in this study to be demon-
strated. Thus
Turkey, based on two different studies, the

in two different cities of

effects of environment and socioeconomic
aspects on societies sharing the same ethnic
origin have been reviewed and compared.
While height values of boys in Kayseri
region are 1.4 cm higher in average than

Istanbul group between 6 and 12 years, it
was observed that heights of children from
Istanbul are 0.89 ¢cm higher between 14 and
18 vyears. As for girls, while children of
Kayseri are 1.55 cm taller in average than
Istanbul group in the first 12 years of life, it
is seen that starting from age 12, girls of
Istanbul group are 2.03 cm taller in average.
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Body weight values are 2.3 kg heavier in
male children of Kayseri region up to 10
years of age, while it has been found that an
average of 3.3 kg is gained in children of
Istanbul group from 11 years of age onwards
that increases in parallel with growing age.
Similarly, while girls of Kayseri region are
1.4 kg heavier in average up to 10 years of
age, from age 12, the girls that live in
Istanbul were found to be 2.5 kg heavier in
average in an increasing fashion.

When 3 and 97" percentile values of
children of Kayseri and Istanbul groups are
compared, the emphasis being especially on
97th percentile, a significant difference is
observed between two groups after puberty
(Figure 1, 2). We can say that this difference
should be taken into account especially
while evaluating children who show devia-
tions from normal values.

For both sexes, while height and weight
values are greater in prepubertal children in
Kayseri region, the values tend to lag behind
in the pubertal period compared to the chil-
dren that live in Istanbul. The reason for this
observation could be explained by environ-
mental and economical factors. Kayseri has

been involved in a rapid industrialization
process in the last 10-12 years and a rapid
increase in socioeconomic level has been
observed. The increase in income through
this 10-12 years process has shown its effects
on weight and height improvements of pre-
pubertal children. As reflections of this surge
could not yet be seen in pubertal period, we
conclude that the values of weight and
height might have stayed behind the values
of children in Istanbul for this reason. The
increment in weight and height during
pubertal period can be observed in studies
that are to be conducted in Kayseri in the
future if our hypothesis is true.

In addition, it might be that different
nutritional habits and more importantly lim-
ited physical activity could affect Istanbul
pubertal group. In a similar study, weight
and height reference values of children in
Northern and Central regions of Italy have
been compared with values of children in
Southern Italy and it has been shown that
there might have been differences between
regions that might derive from economic
and environmental factors. (14£.15,16)

However, some of the differences

Figure 1: Comparison of 3™ 50t and 97t centiles of weight distribution in boys (left) and girls (right)

between Kayseri and Istanbul.
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Figure 2: Comparison of 3™, 50t and 97 centiles of height distribution in boys (left) and girls (right)

between Kayseri and Istanbul.

Boys Girls
100
90 80
80
704
70
) 60
< 60 —
:‘5 50 —!(ayseri %50
° “lstanbul £ — Kayseri
D 40 y:
% % o — lstanbul
30 ; 30
20 20
10 10
0 ' ' ' ' ' ' ' ' ' 0
6 7 8 9 10 11 12 13 14 15 16 17 18 6 7 8 9 10 11 12 13 14 15 16 17 18
Age (year) Age (year)
observed in these two regions may be  dren of the society. However the aim of this
explained with the differences in the  study was to reflect the regional differences
methodologies of these studies. While  in the society due to ethnic or environemen-
Istanbul study has been conducted by longi- tal factors.
tudinal follow up of the same cohort of chil- As a result, we may conclude that the per-

dren, Kayseri study has been conducted
cross-sectionally. This is one of the draw-
backs of the present study.

The percentiles presented in this study
may not be recommended as national stan-
dards because according to WHO, standards
should be prepared from the well-to-do chil-

centile values established in boys and girls of
6-18 age groups from Kayseri can be utilized
while evaluating growth of children living in
all socioeconomic levels in our country.
However, it should be emphasized that new
values have to be obtained and updated in
further studies performed at specific intervals.

REFERENCES

1. World Health Organization: Physical status: the use and interpretation of anthropometry. Report of
a WHO Expert Committee. Technical report series no. 854. Geneva: World Health Organization,
1995.

2. de Onis M, Habicht JP. Anthropometric reference data for international use: recommendations from
a World Health Organization Expert Committee. Am J Clin Nutr 1996,64:650-658. [Abstract / PDF]

3. Briend A: Infection. (Ulijaszek SJ, Johnston FE & Preece MA, (eds) In: Cambridge Encyclopedia of Hu-
man Growth and Development. Cambridge: Cambridge University Press, 1998;334-336.

4. Martorell R, Mendoza F & Castillo R: Poverty and stature in children. In: Waterlow JC (ed). Linear
Growth Retardation in Less Developed Countries Nestle Nutrition Workshop Series Vol. 14,. New
York, Raven Press, 1988;57-73.

5. Frongillo EA, Hanson KMP. Determinanats of variability among nations in child growth. Ann Hum
Biol 1995;22:395-411. [Abstract]

6. Ulijaszek SJ. Secular trends in growth: the narrowing of ethnic differences in stature. British
Nutrition Foundation Nutrition Bulletin 2001;26:43-51. [Abstract / Full Text / PDF]

134 © 2009 Journal of Turkish Pediatric Endocrinology and Diabetes Society


http://www.ajcn.org/cgi/content/abstract/64/4/650
http://www.ajcn.org/cgi/reprint/64/4/650
http://www.informaworld.com/smpp/content~content=a739336705~db=all~order=page
http://www3.interscience.wiley.com/journal/120710588/abstract
http://www3.interscience.wiley.com/cgi-bin/fulltext/120710588/HTMLSTART
http://www3.interscience.wiley.com/cgi-bin/fulltext/120710588/PDFSTART
Kahir
Cross-Out

Kahir
Inserted Text
w


Kurtoglu S., et al.

7. Neyzi O, Alp H, Orhon A. Sexual maturation in Turkish girls. Ann Hum Biol 1975;2:49-59.
[Abstract]

8. Neyzi O, Alp H, Yalcindag A, Yakacikli S, Orhon. Sexual maturation in Turkish boys. Ann Hum Biol
1975;2:251-259. [Abstract]

9. Neyzi O, Binylldiz P, Alp H. Growth standards for Turkish children: heights and weights. Courier
1979;29:553-558.

10. Aksu F, Schnakenburg R. Percentilekurven fir die Langen und Gewichtsbeurteilung Turkischer
Kinder. Der Kinderarzt 1980; 11:199-205. [Abstract / Full Text / PDF]

11. Nebigil I, Hizel S, Tanyer G, Dallar Y, Coskun T. Heights and weights of primary school children of
different social background in Ankara, Turkey. J Trop Pediatr 1997,43:297-303. [Abstract / PDF]

12. Neyzi O, Andrzej F, Bundak R, GUnoz H, Darendeliler F, Bas F. Growth references for Turkish chil-
dren aged 6 to 18 years. Acta Paediatr 2006;95:1635-1641. [Abstract / Full Text / PDF]

13. Cole TJ, Green PJ. Smoothing reference centile curves: the LMS method and penalized likelihood.
Stat Med 1992;11:1305-1319. [Abstract]

14. Cole TJ. Fitting smoothed centile curves to reference data. JR Stat Soc 1988;151:385-418.

15. Cole TJ. The LMS method for constructing normalized growth standards. Eur J Clin  Nutr
1990;44:45-60. [Abstract]

16. Cacciari E, Milani S, Balsamo A, Dammacco F, De Luca F, Chiarelli F, Pasquino AM, Tonini G, Vanelli
M. ltalian cross-sectional growth charts for height, weight and BMI(6-20 y). Eur J Clin Nutr
2002;56:171-180. [Abstract / Full Text / PDF]

J Clin Res Ped Endo 2009;1(3):129-135 135


http://www.informaworld.com/smpp/content~content=a739344532~db=all~order=page
http://www.informaworld.com/smpp/content~content=a739345317~db=all~order=page
http://www3.interscience.wiley.com/journal/119918783/abstract?CRETRY=1&SRETRY=0
http://www3.interscience.wiley.com/cgi-bin/fulltext/119918783/HTMLSTART
http://www3.interscience.wiley.com/cgi-bin/fulltext/119918783/PDFSTART
http://tropej.oxfordjournals.org/cgi/content/abstract/43/5/297
http://tropej.oxfordjournals.org/cgi/reprint/43/5/297
http://www3.interscience.wiley.com/journal/119918783/abstract
http://www3.interscience.wiley.com/cgi-bin/fulltext/119918783/HTMLSTART
http://www3.interscience.wiley.com/cgi-bin/fulltext/119918783/PDFSTART
http://www.unboundmedicine.com/medline/ebm/record/1518992/abstract/Smoothing_reference_centile_curves:_the_LMS_method_and_penalized_likelihood_
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.nature.com/ejcn/journal/v56/n2/abs/1601314a.html
http://www.nature.com/ejcn/journal/v56/n2/full/1601314a.html
http://www.nature.com/ejcn/journal/v56/n2/pdf/1601314a.pdf

