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Head Circumference Charts for Turkish Children Aged Five to Eighteen Years
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ABSTRACT

Introduction: Most head circumference growth references are
useful during the first years of life, but they are also useful for
older children when screening for developmental, neurological, and
genetic disorders. We aimed to develop head circumference growth
reference charts for age, height, and waist circumference for Turkish
children aged 5—18 years.

Methods: Head circumference, height, and waist circumference
measurements were obtained from 5079 students aged 518 years
from Izmit, Kocaeli Province, Turkey. The LMS method was used to
construct reference centile curves.
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Amag: Bas cevresi bliylime referans egrileri genellikle yasamin ilk yillari
icin hazirlanmakla birlikte, gelisimin izlenmesi, yani sira nérolojik ve gene-
tik bozukluklarda daha biytk yaslarda da kullaniimalari gerekmektedir:

Bu calismada 5-18 yas Turk gocuklarinda yas, boy ve bel gevresine gére
bas cevresi bliyime referans egrilerinin gelistirilmesi amaglanmistir:

Yontem: Kocaeli ili izmit merkez ilgesinde 5079 &grencinin bag cevre-
si, boy ve bel cevresi Slclimleri yapildi. Referans egrileri LMS metodu
kullanilarak olusturuldu.

Bulgular: Bas cevresi dlgtimleri boy (r=0,74), tarti (r=0,76) ve bel cev-
resi (r=0,68) olglimleriyle gliglti korelasyon géstermekteydi. Ortalama

INTRODUCTION
Measuring head circumference is an easy, non-invasive, and inexpensive method to screen for normal growth and development (1). Head
growth is more rapid in the first years of life; therefore, most head circumference growth charts have been produced for this time period.
Head circumference reaches approximately 90% of the adult size at 3 years and 95% at 5 years of age (2).
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Results: Head circumference measurements were strongly correlated
with height (r=0.74), weight (r=0.76), and waist circumference (r=0.68).
The mean head circumference values for boys were larger than those
for girls at all ages. Compared with data from the United States, the
World Health Organization, and other studies from Turkey, our data
showed a decrease in head circumference at all ages for both sexes.

Conclusion: Local growth charts can be used to evaluate head
circumference growth in older Turkish children and adolescents.

Keywords: Head circumference, waist circumference, height, growth
curves, LMS method

bas cevresi degerleri tiim yaslarda erkeklerde kizlara gore daha fazlaydi.
Amerika Birlesik Devletleri, Diinya Saglik Orgiitii ve Tiirkiyeden ya-
pilan diger calismalarla karsilastirildiginda, verilerimiz tiim yaslarda bas
cevresi Slglimlerinin daha dustk oldugunu gésterdi.

Sonug: Cocukluk ve adolesan dénem Tirk gocuklarinda bag cevresi
blylimesinin degerlendiriimesinde yerel blytime egrilerinin kullanimi
daha glivenilir olacaktir.

Anahtar kelimeler: Bas cevresi, bel gevresi, boy, bliytime egrileri, LMS
metodu

Head size may be an important predictor of the severity of neurological insults or degeneration and a significant predictor of brain volume
in children aged more than 3 years (3,4). Thus, measuring head circumference and monitoring head growth after the age of 3 years is helpful
for diagnosing neurologic disorders and various genetic syndromes (5).

In Turkey, the current head circumference growth charts commonly used by Turkish clinicians are for children aged less than 36 months

(6). Clinicians in Turkey who want to assess head circumference after the age of 36 months have to use growth charts produced in other
countries, such as data from Nellhaus (7) or the United States head circumference reference data (5,8). Although some local studies have
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Table I. Number of participants by sex and age as well as sex differences in mean head circumference

Age (years) F

50-549 71

55-599 97
6.0-6.49 107
6.5-6.99 123
7.0-749 89
7.5-7.99 100
8.0-8.49 107
8.5-8.99 17
9.0-9.49 122
9.5-9.99 109
10.0-10.49 82
10.5-10.99 9
[1.0-1149 109

F: female; M: male

M
46
8l
97
99
72
99
88
98
[10
101
95
103
100

Total
117
178
204
222
161
199
195
215
232
210
|77
222
209

M>F (cm) Age (years) F M Total M>F (cm)
091 [1.5-11.99 91 92 193 0.59
1.02 12.0-12.49 90 91 181 056
1.06 12.5-12.99 10 108 218 0.54
1.01 13.0-13.49 16 174 190 056
092 13.5-13.99 102 92 194 0.69
0.84 14.0-14.49 98 15 213 0.87
0.75 14.5-14.99 86 103 189 1.09
0.67 15.0-1549 97 133 230 1.27
0.62 15.5-15.99 106 135 241 141
0.63 16.0-1649 103 120 223 1.52
0.64 16.5-16.99 102 108 210 1.58
0.63 17.0-17.49 67 100 167 1.63
06l 17.5-17.99 38 6l 99 1.67

Table 2. The power of a Box-Cox transformation (L), the median (M), the coefficient of variation (S), and the percentiles of head circumference-

for-age for girls

Height (cm) L M

5 0.18 4893
5.5 0.37 49.19
6 0.55 49.45
6.5 0.73 49.70
7 0.92 49.95
7.5 [.10 50.20
8 1.28 5045
85 1.46 50.69
9 .63 50.93
9.5 |.77 5115
10 1.88 51.38
10.5 1.95 51.60
I 1.95 51.82
1.5 1.90 52.04
12 1.79 52.26
12.5 .66 52.46
13 .51 52.63
13.5 .37 52.78
14 1.23 5290
4.5 [.10 53.00
15 098 53.09
15.5 0.86 53.18
16 0.74 53.25
16.5 0.63 5332
17 0.51 5337
17.5 041 5342

S
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

46.32
46.55
46.78
47.00
4721
4743
47.64
47.85
48.04
4823
4843
48.62
48.83
49.04
49.25
4946
49.64
49.80
49.94
50.07
50.18
50.29
50.40
50.50
50.59
50.66

5
46.64
46.88
47.11
47.34
47.56
47.78
48.00
48.21
4841
48.61
48.80
4901
49.21
49.43
49.64
49.84
50.02
50.18
50.32
50.44
50.55
50.65
50.76
50.85
50.93
51.00

10
47.14
47.38
47.62
47.86
48.09
4832
48.54
48.76
48.97
49.18
49.38
49.59
49.80
5001
50.23
50.43
50.61
50.76
50.89
51.01
50.11
51.21
5131
51.39
51.47
51.53

Head circumference (cm)

25 50 75 90 95 97
4798 48.93 49.90 50.78 5131 51.66
4823 49.19 50.16 51.04 51.58 51.93
48.48 4945 5042 5131 51.84 52.19
48.73 49.70 50.68 51.57 52.10 5245
48.97 49.95 50.94 51.83 52.36 52.70
49.21 50.20 51.19 52.08 52.62 5296
49.45 50.45 51.45 5234 52.87 53.22
49.68 50.69 51.70 52.59 53.12 53.47
49.91 50.93 51.94 52.84 5337 5371
50.12 51.15 52.17 53.07 53.60 53.95
50.34 51.38 52.40 53.30 53.84 54.18
50.55 51.60 52.63 53.54 54.08 54.42
50.77 51.82 52.86 53.77 5431 54.66
50.99 52.04 53.08 5401 54.55 54.90
51.20 52.26 53.30 54.23 54.78 55.13
51.40 52.46 53.51 54.44 54.99 5535
51.57 52.63 53.69 54.62 55.18 55.54
51.72 5278 53.83 54.77 55.33 55.70
51.85 52.90 53.95 54.89 55.46 55.82
51.95 53.00 54.05 54.99 55.56 5592
52.05 53.09 54.14 55.08 55.64 56.01
52.14 53.18 54.22 55.15 55.72 56.08
52.23 53.25 54.29 5522 55.78 56.15
5230 53.32 54.35 55.27 55.83 56.20
52.37 53.37 54.39 5531 55.87 5623
5242 5342 5442 5534 55.90 5626
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Table 3. The power of a Box-Cox transformation (L), the median (M), the coefficient of variation (S), and the percentiles of head circumference-

for-age for boys

Age (years) L M S 3 5

5 295 4993 0.03 47.05 47.43
55 271 5025 0.03 47.39 47.76
6 248 5053 0.03 47.68 48.05
6.5 224 5072 0.03 4790 48.26
7 1.98 50.87 0.03 48.08 48.44
7.5 1.72 51.04 0.03 48.27 48.62
8 |46 5121 0.03 48.46 48.81
85 121 5137 0.03 48.64 48.99
9 0.96 5155 0.03 48.82 49.17
9.5 0.74 5176 0.03 49.02 49.37
10 0.54 51.99 0.03 49.23 49.57
10.5 039 5221 0.03 4941 49.76
[ 0.29 5243 0.03 49.59 49.94
1.5 0.25 52,65 0.03 49.76 50.12
12 0.27 52.87 0.03 4992 50.29
125 0.33 53.05 0.03 50.06 5043
13 043 5325 0.03 5021 50.58
135 0.54 5351 0.03 5041 50.80
14 0.66 5379 0.03 50.65 51.04
14.5 076 54.08 0.03 50.90 5130
I5 0.84 5434 0.03 51.16 5155
15.5 0.88 5458 0.03 5140 51.80
16 0.90 5478 0.03 51.63 5202
16.5 092 5493 0.03 51.82 5221
17 093 55.03 0.03 51.97 5236
17.5 094 55.10 003 52.10 5248

provided head circumference reference values, the maximum age of the
children in these studies is 12 years (9,10,1 I). There is a need to assess the
head circumference of Turkish children aged more than |2 years; this data
would be especially useful to child neurologists.

In this study, we aimed to develop head circumference growth references
charts for age, height, and waist circumference in Turkish children aged
5-18 years.

METHODS

We aimed to develop percentiles of head circumference for age, height,
and waist circumference for children aged between 5 and 18 years. A
cross-sectional study was performed between 2010 and 2013 in izmit, the
administrative center of Kocaeli Province, Turkey. Kocaeli, which is situated
east of istanbul, is the most industrialized district in Turkey. Because of the
job opportunities related to industrialization, the residents of Kocaeli are
mostly migrants from other regions in Turkey. Therefore, the population
pattern in Kocaeli is considered to be representative of that in Turkey (12).

The study population comprised students in primary and middle level
schools in izmit wherein school attendance for those age groups is almost
100% (42,403 students in primary schools and 19,453 students in high
schools). For the sample, 10 schools (seven primary schools and three
high schools) were randomly selected using a random number table.

Head circumference (cm)

10 25 50 75 90 95 97
48.00 48.93 49.93 50.89 51.72 5221 52.52
4833 49.26 50.25 5122 52.06 52.55 52.86
48.62 49.54 50.53 51.49 52.34 52.84 53.16
48.82 49.73 50.72 51.68 52.53 53.03 53.35
48.98 49.88 50.87 51.83 52.69 53.19 5351
49.16 50.06 51.04 52.00 52.86 5337 53.70
49.35 50.23 51.21 52.18 53.04 53.55 53.89
49.52 5040 5137 52.35 5322 53.74 54.08
49.69 50.57 51.55 52.53 53.42 53.94 54.29
49.89 50.78 51.76 52.76 53.65 54.19 54.54
50.10 50.99 51.99 53.00 5391 54.47 54.82
50.30 51.20 5221 53.24 54.18 54.74 55.11
50.48 51.40 5243 53.48 54.43 5501 5539
50.67 51.60 52.65 53.72 54.69 55.28 55.67
50.85 51.80 52.87 53.95 54.94 55.54 55.93
51.00 51.97 53.05 54.16 55.16 55.77 56.17
5017 52.15 5325 54.37 55.39 56.00 56.40
51.39 52.39 53.51 54.64 55.67 5629 56.69
51.65 52.66 53.79 54.94 55.97 56.59 57.00
5191 52.93 54.08 55.22 5626 56.89 57.29
52.17 5320 54.34 55.49 56.53 57.16 57.56
5241 53.44 54.58 55.73 56.76 57.38 57.78
52.63 53.65 54.78 5592 56.94 57.56 5796
52.81 53.81 54.93 56.05 57.06 57.66 58.05
5294 53.93 55.03 56.13 57.12 57.71 58.10
53.06 54.02 55.10 56.18 57.15 57.73 58.11

These schools had 5,788 registered students. All students were included
in the study without any further sampling in the selected schools. Students
and legal guardians were informed about the study protocol, and written
informed consents were obtained. Excluding the students who were dis-
abled, syndromic, or had spinal dystrophy, data were collected from 5,234
students (90.4% participation). Before the analyses, 66 students were ex-
cluded because they were less than 5 years old and 44 students were
more than |8 years old. We also eliminated 2| students because of a lack
of information and 24 students with extreme values. Thus, the analysis
was conducted on 5,079 children aged between 5.0 and 17.9 years.

Ethics approval was obtained from the Ethical Committee of Kocaeli Uni-
versity, School of Medicine. Official approval was also obtained from the
local government of Kocaeli.

The variables included in the study were age (calculated using birth date),
sex (F/M), head circumference (cm), height (cm), and waist circumfer-
ence (cm). The head circumference was measured with an inelastic tape
from just above the eyebrows to the occipital prominence, with the child
looking straight ahead; this gives the maximum measurement of head cir-
cumference (13). For the girls, hair braids were untied and hair barrettes
were removed. The SECA stadiometer (Seca, 703, Hamburg, Germany)
was used to measure both height and weight. Height was recorded to the
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Table 4. The power of a Box-Cox transformation (L), the median (M), the coefficient of variation (S), and the percentiles of head circumference-

for-height for girls and boys

Height (cm) L M S 3 5
Girls

105 042 4843 0.03 45.95 4625
10 0.74 4892 0.03 46.41 46.73
15 1.05 49.39 0.03 46.87 47.19
120 1.34 49.84 0.03 4730 47.62
125 1.57 5027 0.03 47.71 48.04
130 1.67 50.69 0.03 48.11 4844
135 1.62 5011 0.03 48.53 48.85
140 1.48 51.52 0.03 48.93 49.26
145 1.28 51.93 0.03 4932 49.65
150 1] 5236 0.03 49.73 50.06
155 0.96 5281 0.03 50.16 5049
160 0.90 53.25 0.03 50.57 5090
165 0.92 53.65 0.03 5094 51.28
170 0.96 54.04 0.03 51.29 51.63
175 1.00 5441 0.03 51.62 5197
180 1.03 54.77 0.03 51.93 5229
185 1.06 55.11 0.03 5224 52.60
190 1.09 55.45 0.03 52.54 5290
Boys

105 0.65 4940 0.03 46.96 4726
10 0.75 49.84 0.03 4736 47.67
15 0.84 5026 0.03 4775 48.07
120 093 50.67 0.03 48.13 4845
125 1.03 51.06 0.03 48.49 4881
130 [l 51.44 0.03 48.84 49.17
135 [ 51.82 0.03 49.19 49.52
140 1.03 52.19 0.03 49.53 49.87
145 0.95 52.56 0.03 49.89 5022
150 0.94 52.95 0.03 5023 50.57
155 0.99 5335 0.03 50.59 5093
160 1.08 53.76 0.03 5095 51.30
165 1.20 54.19 0.03 5131 51.68
170 1.36 54.61 0.03 51.67 52.04
175 1.50 55.02 0.03 5202 5241
180 1.55 5543 0.03 52.38 52.77
185 1.59 55.82 0.03 52.73 53.13
190 1.62 56.21 0.03 53.08 53.48
195 1.65 56.60 0.03 53.43 53.83

last whole unit rather than to the nearest unit. At the end of a normal
respiration, waist circumference was measured with an inelastic tape at
the approximate midpoint between the lower margin of the last palpa-
ble rib and the top of the iliac crest, nearly at the level of the umbilicus
(14). At the time of waist circumference measurement, the participants
stood with their arms at their sides and feet positioned close together in a
relaxed posture as well as wore loose clothes. All head and waist circum-

Head circumference (cm)

10 25 50 75 90 95 97
46.73 47.53 4843 4933 50.16 50.66 5098
4721 48.02 48.92 49.82 50.64 51.13 51.46
47.67 4849 49.39 50.30 5011 51.60 5191
48.12 48.94 49.84 50.75 51.55 52.03 5234
48.53 49.36 50.27 5117 51.97 52.45 52.76
48.94 49.77 50.69 51.59 52.39 52.87 53.18
4936 50.19 5111 5202 52.83 5331 53.62
49.76 50.60 51.52 52.44 53.25 53.74 54.05
50.16 51.00 51.93 52.85 53.68 54.18 54.50
50.57 51.42 5236 5329 54.14 54.64 54.97
51.01 51.86 5281 53.76 54.62 55.13 55.46
5142 5228 53.25 54.21 55.08 55.60 5594
51.80 52.68 53.65 54.63 5551 56.04 5638
52.16 53.05 54.04 55.03 5592 56.45 56.80
5251 5341 54.41 5541 56.31 56.85 57.20
52.84 53.75 54.77 55.78 56.69 57.24 57.59
53.15 54.08 55.11 56.14 57.06 57.62 5797
53.47 5441 5545 56.49 5742 5798 5835
47.73 48.52 49.40 50.29 51.09 51.58 51.89
48.15 48.95 49.84 50.74 51.55 52.03 52.35
48.55 4936 5026 5117 51.99 5248 52.80
48.94 49.76 50.67 51.58 5241 5290 5322
49.31 50.14 51.06 5198 5281 5331 53.63
49.67 5051 51.44 52.37 5321 5371 54.03
50.03 50.87 51.82 5275 53.60 54.10 54.43
5038 51.24 52.19 53.14 53.99 54.50 54.83
50.74 51.60 52.56 53.53 54.39 5491 5525
51.10 51.97 5295 5392 54.80 5533 55.67
51.47 5236 53.35 54.34 55.23 55.76 56.11
51.85 52.76 53.76 54.77 55.68 5622 56.57
52.23 53.16 54.19 5521 56.13 56.68 57.04
52.61 53.56 54.61 55.65 56.58 57.13 57.49
5299 53.96 55.02 56.08 57.02 57.58 5794
53.36 54.34 5543 56.49 57.45 580l 58.38
53.73 54.73 55.82 56.90 57.87 5844 588l
54.09 55.10 5621 5731 58.28 58.86 59.24
54.45 55.48 56.60 57.71 58.70 59.28 59.66

ference measurements were performed by the same clinician who is a
child neurologist. Height measurements were performed by three differ-
ent medical doctors who had interobserver reliability. All measurements
were performed twice for every participant, and the mean was used in
the analyses. If there were differences of more than 0.5 cm for head cir-
cumference and height and 1.0 cm for waist circumference, an additional
measurement was taken and used.
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Table 5. The power of a Box-Cox transformation (L), the median (M), the coefficient of variation (S), and the percentiles of head circumference-

for-waist circumference for girls and boys

Waist circum-

ference (cm) L M S 3 5
Girls

40 [.13 48.25 003 45.45 45.80
45 I.16 49.26 0.03 46.44 46.80
50 I.15 5035 0.03 4752 47.87
55 .17 5151 0.03 48.67 49.03
60 1.53 5247 0.03 49.60 49.97
65 1.89 53.16 003 5031 50.67
70 202 53.68 0.03 50.86 5122
75 2.00 54.08 0.03 5131 51.66
80 1.98 5436 0.03 51.65 52.00
85 2.02 54.62 0.03 51.97 5231
90 2.10 5490 0.02 5232 52.65
95 2.19 5520 0.02 52.69 53.02
Boys

45 —-0.16 50.08 0.03 47.49 47.80
50 051 50.82 0.03 48.14 48.48
55 1.18 5173 0.03 48.92 49.27
60 1.82 5276 0.03 49.79 50.17
65 2.18 53.67 0.03 50.56 5096
70 228 5434 0.03 51.07 5150
75 2.00 54.79 0.03 51.43 51.86
80 1.27 55.14 0.03 51.80 5223
85 0.30 55.48 0.03 5224 5263
90 —-0.76 5581 0.03 5271 53.08
95 —1.83 56.19 0.03 5324 53.58
100 —2.89 56.60 0.03 53.79 54.11

Statistical Analysis

Cross-sectional analysis of the data was performed. The LMS method was
used to construct reference centile curves (15,16). The curves were fitted as
cubic splines by non-linear regression using penalized likelihood; the extent
of smoothing was controlled by equivalent degrees of freedom (17). Fitting
and smoothing were performed with the program LMS v. 5.1. The required
centiles (C) were calculated using the following equation: C=M(I+L5Z_ )",
where L is the power of a Box-Cox transformation, M is the median, S is
the coefficient of variation, and Z_, is the normal equivalent deviate cor-
responding to the centile. The Z score of an individual measurement can
be computed as Z=[(measurement/M)L—]/(LS). L values for length/height
and head circumference were forced to | for a normal distribution because
estimated L values offered only a slight improvement in the fit.

RESULTS

There were 2,558 girls and 2,52 | boys in the study group. The distribution
of the students according to sex and age groups is shown in Table |. The
mean head circumference values for the boys were larger than those for
the girls at all ages [minimum (0.54 cm) at 12.5—12.99 years and maximum
(1.67 cm) at 17.5-17.99 years; Table 1].

Tables 2, 3, 4, and 5 show the LMS parameters for head circumference
with regard to age, height, and waist circumference for both sexes. The

Head circumference (cm)

10 25 50 75 90 95 97
46.34 4725 4825 49.25 50.15 50.68 51.03
4735 4825 49.26 5027 5117 51.71 52.05
48.42 49.34 50.35 51.36 52.26 52.80 53.16
49.58 50.50 51.51 52.53 53.43 53.98 54.33
50.53 51.45 52.47 53.47 54.37 54.90 55.25
51.23 52.16 53.16 54.16 55.04 55.56 55.89
51.78 52.69 53.68 54.66 55.52 56.03 5636
5221 53.10 54.08 55.04 55.89 56.39 56.72
52.53 5341 54.36 5531 56.14 56.64 5695
52.83 53.68 54.62 55.54 56.35 56.84 57.15
53.16 53.99 54.90 55.80 56.59 57.06 57.36
5351 54.32 55.20 56.07 56.84 5729 57.58
4830 49.13 50.08 51.04 51.93 5247 52.83
48.99 49.85 50.82 51.80 52.69 53.22 53.57
49.81 50.72 51.73 52.73 53.63 54.16 5451
50.75 51.71 5276 53.79 54.70 5524 55.59
51.57 52.58 53.67 54.74 55.68 5623 56.59
52.14 53.20 54.34 55.45 56.43 57.00 5737
52.52 53.61 54.79 5595 56.97 57.57 57.96
52.87 53.95 55.14 5633 57.39 58.02 5843
53.25 54.30 5548 56.67 57.76 5842 58.85
53.67 54.67 55.81 5701 58.12 58.80 59.25
54.13 55.08 56.19 5737 5849 59.20 59.66
54.63 55.53 56.60 57.76 58.89 5961 60.09

39 10™, 251, 501, 75, 90, 97 smoothed centile curves for head circum-
ference with regard to age, height, and waist circumference are presented
in Figs. 1a, b; 2a, b; and 3a, b.

Head circumference measurements were significantly correlated with
height (r=0.74), weight (r=0.76), and waist circumference (r=0.68).

A comparison of our results with data from the United States (5), World
Health Organization (WHO) (13), Gékgay et al. (10) (istanbul, 2008), and
Elmali et al. (1 1) (Kayseri, 2012) is presented in Table 6 and Fig. 4.

DISCUSSION

Head circumference is an important marker of normal growth and de-
velopment and a powerful predictor of total brain volume in children
(18). Head circumference reaches approximately 90% of the adult size
at the age of 3 years; thus, for normally developing children, routine fol-
low-up of head circumference growth is not recommended after 3 years
of age (2). Many developmental disorders can influence head size, and
some of these disorders appear after 3 years of age. Thus, for abnormally
developing children, there is a need to monitor head growth after the age
of 3 years. In Turkey, monitoring head circumference of older children is
difficult because a locally developed head circumference growth chart is
not available. This study provides an important tool to evaluate head cir-
cumference growth for Turkish children aged 5—18 years.
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Table 6. Fiftieth percentile head circumference values according to sex and age groups in the US5, Kayseri (1 1), and Kocaeli studies

50t percentile values (cm)

US study (2010): Kayseri study Kocaeli study (2014):

Age group 0-21 years (2012): 0-84 months 5-18 years A' (US-Kocaeli) | A? (Kayseri—Kocaeli)
(years) Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy
50-549 50.63 51.35 5032 5123 4893 4993 +1.7 +1.42 +1.39 +1.30
55-599 50.88 51.57 50.55 51.38 49.19 5025 +1.69 +132 +1.36 +1.13
6.0-6.49 - - 5071 5143 4945 5053 - - +1.26 +0.90
6.5-6.99 51.19 51.89 50.86 5148 49.70 5072 +1.49 +1.17 +1.16 +0.76
7.0-799 51.58 5231 - - 5007 5095 +151 +136 - -
8.0-899 51.95 5272 - - 5057 5129 +1.38 +143 — —
9.0-9.99 5231 53.12 - - 51.04 51.65 +127 +1.47 - -
10.0-10.99 52.66 53.51 - - 5149 52.10 +1.17 +141 - -
[1.0-11.99 5299 5391 - - 5193 5254 +1.06 +1.37 - -
120-12.99 5331 5429 - - 5236 5296 +0.95 +133 - -
13.0-13.99 53.59 54.68 - - 5270 5338 +0.89 +1.30 - -
[4.0-14.99 53.86 55.06 — - 5295 5393 +091 +1.13 — —
15.0-15.99 54.10 5543 - - 53.13 5446 +097 +097 - -
16.0-16.99 5431 55.77 - - 53.28 54.85 +1.03 +092 - -
17.0-17.99 54.47 56.11 - - 5339 55.06 +1.08 +1.05 - -

Al, differences in the head circumference measurements according to sex and age groups between the US study (5) and the Kocaeli study (this study).
A2, differences in the head circumference measurements according to sex and age groups between the Kayseri study (I 1) and the Kocaeli study.
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studies for head circumference-for-age for girls and boys

In our study, the mean head circumference values of boys were larger
than those of girls at all ages, as in other studies. Before puberty, the head
circumference of boys is approximately | ¢cm larger than that of girls; at
the age of 12.5-12.99 years, the difference is only 0.54 cm due to the ear-
lier onset of puberty in girls; however, after puberty, the difference grad-
ually increases and reaches |.67 cm between 7.5 and 17.99 years of age.
According to a US study, the differences in head circumference in boys
and girls at the ages of 7.0-7.99 years, 12.5—-12.99 years, and 17.5-17.99
years are 0.7 cm, 0.98 cm, and 1.64 cm, respectively (5). In our study, the
difference in head circumference between the boys and girls was greater
before puberty and smaller at the age of 12.5-12.99 years than that in the
US study, but was approximately the same at the age of 17.5-17.99 years
in both studies (5). The differences before and at puberty may be associat-
ed with racial characteristics, lifestyle factors among genders until puberty,
and the timing of puberty. However, racial and environmental factors do
not seem to influence the difference in the final head circumference values
between boys and girls at the end of puberty.

A limited number of studies to construct head circumference growth
curves have been conducted in Turkish children after 3 years of age. In
2001, Karabiber et al. (9) reported head circumference measurements of
urban children in Malatya, including 1,826 healthy children (881 girls, 945
boys) aged between 6 and |12 years. The head circumference values for
these Turkish children were similar to the values for Irish and Japanese
children with regard to boys and Irish and English children with regard to
girls. In 2008, Gokgay et al. (10) reported updated growth curves for Turk-

ish children aged between |5 days and 60 months in Istanbul. In this study,
height, weight, and head circumference measurements from a sample of
2,102 girls and 2,39 | boys were obtained from Well Child Clinic Records,
and the head circumference values for girls and boys were higher than
those values reported by the studies conducted in the US and Sweden as
well as the WHO growth standards. In 2012, Eimali et al. (1 1) reported
head circumference growth reference charts for Turkish children aged
between 0 and 84 months in Kayseri. This was a population-based study
and used family health center registers; it included 1,510 girls and 1,479
boys. The head circumference percentiles in this study group were similar
to or not much lower than Belgian and US percentiles.

Nellhaus (7) noticed that race causes no appreciable difference in head
circumference in either sex, at least in the first years of life, and head
circumference is closely related to brain growth. The results of other
studies support this hypothesis (6,10,13,15). The head circumference
measurements of Turkish children before and after 5 years of age were
evaluated only in the study by Elmali et al. (11). They showed that these
measurements were nearly the same as those for the Belgian and Amer-
ican percentiles before 5 years of age, but the curves declined after 5
years. In addition, Karabiber et al. (9) showed that the head circumference
curves for Turkish children were lower than those for Japanese, English,
and lrish children, especially in boys aged between 6 and 12 years (10).
In the present study, the head circumference measurements were lower
than those in a Malatya study in children aged 6 to 12 years and in a Kayseri
study in children aged 5 and 7 years, but were much lower than those in
the US study in children between 5 and 18 years old (5,9, ). According
to these studies, we propose that there may be significant racial, national,
and geographic differences in head circumference after 5 years of age,
possibly due to factors affecting scalp and skull thickness. Differences in
head circumference curves in the same country need to be clarified with
further studies (59,1 1).

Age is the most effective factor related to head circumference, but eval-
uating head circumference only according to age may be misleading (e.g.,
in cases of constitutional growth failure). Increases in head circumference
are influenced largely by skull and scalp thickness after 5 years of age (10).
Waist circumference is a good predictive factor of abnormal fat depo-
sition and may affect scalp thickness and, indirectly, head circumference.
Thus, height and waist circumference should be taken into consideration
when evaluating head circumference. In our study, we found significant
correlations between height and head circumference and between waist
circumference and head circumference. Similarly, Geraedts et al. (19)
showed a strong correlation between head circumference and height, and
reported that the charts of head circumference for height might be useful
to interpret head circumference in short or tall children. We propose the
use of growth curves for head circumference-for-height and head circum-
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ference-for-waist circumference for children with growth disorders, obe-
sity, and malnutrition, in addition to head circumference-for-age curves.

The growth of a child can be evaluated with a growth reference chart
or a growth standard chart. Growth reference charts are usually based
on cross-sectional data and they reflect growth according to the study
sample. Growth standard charts are based on longitudinal data, and they
reflect the potential growth of a sample as it ought to be (3). The age
range of our study group (5—18 years) was too large to design a longi-
tudinal study; in addition, it is not easy to define optimal growth criteria
for children in this age group. Thus, we conducted our study in children
with average socioeconomic and nutritional status using a cross-sectional
design. There is no head circumference growth standard chart for chil-
dren between 5 and |8 years of age. The WHO charts are the only head
circumference growth standard charts, but they provide growth data only
from 0 to 5 years. We believe that our head circumference growth refer-
ence charts are more reliable for local use than for use in other countries.

In conclusion, head circumference should be monitored in children after
3 years of age with developmental disorders. However, head circumfer-
ence growth charts produced in other countries are not reliable for use in
children after 5 years of age. The current instrument allows head circum-
ference growth to be evaluated in older Turkish children and adolescents
using a local growth chart.
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