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Updated Weight and Height-for Age
Centiles in a Group of Predominantly
Breastfed Turkish Children Aged 0-2 Years

Agirlikli Olarak Anne Siiti ile Beslenen 0-2 Yag
Arasindaki Bir Grup Tiirk Cocugu Icin
Giincellenmis Agirlik ve Boy Yiizdelikleri

ABSTRACT Objective: To update the weight and height centiles for a group of predominantly breast-
fed children aged 0-2 years from the medium-high socioeconomic status living in Ankara. Material and
Methods: The study design was prospective cohort. Between 2002 and 2004, height and weight meas-
urements of 0-2 year-old healthy children from the medium-high socioeconomic status were recorded
in definite time-intervals in the Healthy Child Clinic of Gazi University Faculty of Medicine. Height
and weight percentile curves were constructed using the LMS method for boys and girls. Results: In
height and weight percentile curves, a steady upward trend was detected until 24 months of age for
each gender. The estimated 50" percentiles of height and weight were mostly higher than the 50"
percentiles suggested by the World Health Organization (WHO) 2006 and Neyzi 1978. The 50™ height
and weight percentiles of the present study were closer to those of WHO than those of Neyzi. Con-
clusion: The present study reports the updated percentile values and curves for height and weight in
a group of predominantly breastfed children aged 0-2 years from the medium-high socioeconomic
status in Ankara. However, since the obtained data does not represent the whole country, it may be
more reasonable to use the updated WHO multicenter growth reference curves.

Key Words: Child; growth; growth&development; body height; body weight changes

OZET Amag: Bu calismada, Ankara’da yasayan, orta-yiiksek sosyoekonomik diizeyden gelen ve
agirlikl olarak anne siitii ile beslenen, 0-2 yas arasindaki bir grup Tiirk ¢ocugu i¢in agirlik ve boy
yiizdeliklerini giincellemek amaglanmigtir. Gereg ve Yéntemler: Caligma, ileriye doniik kohort
seklinde tasarlanmigtir. Orta-yiiksek sosyoekonomik diizeyden gelen 0-2 yas arasindaki Tiirk
cocuklarinin agirlik ve boy élgiimleri, 2002-2004 yillar1 arasinda Gazi Universitesi Tip Fakiiltesi
Saglikli Cocuk Klinigi'nde belirli araliklarla kaydedilmistir. Agirlik ve boy yiizdelik egrileri LMS
yontemiyle olusturulmustur. Bulgular: Hesaplanan yiizdelik degerleri, erkek ¢ocuklarin kiz
¢ocuklarindan daha biiyiik agirlik ve boy degerlerine sahip oldugunu gostermektedir. Agirlik ve
boy yiizdelik egrilerinde erkek ve kiz ¢ocuklar i¢in 24 aylik yasa kadar yukar1 dogru bir egilim
vardir. Hesaplanan 50. agirlik ve boy yiizdelikleri Diinya Saglik Orgiitii (DSO) 2006 ve Neyzi 1978
aym ylizdeliklerinden daha biiyiik bulunmustur. Ayrica hesaplanan 50. agirlik ve boy yiizdelikleri,
DSO yiizdelik degerlerine daha yakindir. Sonug: Bu calisma, agirlikli olarak anne siitii ile beslenip
Ankara’da yasayan orta-yiiksek sosyoekonomik diizeyden gelen, 0-2 yas arasindaki bir grup Tiirk
gocugu i¢in giincellenmis agirlik ve boy yiizdeliklerini ve egrilerini sunmaktadir. Ancak, bu
calismada elde edilen veriler biitiin iilkeyi temsil edemeyecegi icin, DSO'niin giincellenmis bityiime
egrilerinin kullanilmas: daha uygun olabilir.

Anahtar Kelimeler: Cocuk; biiytime; biiyiime-gelisme; agirlik; boy degisiklikleri
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rowth and development of children is a very sensitive indicator of
the general health and nutritional status of children in a populati-
on. Therefore, the study of the effect of social class differences on
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growth and development in a developing society is
a crucial issue."?

One of the major aims of auxological studies is
to obtain reference data to be used in the assess-
ment of growth in children of similar ethnic back-
ground. The growth charts on Turkish children
presently in use in this country were based on me-
asurements of Istanbul children of well-to-do fam-
ilies born in the years 1950-1960. These charts are
therefore selective and represent weight and he-
ight values of a group of children from the higher
strata of the population.?

In Turkey, the percentile growth curves for
children aged 0-18 years, reported by Neyzi et al,
are commonly used as growth standards based on a
sample of healthy well-to-do children.* More re-
cently, Neyzi et al created up-to-date reference
standards for Turkish children and compared them
with growth standards for US children (CDC 2000
Growth Charts) and with previous local data.? Giil-
tekin et al compared height and weight of school
children aged between 7-17 years of low socio-eco-
nomic background with available growth data from
high socio-economic strata.? Few studies on up-to-
date reference standards for Turkish children aged
0-2 years have been carried out based on the medi-
um-high socio-economic level. The aim of this
study was to update the growth standards of a gro-
up of breastfed healthy infants who were longitu-
dinally followed up until 24 months of age. In
addition, we evaluated 50" percentile values for
height and weight for the present study, World
Health Organization (WHO) multicenter growth
standards, the WHO 2006 and the Turkish stan-
dards reported by Neyzi et al in 1978.4°

I MATERIAL AND METHODS

This study was performed between 2002 and 2004
in the Healthy Child Clinic of Gazi University Fac-
ulty of Medicine, Ankara, Turkey. The study popu-
lation was wusually from the medium-high
socio-economic status in Ankara. The study design
was prospective cohort. Ethical approval was gran-
ted by the Gazi University Ethics Committee, An-
kara, Turkey. The families of patients provided
informed consent. The subjects consisted of 466

Turkiye Klinikleri ] Med Sci 2009;29(6)

children (239 boys and 227 girls). The singleton,
term infants (38-42 weeks) with a birth weight of
2500-4000 g, born in the year of 2002 and follo-
wed-up regularly for two years in the clinic were
included in this study. Small for gestational age in-
fants, infants with chronic diseases, and hospitalized
infants were excluded. All infants were seen by a
pediatrician and a pediatric nurse on the 15* day of
life and at 2, 4, 6, 9, 12, 18 and 24 months. On the-
se visits, their feeding histories, growth monitoring
(weight, height, etc.), and immunization schedule
were noted in the standard forms prepared for this
study. In addition, the standard forms including de-
mographic characteristics of the children as well as
all information related to the children were recor-
ded in the computer. Weight and height measure-
ments were performed by a nurse working in the
Healthy Child Clinic. For the infants, recumbent
length was measured with a portable infantometer;
weight up to 18 kg was measured on a digital scale
(Seca, Vogel&Halke, Hamburg, Germany). The he-
ight and weight charts were based on 1700 height
and weight measurements for boys, and 1576 he-
ight and weight measurements for girls. The mean
number of measurements per boys and girls was
7.11 + 1.31 and 6.94 + 1.23, respectively.

STATISTICAL ANALYSIS

Height and weight percentile curves were cons-
tructed by the LMS method, which was developed
by Cole in 1988. The LMS method is based on the
assumption that data can be normalized by means
of a power transformation, stretching one tail of
the distribution and shrinking the other, thereby
removing any skewness. LMS technique is one of
the most commonly used methods for improving
reference centile curves. Box-Cox power, mean or
median and coefficient of variation are the para-
meters of the LMS technique, respectively. A Box-
Cox power transformation applied to obtain the
data is closely approximated by a normal distribu-
tion. In detail, the L curve is the smoothed curve of
the Box-Cox power transformation plotted against
age; the M curve is the smoothed median of the
measurement plotted against age, and the S curve is
the smoothed curve of the measurement’s coeffici-
ent of variation as it changes with age. The three
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TABLE 1: Demographic characteristics of the children.
Demographic characteristic n %
Gender

Girl 227 49

Boy 239 51
Mother's education (years of schooling)

<5y 2 04

511y 224 52.4

>11y 220 47.2
Father's education {years of schooling)

<5y

511y 214 46

>11y 252 54
Mother's occupation

Housewife 210 45.1

Civil servant (teacher, doctor etc.) 218 46.8

Business owner 16 34

Other 22 47
Father's occupation

Civil servant (teacher, doctor etc.) 345 74

Workman 12 2.6

Business owner 81 17.4

Other 28 6

parameters of the method are estimated from the
smoothed data curves.”? In the present study, the
estimation of L, M and S parameters was organized
at one-month age intervals separately for boys and
girls. The curves were fitted by maximum penali-
zed likelihood to three smoothed curves: L(t) the
Box-Cox power, M(t) the median and S(t) the coef-
ficient of variation. Centile curves at age t can be
obtained as C;p,(t)= M(t)[1 + L(t)S(t)Z, ]V, whe-
re Z, is the normal equivalent deviate for tail are-
a o and Cy,(t) is the centile corresponding to Z.
The 3%, 10, 25%, 50, 75, 90", and 97" centiles
were estimated by using calculated L, M and S val-
ues for specific age points. Fitting curves and smo-
othing were carried out by the software program
ImsChartMaker Light v. 2.3. Student’s t-test for in-
dependent samples was used to compare the mean
weight and height measurements according to gen-
der. Repeated measures were analyzed by repeated
measures ANOVA. Multiple comparisons were do-
ne with the Tukey test. p< 0.05 was considered sta-
tistically significant.

TABLE 2: The 50" weight and height percentile values of the present study, WHO and Neyzi for boys and girls.
Month Height (cm) Weight (g)
Present WHO Neyzi Present WHO Neyzi
Boys
0 50.8 49.9 50.6 3411 3300 3400
1 54.9 547 - 4540 4500 =
3 62.1 61.4 60.5 6495 6400 5900
6 69.5 67.6 66.5 8350 7900 7800
9 741 72.0 71.0 9422 8900 9000
12 77.4 75.7 747 10.267 9600 10.000
15 80.6 79.1 78.0 11.023 10.300 10.800
18 83.7 82.3 81.5 11.711 10.900 11.500
24 90.0 87.8 84.0 12.959 12.200 12.650
Month Height (cm) Weight (g)
Present WHO Neyzi Present WHO Neyzi
Girls

0 50.4 49.1 50.2 3289 3200 3400
1 54.3 537 = 4285 4200

3 61.0 59.8 58.5 6037 5800 5400
6 68.1 65.7 64.5 7793 7300 7400
9 72.6 70.1 69.5 8873 8200 8600
12 76.0 74.0 730 9713 8900 9600
15 79.3 715 76.5 10.478 9600 10.400
18 82.6 80.7 795 11.205 10.200 11.000
24 89.2 86.4 85.5 12.605 11.500 12.200

WHO, World Health Organization
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I RESULTS

Demographic characteristics of the children were
given in Table 1. Mean ages of mothers and fathers
were 28.9 + 5.05 years and 33.1 + 5.24 years, res-
pectively. In the first 4 months, exclusively breast-
feeding (EBF) rate was 53.7%. None of the infants
was fed with formula alone. Complementary foods
were started at a mean time of 4.4 + 2.8 months. The
infants were still fed with breast milk in addition to
complementary foods with a rate of 86% at 6
months, 66% at 12 months, and 22% at 24 months.

The 50* weight and height percentile values
of the present study, WHO and Neyzi for boys and
girls were shown in Table 2. In boys and girls, the
estimated 50" percentile values of height and we-
ight were mostly higher than the 50" percentile va-
lues of WHO and Neyzi, and the 50" height and
weight percentile values of the present study were
closer to those of WHO than those of Neyzi.

The estimated LMS parameters for height and
weight by age and gender were presented in Table
3. These parameters were used to obtain the requ-
ired centiles for each gender. Predicted percentile
values of weight and height for children aged 0-2
years were given in Tables 4 and 5, respectively.

As can be seen in Table 3, the estimated M pa-
rameters for weight and height in boys were higher
than the parameters in girls for each month. Mean
weight and height measurements for boys were sig-
nificantly higher than those for girls on the 15" day
of life and at 2, 4, 6,9, 12, 18 and 24 months based
on the results of the Student’s t-test (p< 0.05). The-
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FIGURE 1: Weight percentile curves for boys.
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refore, percentile curves for girls and boys were
plotted separately. The highest M parameters for
weight and height were determined at 24 months.
When the repeated measures for weight and height
were analyzed, boys and girls seemed to have dif-
ferent weight and height levels (p< 0.05). The cor-
relation between time and gender was not
statistically significant (p> 0.05).

Figures 1 and 2 depict weight percentile curves
estimated from the LMS parameters. Height percen-
tile curves derived from LMS parameters were des-
cribed in Figures 3 and 4. In both height and weight
percentile curves, there appeared a steady upward
trend until 24 months of age for each gender.

Figures 5-8 demonstrate the 50" weight and
height percentile curves of this study, Neyzi and
WHO standards for both genders. As seen in these
figures, the 50™ weight and height percentile cur-
ves found in this study were higher than the curves
of WHO and Neyzi.

I DISCUSSION

The percentiles of weight and height change mar-
kedly from one country to another and from one
city to another, particularly in childhood. There-
fore, countries have to create, revise or improve
their own weight and height centiles periodically
for the assessment of individual growth.'®!! In ad-
dition, growth standards should be updated accor-
ding to study design, socio-economic status, certain
ages, type of feeding, genders etc. for more accura-
te growth evaluation. The present study improves
and updates the weight and height centiles for a
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FIGURE 2: Weight percentile curves for girls.
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FIGURE 5: The 50" weight percentile values of the present study, WHO and
Neyzi for boys.
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FIGURE 7: The 50" height percentile values of the present study, WHO and
Neyzi for boys

group of 0-2 years old children from the medium-
high socio-economic status in Ankara, Turkey,
who were predominantly breastfed.
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FIGURE 6: The 50" weight percentile values of the present study, WHO and
Neyzi for girls

" |
ol =
m s i |
2 e |
T —

— p- -

I B —

i . .
o
A ]

|
i !
it 1
o ' ' T v —
o 1 E a = I M
Manily
| Protacfib —a— VO Gk TRl

FIGURE 8: The 50™ height percentile values of the present study, WHO and
Neyzi for girls.

The weight and height 50 percentile values
of healthy infants included in our study were hig-
her than the values determined in previous Turk-
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ish standard curves.* This may be attributed to the
higher rate of EBF in the first four months compa-
red to the general Turkish infant population as well
as to long-term breastfeeding among infants in our
study. Additionally a secular upward trend is nor-
mally expected in countries. Our results may be a
reflection of this secular trend. Neyzi et al have re-
cently updated the Turkish 6-18 years old children
growth curves where this similar upward trend is
also visible.® More recently, Neyzi et al created ref-
erence standards for the growth of Turkish infants
and children aged 0-18 years of age.!? However, all
children in the study of Neyzi et al were from well-
to-do families and attended schools in relatively
economically well off districts in Istanbul.'? The
study of Neyzi et al did not involve children from
the medium-high socio-economic status in Ankara,
who were predominantly breastfed; therefore, our
results may be complementary to theirs.'”” The
three-percentile value, which was the lowest level
of normal weight and height, was quite similar to
WHO values, both in boys and girls in our study,
whereas it was higher than the previous values of
Neyzi. If growth standards are not updated, we
may underdiagnose growth failure cases as they
will appear as 3 percentile although their percenti-
le is below normal. It is reported that the time re-
lated change in percentile values is especially
prominent and important in lower percentiles; the-
refore, it is mandatory to update the growth cur-
ves in each country.”'* The differences in the
growth patterns in the present study, WHO and
Neyzi may be attributed to feeding types, sample
size, measurement intervals, diverse place (country
or city) and different socio-economic status. Re-
cently, Onis et al compared the WHO and Centers
for Disease Control and Prevention (CDC) curves
and assessed the growth performance of healthy
breast-fed infants according to both." They repor-
ted that the WHO standards provided a better tool
than the CDC 2000 growth charts for monitoring
the growth of breast-fed infants. In addition, this
study underlines the significant effect of breast-fe-
eding on growth. In the present study, the sample
included predominantly healthy breastfed infants.
Similarly, the WHO standards are based on a sam-
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ple of healthy breastfed infants with high-quality
complementary diets.'®!” Bundak et al presented
data and curves for body mass index values in he-
althy Turkish children aged 6 to 18 years using the
LMS method.'® More recently, Ozer developed ref-
erence growth centiles for 1.427 (709 boys and 718
girls) Turkish children and adolescents aged 6-17
years in Ankara.”

The use of age, gender, and disease specific
growth charts is essential in assessing nutritional
status and monitoring nutrition interventions. A
complete nutritional assessment includes nutriti-
onal history including dietary intake, physical ex-
amination,  anthropometric = measurements
(weight, length or stature, head circumference,
etc.), and laboratory tests of nutritional status.
Vigilant nutritional assessment may allow the pro-
vision of appropriate nutritional support to chil-
dren. The strength of this study is that the values
were obtained from a group of infants who were
monitored in a longitudinal way. In infancy when
growth is fast, longitudinally obtained values are
considered more reliable."* As our study infants
were predominantly fed with breast milk in the
first 6 months (86%) and then were fed with bre-
ast milk in addition to complementary foods, our
results may be used as a reference for infants fed
with breast milk.

The limitation of our study is related to our
study sample, which does not represent the whole
country. It is a sample of children who live in me-
dium-high socio-economical level families, are he-
althy, fed according to recommendations and do
not have malnutrition. As the curves obtained in
this study are very close to WHO study growth
curves, this study also helps us to decide which cur-
ves to be used while following-up a healthy breast-
fed infant.

In conclusion, the present study reports the
updated percentile values and curves for height and
weight in a group of predominantly breastfed chil-
dren aged 0-2 years in Ankara. However, since the
obtained data does not represent the whole coun-
try, it may be more reasonable to use the updated
WHO multicenter growth reference curves.
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