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ABSTRACT

Objective: To produce weight for length/height (WLH) percentiles to be used
for the screening of growth and assessment of failure to thrive in infancy and
early childhood.

Methods: The data (2009-2010) of the Anthropometry of Turkish Children aged
0-6 years (ATCA-06) study were used. A cross-sectional study was designed
to calculate the WLH references. Reference weight values for each 5-cm LH
intervals were determined using the LMS Chart Maker Pro version 2.3 software
program (The Institute of Child Health, London).

Results: A total of 3123 children (1573 female, 1550 male) aged 0-6 years
were included in the calculation of the 31, 5th, 10th, 25th, 5(0th, 75th, g5th,
90th, 95t and 97t WLH percentiles. The difference between the 3 and
the 97th percentiles for males was 2.02 cm to 12.64 cm in the 50-54.99
cm and 125-130 cm LH ranges. In the girls, the differences between the
3rd-g7th percentiles ranged from 2.02 cm to 12.64 cm in the 50-54.99 cm and
125-130 cm LH groups. The maximum difference between the 3rd and 97th
percentiles was about half the variation of mean WLH throughout the first
six years of life. The most rapid change in WLH was observed in the 0-2-
year period. Turkish references for WLH were not different from the World
Health Organization standards.

Conclusions: This is the first study in Turkey presenting WLH references in 0-6
year old children. We suggest that the use of WLH in the first two years of life
may be more useful than age-adjusted references in assessment of nutritional
status and diagnosis of failure to thrive.
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Introduction

Frequent screening of weight changes in early childhood is
primarily a reliable indicator of normal nutrition, undernutrition,
or obesity. Body mass index (BMI), which is derived from
weight and length/height (LH), is the primary universal
parameter used to define obesity by showing body frame size,
lean and fat tissue content in a single index. However, length
(in those under age 2 vyears) or standing height (in those
older than age 2 vyears) also need to be taken into account
in the evaluation of body weight. The use of weight for LH
(WLH) percentiles in the diagnosis of failure to thrive (FTT)
has already been reported (1). In the assessment of nutritional
status, it should be remembered that LH loss is significantly
less than weight loss (6% vs. 31%, respectively) particularly
in the early stages of undernutrition (2,3). WLH provides the
weight spectrum for a specific length segment (4,5). Therefore,
the use of BMI as the key index for nutritional evaluation may
not be as satisfactory in children under two years of age as it
is in older children and adults (6). The age-adjusted references
of several anthropometric measurements are currently used
as either follow-up or screening criteria to monitor growth in
children (7).

In the last four decades, age-adjusted references of
several anthropometric measurements of Turkish children
and adolescents have been published. These references
have been updated in recent years, and also, data on new
anthropometric measurements have been added (8,9,10).

This study aims to contribute to the estimation of obesity
and FTT in early childhood by providing reference data for
WLH in Turkish children.
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Methods

The data of the Anthropometry of Turkish Children
Aged 0-6 years (ATCA-06) study in 2009-2010 were used
to calculate the WLH references. Cross-sectional sampling
was performed from the health records of the Family Health
Centers (FHC) located in the city center and suburbs of
Kayseri, a city with more than 1 200 000 inhabitants. The
data sampling units were 21 FHC located in the city center
and suburbs of Kayseri. Stratification according to the
socioeconomic status of parents and sampling proportional
with the population in each socioeconomic level (low,
medium, and high) was performed as recommended by the
local educational authority.

Infants with conditions like prematurity and low birth
weight or multiple births, and those who had any known
chronic or serious illness or malnutrition which may interfere
with growth were excluded. The study protocol was approved
by the Ethics Committee of Erciyes University, and individual
consent was obtained from the parents.

All measurements were performed by two well-trained
health technicians. Inter-observer correlation coefficients
were calculated as >0.98. The weight and height
measurements were taken in duplicate, and the average of
the two measurements was used. An electronic digital scale
(Seca, 354; accurate to 10 g) was used to weigh children
aged 0-2 years without clothing and in a dry diaper. In
children over 2 years, weight measurement was conducted
with a standard beam balance scale (Tefal Ultraslim, France;
accurate to 100 g) with children wearing only underwear.

Length was measured in children aged less than 2 years by
two examiners (one to position the child) with the child supine
on a measuring board. Height was measured with a portable
stadiometer which was calibrated daily in children who were
over two years old. Chronological age was calculated as the
completed three months intervals according to their exact
date of birth. Construction of the percentiles of the 0-6 year
olds for LH in 5 cm intervals was done with the least mean
squares (LMS) Chart Maker Pro version 2.3 software program
(The Institute of Child Health, London), which fits smooth
centiles to reference data using the LMS method (11).

Results

A total of 3024 children (1535 female, 1489 male) aged
between 0 and 6 years were included in the study. The age
distribution of infants and children from birth to six years was
671 (22.2%), 505 (16.7%), 422 (14.0%), 385 (12.7%), 378
(12.5%), 412 (13.6%), and 251 (8.3%), respectively.

The minimum increment in the mean LH from birth to
age 6 years was 52.9 cm in boys and 54.0 cm in girls. The
percentile values for LH-adjusted weight are given in Tables 1
and 2. The difference between the 3rd-97th percentile values
for boys ranged from 2.02 to 11.76 kg in the 50-54.99 cm
and 125-130 cm LH groups, respectively. In the girls, the
differences between the 3rd-97th percentiles ranged from
2.02 cm to 12.64 cm in the 50-54.99 cm and 125-130 cm LH
groups.

The LH-adjusted weight increment in the 50th percentile
was 18.59 kg for boys and 20.11 kg for girls. The increment

Table 1. The 3rd, 5th, 10th, 25th, 50th, 75th, g5th, gth, 95th, 97th |ength/height-adjusted weight percentiles of 0-6-year-old boys

Intervals (cm) L M S 3 5 10 25 50 5 85 90 95 97
50-54.99 -0.056 3.461 0.153 2.60 2.0 2.85 3.12 3.46 3.84 406 422 4.46 4.63
55-59.99 2.197 5.333 0.127 3.80 4.04 4.36 4.85 Br8 5.71 5.99 6.13 6.33 6.46
60-64.99 2.169 6.724 0.114 5.03 5.28 5.64 6.18 6.72 1.22 147 7.64 1.87 8.02
65-69.99 1.780 7.916 0.109 6.14 6.39 6.75 1.32 1.92 8.48 8.71 8.96 9.24 9.42
70-74.99 1.362 9.025 0.106 7.15 7.39 1.76 8.37 9.03 9.66 10.00 10.23 10.56 10.77
75-79.99 0.967 10.152 0.106 8.14 8.39 8.78 9.43 10.15 10.88 11.27 1153 11.93 12.18
80-84.99 0.664 11.338 0.107 9.14 9.41 9.83 10.53 11.34 12.16 12.61 1292 13.38 13.68
85-89.99 0.416 12.594 0.108 10.19 10.48 10.93 11.70 12.59 13.53 14.04 14.40 14.94 15.29
90-94.99 0.144 13.895 0.109 11.29 11.59 12.07 12.91 13.90 14.95 15.54  15.96 16.58 17.00
95-99.99 -0.170 15.207 0.111 12.40 12.1 13.22 14.12 15.21 16.39 17.07 17.55 18.29 18.80
100-104.99 -0.502 16.500 0.113 13.49 13.82 14.36 1532 16.50 17.83 1861 19.16 20.04 20.64
105-109.99 -0.827 17.745 0.115 14.55 14.90 15.45 16.47 17.75 19.22 2011 20.75 21.78 22.50
110-114.99 -1.140 18.926 0.117 15.56 15.91 16.49 17.55 18.93 20.55 2156 2230 23.50 24.36
115-119.99 -1.442 20.036 0.119 16.51 16.87 17.46 1858  20.04 21.82 2294 2379 25.20 26.23
120-124.99 -1.727 21.076 0.121 17.41 11.77 18.38 19.53  21.08 23.01 2426 2523 26.87 28.10
125-130 -1.994 22.050 0.122 18.25 18.62 19.24 2043  22.05 24.13 2552  26.61 28.52 30.01
L: least, M: mean, S: squares
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Table 2. The 3rd, 5th, 10th, 25th 5oth, 75th g5th goth, 95th, 97th |ength/height-adjusted weight percentiles of 0-6-year-old girls

Intervals (cm) L M S 3 5 10 25 50 15 85 90 95 97
50-54.99 0.007 3.632 0.146 2.76 2.85 3.01 3.29 3.63 4.01 423 4.38 4.62 478
55-59.99 0.200 5.083 0.136 3.91 4.04 4.25 4.63 5.08 5.57 5.84 6.04 6.33 6.53
60-64.99 0.320 6.424 0.127 5.01 5.18 5.44 5.89 6.42 6.99 731 7.53 71.86 8.09
65-69.99 0.337 7.631 0.118 6.06 6.24 6.53 7.04 1.63 8.26 8.61 8.85 9.21 9.46
70-74.99 0.247 8.753 0.111 7.06 1.26 1.57 8.12 8.75 9.43 9.81 10.07 10.47 10.73
75-79.99 0.068 9.858 0.105 8.07 8.28 8.61 9.18 9.86 10.58 10.99 11.28 1.1 12.00
80-84.99 -0.110 10.974 0.101 9.09 9.30 9.64 10.25 10.97 11.75 12.20 12.51 12.99 13.31
85-89.99 -0.263 12.118 0.099 10.10 10.33 10.69 11.34 12.12 12.97 13.45 13.79 14.32 14.68
90-94.99 -0.403 13.323 0.099 1113 11.38 11.77 12.47 13.32 14.26 14.79 15.18 15.77 16.17
95-99.99 -0.550 14.624 0.100 12.22 12.49 12.92 13.68 14.62 15.67 16.28 16.71 17.39 17.85
100-104.99 -0.718 16.043 0.103 13.38 13.67 14.14 14.99 16.04 17.23 17.93 18.44 19.23 19.77
105-109.99 -0.855 17.550 0.107 14.57 14.89 15.41 16.36 17.55 18.91 19.73 20.32 21.26 21.91
110-114.99 -0.980 19.095 0.113 15.75 16.10 16.68 17.75 19.10 20.67 21.62 22.31 23.43 24.22
115-119.99 -1.078 20.645 0.119 16.90 17.29 17.93 19.12 20.65 22.45 23.56 24.38 25.71 26.66
120-124.99 -1.112 22.190 0.125 18.01 18.44 19.15 20.47 22.19 24.25 25.52 26.48 28.03 29.15
125-130 -1.131 23.736 0.132 19.09 19.56 20.34 21.81 23.714 26.06 21.52 28.62 30.42 31.73
L: least, M: mean, S: squares

in the 50th percentile for each 5-cm interval in the WLH

between the shortest and tallest children ranged from 0.97- Table 3. Age-adjusted length/height cut-offs for weight in both genders
1.87 kg for boys and 1.11-1.55 kg for girls. The increment Boys
for the 3rd and 97th percentiles in boys was 15.65 cm and
25.38 cm, respectively, and in girls, it was 17.14 cm and 26.95 Age Prevalence ROC Cut-off  Sensitivity ~ Specificity
cm, respectively. The range in LH in each age and gender (95% Cl)
group was about 23-35 ¢cm in our sample. In Tables 1 and 2, 9 10.1 0.580 92 818 126
the 3rd, 5th, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th (0.521-657)
WLH percentiles and growth curves for 0-6-year-old male
and female children are shown. The calculated age-adjusted 3 8.5 0.525 1045 31.5 821
length/height cut-offs for weight in both genders are shown IS
in Table 3. We found that the correlation between LH and 4 124 0.517 107.5 50.0 66.7
weight is 94.4, but the age-adjusted correlation was 72.9. (0.448-692)
: : 5 15.1 0.629 114 64.5 71.8

Discussion (0.559-0.696)

LH, weight, and head circumference are the three principal 6 12.5 0.584 1215 43.7 82.1
anthropometric measurements used to assess growth, (0.494-0.671)
particularly in early childhood. Although age and gender Girls
are the primary criteria used to assess the anthropometric
measurements of particular children, evaluation of weight 2 5.4 0.635 85 54.5 79.2
with reference to LH (WLH), instead of age (weight for age) is (0.565-0.702)
prqposed to make a signiﬂcant contribution in diagnosing FTT 3 82 0,540 102 319 85
in infancy and early childhood (2,3,4,5). (0.468-0.611)

In spite of the fact that LH is a denominator in the
calculation of BMI, age-adjusted BMI calculation may not 4 155 0.570 113 16.1 97
be specific for the discrimination of lean or body fat mass (0.498-0.639)
(2,3,4,5). Stature_—dependent BMI irj different periods ha; ‘Fhe 5 11 0.643 15 739 57.1
potential for variation by the relative leg length and sitting (0.574-0.709)
height to different directions (4,12). Therefore, screening
growth and nutrition together with WLH may provide 6 83 0.564 1156 63.6 51.1
additional reliable information in early childhood. s
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There are a number of studies which suggest that
adolescent and adult obesity are related to LH in childhood
(13).

To our knowledge, this study provides the first LH
references in a group of 0-6-year-old Turkish children. Our
findings indicate that in early childhood, there is no significant
difference between the genders in the final change of WLH,
but there is a great difference between the upper and lower
limits of weight for a particular range of LH, which is 23.5
cm in girls and 24 cm in males. This difference may be used
as a gross and easily recalled parameter to assess growth
monitoring. The maximum difference between the 3rd-97th
percentiles is about half the variation of the mean WLH in the
first six years of life.

We used the minimum and maximum LH as the lower and
higher limits for our references, 50-130 cm for both genders.
The relatively small sample size in our study prevented us
from calculating LH percentiles in a much narrower range
(e.g. 1 cm intervals). Cross-sectional study design may also
be considered as a limitation since serial measurements
over a period of time would allow more precise results in the
assessment of growth (14). However, since the difference in
weight for each 5-cm interval is about 1.5 kg, we consider
that a 5-cm range would not result in a significant deviation.

When changes in BMI and WLH values in infants and
children aged less than 6 years are compared, it is noted that
no significant change occurs in BMI values with age, other
than a small increment in the second year of life (Figure 1).
On the other hand, a rapid decrease in WLH ratio is noted
after the first year of life, a finding which is probably related
to rapid growth in length in this age group. These findings
indicate that WLH could be considered a reliable method
to monitor growth in infants and young children and also
suggest that LH-adjusted weight may be a more reliable
index than age-adjusted weight when comparing national
data with international standards. As shown in Figure 2, the
WHLH values for Turkish children were found to be comparable
to World Health Organization references (14,15).

In Figure 3, we compared the 3rd, 50th and 97th percentiles
of WLH in girls and boys. In the 50th percentile and the 3rd
and 97th percentiles, there were no significant differences
between the two genders for WLH in LH groups under 110
cm. In the 110-130 cm range, the height-adjusted weight
difference between girls and boys gradually increased to 1.0-
1.5 cm. This difference may be explained by the observation
that obesity rebound is higher in girls than in boys.

In conclusion, we believe that our findings may be used
as the first WLH references in our population. Since WLH is
relatively high in the first 24 months of life, interpretation of
weight should be made according to LH primarily in this age
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Figure 1. Comparison of variation in body mass index and weight for
length/height ratios in preschool children
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Figure 2. The comparison of 50" percentiles of weight for length/
height between World Health Organization standards and Turkish
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Figure 3. The comparison of 31d, 50th and 97t percentiles of weight
for length/height between the genders in infants and children
group. Since the 5t percentile value for LH-adjusted weight is
considered a prerequisite in the early diagnosis of FTT, these
reference values could be helpful in the diagnosis of FTT in
Turkish children.
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