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Background: It is important to monitor the development of infants
and children during their growth period. Various anthropometric
parameters of children are measured at regular intervals after birth, and
their general health and nutrition and physiological needs are assessed
based on these measurements.

Aims: To construct the current body mass index (BMI) percentiles
and compare them with the literature reports and World Health
Organisation (WHO) data.

Study Design: Cross-sectional study.

Methods: This study is a cross-sectional research on 1,345 boys
and 1,364 girls of age ranging from 0 to 24 months; their BMIs
were measured at the Baskent University Hospital from January

2018-December 2021. The BMI growth curves for either gender were
constructed according to the LMS method by using RefCurv 0.4.2.
software. The “gamliss” package was employed for the selection of
model parameters in fitting the BMI growth curves, and the model
performance was evaluated with reference to the generalized Akaike
information criterion (GAIC).

Results: According to gender, smoothed BMI growth curves were
constructed in the 34-97% percentiles. The model adequacy of the fitted
growth curves was evaluated with the worm plot. The fit of the BMI
model to the data was found to be sufficient, with 95% of the BMI
values occurring between two elliptic curves.

Conclusion: The study shows a slight increase in BMI percentile
values obtained by gender compared to WHO standards.

INTRODUCTION

Monitoring the growth phase of children from their birth is the best
approach to summarize the change in their health status. Growth is
one of the most important indicators in the development of a child,
for the early diagnosis of potential diseases, and for the evaluation
of their nutritional status. Parameters such as length/height, weight,
head circumference, and body mass index are anthropometric
indicators of the growth phase of children. These measurements
help monitor the healthy development process of children according
to their age.!

While monitoring the growth and development of children,
comparisons are made with reference or standard growth curves
for healthy children of that particular country and in terms of age
groups and gender.>* Growth charts act as a visual tool to follow the
growth of children in developed or developing countries; it shows
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the distribution of anthropometric measurement that changes with
age.*

Recently, the increase in overweight and obesity in children has
been common. This is a risk factor that adversely triggers health in
the future.’ While the increase in obesity is higher in low-income
and developing countries, a similar trend has been reported in other
countries as well. In addition to acting as a risk factor for health,
obesity is associated with other problems such as psycho-social,
social, and economic problems, and planning of health services.*’

Over one-third of US adults are obese.® Prevention of adult obesity
requires identifying at-risk individuals at a time in life when the
interventions may be most effective, which can be as early as
infancy.”'“"" A major challenge in identifying infants at the highest
risk for obesity is that there is currently no accepted definition for
excess adiposity in infants under the age of 2 years. Currently, body
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mass index (BMI) is used to address obesity in children and
adults.!?

Recent studies have suggested that BMI may be a useful index
of adiposity in infancy while also providing information about
potential obesity-related risks.!>!?

This study aimed to first construct BMI growth curves according
to gender in 0-2-year-old children. It is the display of the
percentile value corresponding to the BMI measurement at a
certain age with RefCurv software. Then, it aimed to compare the
calculated BMI measurements by the WHO standards and those
standardized for Turkey.

MATERIALS AND METHODS

Study Design and Population

This study is a cross-sectional research consisting of children (n =
1,345 boys and n = 1,364 girls) who were examined at the Bagkent
University Hospital between January 2018 and December 2021.
For the data of the study, the necessary permissions were obtained
from the Bagkent University Hospital (document number:
31220125-20/10256). Ethics committee approval of the study
was obtained from the Hacettepe University Ethics Committee
(GO 20/757). The study was conducted in accordance with the
latest principles of the Helsinki Declaration.

The inclusion criteria for children in this study included single-
born children who had completed their gestational age and
weighed >2,500 g; while those with serious or chronic diseases
were excluded from the study.

The length and weight measurements of the infants attending the
clinic were performed by pediatricians. The BMI was calculated
according to the formula (weight-kg)/(length-m)>. The naked
weights were obtained on the Seca Model 834 electronic digital
scale. The supine length of the infants was measured using the
Seca 207 baby measuring rod.

Considering the need for sufficient sample size in each age group
for the construction of growth curves, at least 100 samples were
assessed for each age group.? The length, weight, and BMI were
measured for the first 24 months of the study. The age groups
consisted of 1-month intervals for the first 6 months and then
3-month intervals up to 18 months and 24-month measurements.

The LMS method was used to construct the growth curves.
The three curves from which the method was named for the
construction of percentile curves included the L curve (A, Box-
Cox power), M curve (p, median), and S curve (o, coefficient of
variation).

The Z-score of a child whose anthropometric measurements were
known was calculated using the L, M, and S values determined
from the reference population of children’s peers by using
Equation 2.1. The variable t indicates the age and the calculation
of percentile values for the measurement of BMI at each time
t is indicated by Equation 2.2. The Za given in the equation
represents the Z-score corresponding to the percentile value.?!
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[BMI/M(t)]L(t)—l

L(D)S(t)
2.2. Ciooa() = M(D)[1 + L(D)S(L) Zo]V/+®

2.1.Z=

The worm plot is a visual diagnostic tool used to evaluate the fit of
a statistical model to the data. The use of worm plots in the growth
curves evaluated the age-related normality of anthropometric
measurements in the fitted model. In this study, the worm plots
were used to evaluate the model fit of the length, weight, and BMI
growth curves.?

Statistical analysis

Length, weight, and BMI growth curves were constructed by using
the RefCurv 0.4.2. software® with the GAMLSS package 5.0-3.%
The worm plots were created with the R 4.1.2 version.?

The LMS and LMSP methods are based on the BCCG (Box-
Cox-Cole and Green) and BCPE (Box-Cox Power Exponential)
distributions, respectively. To determine the best model, the Box-
Cox power transformation at age (x= age)) which gives the smallest
global deviance value, was determined by using the grid search
approach. Cubic splines served smoothing functions in the curves.
The generalized Akaike information criterion (GAIC) values were
employed to evaluate the model performances so that the penalty
coefficient was determined as #=3. In the GAMLSS package, the
model parameters are selected with the find.hyper() command by
using an automatic procedure.

The diagnoses of the models were examined by controlling the
normalized quantile residuals and worm plots. When the model
was fitted for each anthropometric measurement, it was observed
that the residuals had a normal distribution, and the Q-Q plots were
linear. The means of the residuals were 0, the variances were 1, the
skewness coefficients were 0 and the kurtosis coefficients were 3,
indicating a standard normal distribution.

RESULTS

According to the LMS method, the L, M, and S values for the
length, weight, and BMI measurements of girls and boys as well as
the percentile values between the 3™ and 97" percentiles are given
in Tables 1-3. BMI Z-scores in the range of 3 standard deviations
were calculated for each age group according to gender (Table 4).

The optimal model for obtaining the length growth curves of boys
(x = ageM, df(u) = 7.8, df(o)= 5.9, df(v) = 2.1) and girls (x =
age % df(p) = 8.9, df(c) = 2.1, df(v) = 2.1) were determined as
BCCG, and the growth curves were constructed (Figure 1). The
model performances for the length data were calculated as global
deviance = 5670.87, AIC = 5702.47 and GAIC(#=3)= 5718.27
for boys and as global deviance = 5983.66, AIC = 6009.86 and
GAIC(#=3)= 6022.96 for girls.

The optimal model for obtaining the weight growth curves of boys
(x = ageM?, df(n) = 5.8, df(o) = 4.9, df(v) = 2.1, df(r) = 2.1)
and girls (x = age™">, df(u) =8.3, df(c)=6.3, df(v)=3.1, df(t)=5.1)
were determined as BCPE, and the growth curves were constructed



Cakmak et al. Body Mass Index Growth Curves 273

TABLE 1. Length-for-age Percentiles of Children Aged 1-24 Months with the LMS Method.

Boys’ percentiles (length in cm)
Months n Mean + SD L M S 3rd 5t 10* 15® 25 50t 75m 85t 90" 95t 97t

1 124 54.65+192 2495 54703 0.035 50.90 5140 52.16 52.66 5338 5470 5597 56.63 57.07 5772 58.14
2 114 58.59+1.85 0.036 58563 0.032 5513 5555 5620 56.65 5731 5856 59.83 6053 61.01 61.72 62.19
3 100 62.24+1.61 -6.986  62.081 0.025 59.60 59.87 60.31 60.62 61.09 62.08 6320 6388 6437 65.16 65.72
4 122 64.15+1.77 1332  64.166 0.028 60.75 61.18 61.84 6229 6295 64.16 6537 66.01 6645 67.09 67.51
5 127 66.59+2.08 1.783  66.617 0.032 62.50 63.03 63.83 6437 6516 66.61 68.04 68.79 6930 70.05 70.53
6 112 6830+2.18 -1.639 68211 0.032 6440 6485 6555 66.04 6678 6821 69.72 7057 71.17 72.07 72.67
9 118 72.58+193  -1466 72522 0.027 69.05 69.46 70.11 70.56 7123 7252 7387 7462 75.14 7593 76.45
12 142 76.60+£2.07 -4.620 76.446 0.026 73.14 7351 7411 7452 7516 7644 7785 78.67 79.26 80.17 80.80
15 138 79.92+2.05 3.208 79981 0.026 75.83 76.38 7721 7775 7855 7998 8135 82.07 82.55 83.25 83.69
18 127 8292+225 0522 82908 0.027 78.74 7926 80.06 80.60 81.40 8290 8442 8524 8580 86.62 87.16
24 121 88.24+2.88 3.630 88365 0.032 8256 8335 84.52 8529 8640 8836 9021 91.17 91.80 92.72 93.30
Girls’ percentiles (length in cm)

Months n Mean + SD L M S 3rd 5th 10® 15® 25T 50t 75 85t 90" 95t 97t

1 123 53.03+£1.92 -1.890 52939 0.036 49.67 50.04 50.64 51.06 51.69 5293 5427 5502 5555 5637 5691
2 103 56.94+1.76  -5.009 56.789 0.030 54.03 5433 54.82 5517 5570 5678 58.01 58.74 59.26 60.10 60.68
3 108 5927191  2.790  59.328 0.032 55.54 56.04 56.79 5729 58.02 5932 6058 6123 61.67 6231 62.72
4 122 62.20+£1.92  -2.155 62.110 0.031 58.79 59.17 59.78 6021 6085 62.11 6345 6421 64.74 6555 66.10
5 113 64.26+2.07 3.531 64349 0.032 60.13 60.70 61.55 62.11 6292 6434 6570 6639 66.86 67.53 67.95
6 124 66.17+239  -0.739  66.099 0.036 61.87 6237 63.16 63.71 6452 6609 67.73 68.64 69.27 7022 70.85
9 133 70.78+2.53  -1.596 70.672 0.035 6638 66.88 67.67 6822 69.05 70.67 7239 7336 74.04 75.07 75.76
12 122 7522+231  -0.662 75.165 0.031 70.98 71.48 7227 7281 73.62 7516 76.76 77.64 7825 79.16 79.77
15 135 7827+246 1798 78301 0.032 7346 7408 75.03 75.66 76.59 7830 79.97 8086 8146 82.33 82.90
18 129 82.03+2.71  2.031 82.072 0.033 7680 77.48 7852 79.21 80.22 82.07 83.87 8483 8547 86.40 87.01
24 152 86.37+2.71 1.299  86.342 0.031 81.26 81.90 82.88 83.55 84.53 8634 88.14 89.10 89.75 90.71 91.33

SD, standard deviation

TABLE 2. Weight-for-age Percentiles of Children Aged 1-24 Months with the LMS Method.

Boys’ percentiles (weight in kg)

Months n Mean+SD L M S 3 5th 10™ 15% 254 50 75%h 85t 90 95t 97t
1 124 445+044  2.027 4.469 0.099 3.53 3.66 3.85 3.98 4.15 4.46 4.75 4.90 500 514 523
2 114 580+0.45 -2.044 5747 0.077  5.06 5.13 5.25 5.33 5.47 5.74 6.07 6.26 6.41 6.65 6.82
3 100 6.60+036  -2.827 6.567 0.053  6.01 6.07 6.17 6.24 6.34 6.56 6.81 6.97 7.08  7.25 7.38
4 122 7.04+0.41 1.472  7.049 0.059 6.24 6.34 6.50 6.61 6.76 7.04 7.32 7.47 7.57 171 7.81
5
6
9

127 7.74+0.48 1.196  7.748 0.063  6.81 6.93 7.11 7.23 7.41 7.74 8.07 8.25 8.36 8.54 8.65
112 8.17+0.56 0.807  8.174 0.069 7.12 7.25 7.45 7.59 7.79 8.17 8.55 8.76 890  9.11 9.24
118  9.23+0.50 6.552  9.306 0.051  8.00 8.23 8.54 8.72 8.95 9.30 9.59 9.73 9.82  9.94 10.02

12 142 10.08£0.66 -2.899 10.003 0.063 9.03 9.13 9.30 9.42 9.61 10.00 1046 10.75 1096 1131 11.56
15 138 10.78+0.59 -1.905 10.750 0.054 9.79 9.90 10.07 10.19 1037 10.75 11.16 11.40 11.57 11.84 12.03
18 127 11.38+0.76 -0.921 11.332 0.066 10.07 1021 1044 10.60 10.84 11.33 11.85 12.16 1237 1270 12.92
24 121 12.57+41.03 0917 12576 0.083 10.62 1086 11.24 11.49 11.87 12.57 13.28 13.66 1391 1430 14.55
Girls’ percentiles (weight in kg)

Months n Mean+SD L M S 3 5t 10™ 15® 25% 50® 75" 85® 90 95t 97

1 123 4.05+0.40 1.869  4.072 0.099 3.23 3.35 3.52 3.63 3.79 4.07 433 4.47 4.56  4.69 477
2 103 5.11+£0.39 1.676  5.122 0.077 4.34 4.45 4.60 4.70 4.85 5.12 5.38 5.51 560 573 5.82
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TABLE 2. Continued

Girls’ percentiles (weight in kg)
Months n Mean+SD L M S 3rd 5t 10m 15" 25 50t 75t 85t 90 95t 97t

3 108 5.66+0.48 1.621 5.678 0.086 4.70 4.83 5.02 5.15 5.34 5.67 6.00 6.17 6.28 6.44 6.55
4 122 6.31+0.56 -0.435  6.281 0.088 5.35 5.45 5.62 5.74 5.92 6.28 6.66 6.89 7.05 7.29 7.45
5 113 6.98+0.73 2395 7.034 0.104  5.40 5.64 5.99 6.20 6.51 7.03 7.50 7.74 7.89 8.11 8.25
6 124 7.47+0.73 0.859  7.468 0.099  6.09 6.26 6.52 6.70 6.97 7.46 7.96 8.23 8.42 8.69 8.87
9 133 8.59+0.83 1.054  8.602 0.097 7.02 7.22 7.52 7.73 8.03 8.60 9.16 9.46 9.66  9.96 10.16
12 122 9.86+0.91 2341 90917 0.093 791 8.20 8.62 8.89 9.26 9.91 10.51 10.81 11.01 11.30 11.48
15 135 1044+0.82 2461 10.489  0.079 8.71 8.96 9.33 9.57 9.90 1048 11.02 11.30 1148 11.74 11.90
18 129 11.28+0.85 -0.603 11.233  0.075 9.81 9.97 1023 1041 10.68 11.23 11.82 12.16 1240 12.76 13.01
24 152 12.21+0.97 0.683 12203 0.079 1043 10.65 1098 11.21 11.55 1220 12.85 1321 1345 13.82 14.05

SD, standard deviation; LMS, Lambda-Mu-Sigma

TABLE 3. BMI-for-age Percentiles of Children Aged 1-24 Months with the LMS Method.
Boys’ percentiles (BMI in kg/m?)

Months n Mean+ SD L M S 3rd 5t 10* 15® 251 50t 75% 85t 90t 95t 97t

1 124 1487+1.12  1.207 14882  0.076 1272 1299 1342 13.70 14.12 14.88 15.64 16.04 1632 16.72 1698
2 114 16.89+1.04 1917 16922  0.062 14.83 1511 1552 1580 1620 1692 17.62 1798 1822 1857 18.80
3 100 17.05+0.86  2.533 17.085 0.050 1534 1558 1593 16.16 1649 17.08 17.65 1794 18.13 1841 18.59
4 122 17.13+1.03 -1.516  17.050 0.060 1536 15.55 1585 16.06 1639 17.05 17.78 1820 18.50 1897 19.30
5 127 17.49+1.18 0.250 17.458 0.067 1536 15.61 16.00 1628 16.68 1746 1826 1870 19.01 19.46 19.76
6 112 17.55+126 -0.627 17479 0.071 1538 15.61 16.00 1627 16.67 1748 1835 1885 19.20 19.73 20.09
9 118 17.54+096  2.707 17.589 0.055 1558 1585 1627 1653 1692 1759 1822 1855 18.76 19.07 19.27
12 142 17.20+£1.10 0.226 17.168 0.064 1520 1543 1580 16.06 16.44 17.17 1792 1834 18.62 19.05 19.33
15 138 1690+1.08 -1.303 16.823 0.063 15.07 1526 1558 1580 16.14 1682 17.57 18.01 18.32 18.80 19.13
18 127 16.56+0.99  0.785 16.549 0.006 1470 1493 1529 1553 1588 16.55 17.22 1758 17.83 1820 18.44
24 121 16.15+1.08 -1.428 16.068 0.065 1436 14.54 1485 1507 1540 16.07 16.81 1724 17.56 18.04 1838
Girls’ percentiles (BMI in kg/m?)

Months n Mean+SD L M S 3rd 5t 10* 15" 25 50" 75" 85t 90t 95t 97"

1 123 1440+1.09 -0.003 14359 0.076 1244 12.67 13.02 1327 13.64 1440 15.11 1553 1582 1627 16.56
2 103 1576 £0.94 2.673 15.809 0.060 13.82 14.09 1450 14.77 15.14 1581 1642 1674 1695 1725 17.44
3 108  16.12+1.17  0.793 16.115 0.073 1393 1420 1462 1490 1532 16.12 1691 1734 17.63 18.07 18.35
4 122 1633+1.34 -0906 16229 0.080 14.09 1433 1471 1498 1539 1623 17.15 17.68 18.07 18.67 19.07
5 113 16.88+1.35 1.642 16914 0.080 1422 1458 1511 1547 1598 1691 17.81 1828 18.59 19.05 19.34
6 124 17.05+1.27 0.556 17.031 0.074 1473 1501 1544 1574 16.19 17.03 17.88 1835 18.68 19.15 19.47
9 133 17.15+131 -0468 17.079 0.076 14.87 15.12 1552 1580 1623 17.08 1798 1850 18.86 19.42 19.80
12 122 17.42+134 1.268 17.431  0.077 1485 15.18 1568 16.02 16.51 17.43 1832 1880 19.13 19.60 19.90
15 135 17.04+1.00 1974 17.065 0.059 15.05 1532 1572 1598 1637 17.07 17.73 18.07 1831 18.64 18.86
18 129 16.78+1.16  0.131 16.748  0.069 14.69 1493 1532 1558 1598 16.75 17.54 1798 1828 1874 19.04
24 152 16.37+1.12  0.607 16313  0.068 1427 1452 1491 15.17 1557 1631 17.06 17.47 1775 18.17 1845

SD, standard deviation; LMS, Lambda-Mu-Sigma; BMI, body mass index
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(Figure 2). Model performances for weight data were calculated
as global deviance = 2241.57, AIC = 2271.37 and GAIC(#=3) =
2286.27 for boys and as global deviance =2779.92, AIC = 2825.52
and GAIC(#=3) = 2848.32 for girls.

The optimal model for obtaining the BMI growth curves of boys
was determined as BCCG (x = age’™?!, df(u) = 7.2, df(c) = 2.1,
df(v) = 2.1), while the model performances for BMI data were
calculated as global deviance = 3987.02, AIC = 4009.82 and
GAIC(#=3)= 4021.22. The optimal model for obtaining the BMI
growth curves of the girls was determined as BCPE (x = age™™*'"3,
df(p) = 6.3, df(c) = 4.9, df(v) = 2.1, df(tr) = 2.1), while the model
performances for BMI data were calculated as global deviance =
4322.80, AIC = 4353.60 and GAIC(#=3) = 4368.99. Accordingly,
the growth curves were constructed (Figure 3).

From the smoothed growth curves constructed according to the
LMS method with the RefCurv software, the percentile in which
any child falls can be checked. Figure 4 shows the BMI of 17.376
kg/m? at age 6 months for boys corresponding to the 46.653%
percentile (L =-0.62, M =17.479, S =0.071 for 6 months boys).

TABLE 4. BMI-for-age z-scores of Children Aged 1-24 Months with the LMS
Method

Boys’ Z-scores (BMI in kg/m?)
Months -3SD -2SD  -1SD  Median 1SD 2SD 3SD
1 1140 1258 13.74 14.88 16.00 17.11 18.20

2 13.44 1469 1584 1692 17.94 1891 19.84
3 14.15 1522 1620 17.09 1791 18.68  19.40
4 1454 1527 16.10 17.05 18.16 19.47 21.03
5 1421 1523 1632 17.46 18.66 19.92 21.24
6 1431 1526 1631 1748 18.80 20.28 21.97
9 14.14 1544 1657 17.59 18.51 19.37  20.16
12 14.11  15.08 16.10 17.17 18.29 1948 20.72
15 1421 1497 1583 16.82 17.97 1931  20.90
18 13.63 1459 1556  16.55 17.55 18.56  19.58
24 13.53 1426 15.10 16.07 17.20  18.55  20.19

Girls’ Z-scores (BMI in kg/m?)
Months -3SD -2SD  -1SD  Median 1SD 2SD 3SD
1 11.43 1233 13.30  14.38 1549 16.71 18.03

2 1236  13.67 1480 1599 16.71 17.54 1831
3 12.67 13.79 1494 16.04 17.30  18.50 19.72
4 13.06 13.97 15.02 16.27 17.63 19.29 21.27
5 1246  14.04 1552 16.88 18.23  19.49  20.70
6 1343 1459 1579 17.08 1831 19.63  20.99
9 13.75 1474 1585 17.06 18.45 1999 21.73
12 1326  14.68 16.07 17.41 18.76  20.06 21.34
15 13.72 1492 16.02 17.03 18.04 18.97 19.86
18 13.57 1457 15.62 16.74 17.93  19.20 20.54
24 13.12 1415 1521 16.23 17.43  18.59 19.77

SD, standard deviation; BMI, body mass index
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The model adequacy of the BMI growth curves by gender was
examined with the help of a worm plot (Figure 5). When the fit
of the model selected with the worm plots was evaluated, 95% of
the data was found to be between two elliptic curves in the graphs
obtained for all age groups.

BMI 50" percentile values by gender were compared for the present
study, the Neyzi et al.”® study, and the WHO study (Figure 6).

DISCUSSION

Growth curves are the best indicators to summarize the changes
in a child’s general health beginning from birth. These curves
help understand the extent to which physiological needs are met
during the growth and development of a child in a typical society
by monitoring the nutritional status and assessing early diagnosis
of potential diseases.*

In this study, the length, weight, BMI percentiles, and BMI
Z-scores of the children were calculated according to their gender.
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FIG. 1. Length-for-age growth curves of the boys and girls.
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In practice, after calculating the L, M, and S values of children
in each age group, a series of statistical formulations percentile
values were obtained. In the construction of growth curves, it is
very important to provide flexibility in the curves by selecting the
optimal model. In this study, the growth curves were constructed
by considering model performances to determine the optimal
model for length, weight, and BMI measurements. In this study,
we used the RefCurv software to examine which child corresponds
to which percentile. Thus, a graphic representation of the percentile
value of a child whose body mass index is known for age was
presented in this study.

The length, weight, and BMI percentiles calculated by the WHO?’
and Neyzi et al.?® were compared with our data. According to the
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FIG. 2. Weight-for-age growth curves of the boys and girls.
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50" percentile length values specified by the WHO, Neyzi et
al.?, and our study with gender, the length measurements of both
boys and girls were found to be very close to each other based on
their age groups when examined at 3-month intervals from the 3™
to the 24™ month. We also observed that the lengths of Turkish
children aged 12-24 months were approximately 0.5-1 cm taller
than that specified by the WHO standards. When the percentile
values of the WHO, Neyzi et al.?®, and our study were examined,
the weight measurements in the 50" percentile for both girls and
boys were found to be close to each other until the first 9 months.
However, from the 9" month onward, girls were approximately
500 g to 1 kg heavier in different age groups, while boys were
more overweight by approximately 400-500 g.

When comparing the 50" percentile BMI values for boys
by the WHO, the values specified by Neyzi et al.?® and our
values were very similar up to until the first 5 months, while
some differentiation was observed from the 6™ month onward.
According to the WHO standards, the BMI values of 9-month-
old children were approximately 0.370-0.450 kg/m? lower than
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our calculated values. In addition, the BMI values obtained from
the 9" month onward were slightly lower than those reported by
Neyzi et al.'s®® study. When comparing the 50" percentile BMI
values for girls, the values we obtained for the first 6 months
were quite similar to those specified by the WHO standards.
However, from the 6" month onward, it was observed that the
BMI values of the Turkish children were higher than those of
the WHO standards. In particular, the BMI values of those aged
12-18 months for girls in our study were approximately 1 kg/m?
higher than the corresponding WHO standards.

While the optimal model for the construction of growth curves
for boys was the LMS method, the LMSP method was used for
girls. Worm plots were constructed according to the selected
optimal model. Thus, the fit of the selected model to the data
was evaluated. The shape of the worms indicated the discordance
between the model and the data. The closer the data points
were to the line, the closer the distribution of residuals to the
standard normal distribution. Deviations from this line indicated
a deviation from linearity and the degree of fit to the data. Thus,
there existed a close relationship between the effective degrees of
freedom of the fitted BMI model and the worm shapes.

Study Limitations

The limitations of the present study are that, although the growth
curves constructed by gender include the Ankara sample, it would
have been more appropriate to work with a larger sample that
represented the entire population for constructing appropriate
growth percentiles.

In conclusion, the implementation of the RefCurv software
was not encountered in the construction of the growth curves
in the literature. BMI growth curves were constructed with the
RefCurv software for ease of practice and demonstration of
the graphical interface. Although the current length, weight,
and BMI measurements in this study were representative of
only the Ankara sample, they can serve as reference values for
overweight and obesity assessments in children in the future.
Thus, we believe that the present findings will act as a guide for
future studies.
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