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Detecting Age Prone to Growth Retardation in Children Through a
Bi-Response Nonparametric Regression Model with a Penalized Spline

Estimator

Abstract

Background: The growth of children aged 0-60 months can impact their subsequent growth and
development. This study aims to identify the vulnerable age for boys and girls, who experience
growth retardation within this age range. Methods: The study design used was a cross-sectional
approach in which each child’s measurement data was only taken once. The data were obtained
from weighing results at the Health Integrated Service Post in South Sulawesi Province in 2022.
The number of data analyzed was 698 children, namely 369 boys and 329 girls by considering the
factors of age, weight, and height. We used a nonparametric bi-response regression model estimated
using a penalized spline. The knots used are 12, 24, 36, and 48 on each model. Results: The value
of the penalized spline regression coefficient in the model indicates that the child’s growth is slowed
down and is not within normal limits. This can be seen in the weight and height of boys from the
age of reaching 12 months to 24 months, only increasing by about 0.3 kg and 0.3 cm. For girls, the
problem occurs from the age of 24 to 36 months, namely their weight increases by about 0.6 kg,
and their height increases by about 1 cm. Conclusions: The analysis results show that boys’ growth
slows down at 2 years of age and continues until 5 years of age. In the case of girls, their growth
begins to slow when they are 3 years old until they reach 5 years old.
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Introduction

In the problem of child growth, mothers
need to focus on the age group of
0-60 months for their children. Some
studies have indicated that the World
Health Organization (WHO) standard
health card may not be universally
applicable, as there are variations in the
condition of children across different
regions.l! These  differences  could
be attributed to varying geographical
conditions.””! Some studies have suggested
that child growth and developmental,
issues can be influenced by factors such
as nutritional intake,’! economic status,™
and social determinants of health.’! The
nutritional status of children has been
extensively researched, with findings
indicating that boys are more prone to
malnutrition compared to girls, particularly
before they reach 5 years of age.[®

To obtain accurate analysis results, a
flexible statistical approach is needed to be
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able to analyze the condition of each child
at every age of growth. We propose the use
of nonparametric spline regression, which
is a flexible statistical approach because
the data itself will search for appropriate
data patterns.”” Spline involves knot points
in its function to ensure its flexibility
in forming segmentation patterns from
changes that occur in the data.’®) Therefore,
this model is very well used in analyzing
health data, which usually have a variety
of patterns. Specifically, in this study,
the model is used to detect the pattern of
growth and development of children at each
age interval. The tendency of a pattern of
changes that occur in the child’s growth and
development will be shown based on the
optimal placement of knot points. Several
types of splines can be used, namely, spline
truncated” and smoothing spline.'” In large
variable dimensions, the approaches that
have been used include mixed smoothing
spline and Fourier series,'!) spline in
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multi-response cases,!'?! spline bi-predictors,'* and PCA
spline.['¥

We use a penalized spline estimator, a form of spline
estimator that involves the goodness of fit function and the
penalty function in the estimation criteria. This is based
on previous studies that the penalized spline estimator in
nonparametric regression has accurate analysis results
owing to the involvement of knot points and smoothing
parameters.[”! If the data contains two responses and are
correlated with each other, then we use a bi-response
nonparametric regression model.l') For this reason,
we detected the age at which children are susceptible
to developmental delays through a penalized spline
bi-response model. This study aims to determine the age
at which children begin to experience slowed growth based
on the factors of weight and height between the ages of
0 and 60 months. Both weight and height are assumed to
be correlated with each other, so they must be analyzed
together. We detect it in the weight and height factors of
children aged 0-60 months, both of which are assumed
to be correlated with each other so they must be analyzed
together.

Materials and Methods

In this study, we utilized a cross-sectional approach to
analyze weight and height data as indicators of children’s
growth based on their age in months. This study began in
2022 when children’s weight and height were measured
during visits to several Health Integrated Service
Post (Posyandu) centers. Digital weighing devices and
stadiometers were used to obtain accurate measurements.
The measurements align with WHO standards for assessing
children’s growth and nutritional status.l'”? Data on weight
and height were collected during a single measurement
session at various Posyandu centers in South Sulawesi
province in 2022. Posyandu centers in Indonesia are
local health facilities that offer maternal and child health
services. Reporting to the main center occurs every six
months. The analysis included data from 698 children aged
0-60 months, with 369 boys and 329 girls, considering
their age (months), weight (kg), and height (cm). The
sample consisted of all children who attended routine
weighing sessions at Posyandu centers in the research area
of South Sulawesi Province.

We developed a nonparametric regression model with
two responses and only one predictor. The first response,
second response, and predictor are represented by
the child’s weight, child’s height, and age factor. The
analysis is conducted separately for each gender. The
growth of both weight and height in boys and girls is
analyzed based on the child’s age interval in months. It
can be shown through nonparametric regression with a
penalized spline that considers knot points and smoothing
parameters. Knots are points where changes occur, while
smoothing parameters are values that play a role in

obtaining a smoother regression curve and are denoted
by A.

The data on child growth were analyzed by segmenting
the child’s age into 5 intervals, 0-12, 13-24, 25-36,
3748, and 49-60. These intervals correspond to the
determination of knot points on the age factor, which are 4
knot points, 12, 24, 36, and 48. Each knot point will have
a regression coefficient indicating the changes that occur
in each segmentation. In this study, there are 5 regression
parameters estimated, namely /3, as the regression coefficient
when the child reaches the age of 12 months, f, for 12 to
24 months, S, for 24 to 36 months, f, for 36 to 48 months,
and B, when the child reaches the age of over 48 months.
These smoothing parameters work together with knot points
to create an optimal model based on the minimum value of
the generalized cross validation (GCV) value.'"® The data
analysis is conducted using the open-source R software.

Ethical considerations

The ethical approval for this research was obtained
through a letter of introduction with reference number
8296/UN4.11/HM.01.01/02/2022. With the official decree,
the research team was granted permission to access and
retrieve data from the Posyandu.

Results

The data analyzed in this study pertains to the growth of
children based on their sex. Weight and height were two
key factors monitored to assess the nutritional status of
children under five years of age. The average weight and
height measurements at the ages of 12, 24, 36, 48, and
60 months for a total of 698 children, comprising 369
boys and 329 girls, are displayed in Figure 1. The boxplots
illustrate the distribution of the child’s weight and height
data, while the growth values standardized the WHO are
depicted by black lines. Variations in the growth of boys
and girls within each age group are evident, highlighting
the importance of analyzing. The growth and development
of children based on their sex. This approach, adopted by
WHO and numerous researchers, enables a more nuanced
examination of child development.['”!

The plot in Figure 2 displayed the growth of children
aged 0—60 months, with varying data distribution for each
sex. To analyze this data, a nonparametric bi-response
regression approach was utilized, employing a penalized
spline estimator with 4-knot points positioned at points
12, 24, 36, and 48 months, along with the appropriate
smoothing parameters. The objective of this analysis was
to detect any changes in patterns that occurred at each age
interval in the growth trajectories.

Furthermore, the optimal smoothing parameters determined
through the penalty spline estimation criteria were obtained
through an iterative process. The estimation results for
each specific smoothing parameter value yielded different
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Figure 2: Regression curves on several smoothing parameters for estimating growth in weight (a) boys, (b) girls, and height (c) boys, (d) girls

Iranian Journal of Nursing and Midwifery Research | Volume 29 | Issue 5 | September-October 2024 551



PISTGHICA+ZY8eAAdAVO/FIAEIDYIASALLIAIPOOAEIEAHION/ADAU

MV TXOMADUOINXYOHISABZIUTO+RrNIOITWNOTZTABNHARSHAQUE AQ Jwul/wod mm|sfeulnoly/:dny woly papeojumoq

¥20¢/ST/60 Uo

Islamiyati, et al.: Detecting age prone to growth retardation in children

regression curves as depicted in Figure 2. The minimum
GCV value for the smoothing parameter was indicated by
the yellow regression curve shown in Figure 2 (a)-(d). The
smoothing parameter value for the weight growth model
was the same for boys and girls at 0.02. Furthermore, for
the height growth model, the smoothing parameter was
0.005 for boys and 0.004 for girls. These outcomes suggest
that the yellow regression curve is the optimal choice for
analyzing the growth of children aged 0-5 years.

Figure 3 displays the regression curve that was obtained
by fitting the nonparametric bi-response regression model
using the penalized spline estimator. The curve was

determined based on the optimal smoothing parameter
that minimized the GCV value. The regression coefficient
values in Table 1 for children’s weight growth, and Table 2
for children’s height growth provide key information on
how age impacts these growth parameters in children.
Because of the analysis and the regression curve in
Figure 3(a), weight growth in boys shows a noticeable
slowdown as age reaches around 2 years. After this point,
there is an increase in growth, but it does not align with
the standard size of normal weight for a child of that age.
The estimated increase in weight and height as shown in
Table 1 provides important insights into the growth patterns
of children based on the model. According to the estimate,

Table 1: Estimation of the regression coefficient of the growth model of boys

Age Weight of boys Height of boys
(month) Normal Weight Coefficient (8, - f. ) for 1=0.02 Normal Height Coefficient (8, - f_, ) for A=0.005
0-12 9.60 — 12.20kg 9.67 71.00 — 80.50 cm 77.38
13-24 12.20 - 14.30 kg 10.00 81.70 —93.90 cm 77.73
25-36 14.30-16.30 kg 12.01 88.70 — 103.50 cm 85.86
37-48 16.30 - 18.30 kg 14.40 94.90 — 111.70 cm 94.51
49-60 18.30 —24.20 kg 11.86 100.70 — 119.20 cm 76.04
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Figure 3: Estimation of growth curves for (a) boy’s weight, (b) boy’s height, (c) girl’s weight, and (d) girl’s height using a penalized spline bi-response

regression model

562

Iranian Journal of Nursing and Midwifery Research | Volume 29 | Issue 5 | September-October 2024



¥20¢/ST/60 Uo

PISTGHICA+ZY8eAAdAVO/FIAEIDYIASALLIAIPOOAEIEAHION/ADAU

MY TXOMADYOIAXZOHISABZIYTCN+eyNIOITWNOTZTARY HIRSHAQUE Ag Jwul/wod mm| sfeulnol:diy woy pspeojumoq

Islamiyati, et al.: Detecting age prone to growth retardation in children

Table 2: Estimation of the regression coefficient of the growth model of girls

Age Weight of girls Height of girls

(month) Normal Weight Coefficient (8, - f. ) for 1=0.02 Normal height Coefficient (8, - B, ) for A=0.004
0-12 8.90 - 11.50 kg 9.23 68.90 — 79.20 cm 76.21

13-24 11.50 - 13.90 kg 11.60 80.00 —92.90 cm 80.19

25-36 13.90 - 16.10 kg 12.12 87.40 - 101.70 cm 81.16

37-48 16.10 — 18.20 kg 13.10 94.10 - 111.30 cm 92.20

49-60 18.20 — 24.00 kg 12.19 99.90 — 118.90 cm 76.91

the weight of boys up to 1 year of age remains within
normal limits, approximately around 9.67 kg compared to
the normal standard of 9.60 kg. However, as boys reach the
age of 2 years, their weight increases very slowly, reaching
10 kg, which is below the normal range of 12.20-14.30 kg.
The estimated values of the penalized spline bi-response
regression parameters for boys’ height correspond to the
height growth curve depicted in Figure 3(b). The analysis
shows that boys experience rapid growth in height by the
age of 1 year, reaching approximately 77.38 cm. However,
this growth appears to slow down by the age of 2 years,
with an estimated height of about 77.73 cm, falling below
the normal standard range for a healthy child (81.70—
93.90 cm). This suggests that the increase in height at this
age is only about 0.35 compared to the previous year’s
height. Overall, the findings indicate a deceleration in
growth for both weight and height at around 2 years of age.

The weight growth curve for girls shown in Figure 3(c)
shows that up to the age of 2 years, the weight of girls
remains within the normal range based on the estimated
values of the penalized spline regression coefficients in
Table 2. However, there is a noticeable slowdown in
weight growth once girls reach the age of 3 years, with a
body weight of 12.12 kg falling below the normal standard
of 13.90-16.10 kg. This suggests that the weight growth
of girls starts to decelerate around the age of 3 years,
indicating a potential vulnerability or slowdown in growth
during this period. In Figure 3(d), girls exhibit a more
stable height compared to boys, as indicated by the shape
of the growth curves. The estimated height growth values
in Table 2 show that from the age of 1 to 2 years, the
height of girls remains within normal limits. However, a
notable decrease in growth rate is observed as girls reach
the age of 3 years, with a height of 81.16 cm falling below
the normal range of 87.40-101.70 cm. The increase in
height at this age is minimal, only about 1 cm compared
to the previous age. These findings suggest that the age
of 3 years may be a critical period for girls in terms of
experiencing delays in weight and height growth.

Discussion

The analysis of children growth aged 0-60 months
(05 years) in South Sulawesi Province, Indonesia, using
a nonparametric bi-response regression model with a
penalized spline estimator has provided valuable insights
into the growth patterns of boys and girls over time. The

data collected, measuring weight and height monthly,
revealed that both boys and girls show an increase in
weight and height with age. However, distinct differences
were observed in the growth patterns between boys and
girls. The growth of girls from 0 to 5 years was found to be
more stable compared to boys, as indicated by the results
of the estimated growth curve showing a gentler slope for
boys as opposed to girls. These findings are consistent
with previous studies that have reported differences in
growth patterns between boys and girls, with boys being
more likely to experience malnutrition compared to girls,
particularly before the age of 5 years.[®!”]

The analysis of children aged 0 to 5 years has highlighted
age ranges that are prone to slower growth in weight and
height. In boys, the vulnerable age for growth concerns
was identified as 2 years old, while in girls, this age was
observed to be 3 years. This suggests that boys may be
more likely to experience growth issues compared to
girls, despite having higher average weight and height
during the first year of life. The condition appears to be
consistent across various regions. Consequently, they are
more susceptible to conditions such as malnutrition,?”
stunting,?"! and other growth problems. In a study
conducted in rural Ellisra, South Africa, girls grow faster
in height than boys.?2 In the South Asian region,
malnutrition is commonly found in boys under 5 years old
is also common in boys.[ Despite boys typically being
larger at birth and during infancy, they are more prone
to infectious diseases and have weaker immune systems
than girls.”®! The results of this study suggest that growth
patterns for boys in Indonesia align with those observed
in other countries, indicating that their growth tends to be
slower than that of girls. Therefore, parents should pay
particular attention to the growth of 2-year-old boys and
3-year-old girls to prevent any slowdown in growth. Early
detection and intervention in addressing growth issues in
children can significantly impact their long-term health
and development. This study only shows the age at which
children begin to experience slowed growth. For further
research, it is necessary to examine how social, economic,
and demographic factors influence the child’s growth and
development.

Conclusion

The results of this study indicate that growth slowdown in
boys, both in weight and height, commences at the age of
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2 years and 3 years for girls. Despite of boys having higher
weight and height at birth, their growth is not as rapid as
that of girls. Parents should remain attentive to their child’s
growth from birth until the age of 5 years. They should not
assume that a healthy body condition during the first year
of their child’s life ensures continual good growth. Future
research should focus on examining how local wisdom in
various regions, including social, cultural, and economic
aspects, can impact childcare practices.
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