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Abstract

Background and Objective: Routine height measurement for school children has been conducted for 110 years. However, the
validity of height measurement tools are questionable and have resulted in varying practices and data of stunting prevalence.
This study aimed to assess the sensitivity of the wall growth chart for use as a nutrition screening tool in kindergarten schools.
Materials and Methods: This study was a cross-sectional study. A total sample of 180 pre-schoolers were involved and recruited from
eight kindergarten schools in Deli Serdang district. Each child was measured using a wall growth chart and the gold standard. A validity
test was conducted to determine six validity indices; sensitivity, specificity, positive predictive value, negative predictive value, false
negative and true positive. Results: The height measurements from the wall growth chart and the gold standard were quite similar. The
validity indices showed that the wall growth chart had strong sensitivity and specificity, at 91.0 and 92.0%, respectively. The prevalence
of stunting detected by both tools ( 21.7 vs 19.4%) was not significantly different (p<0.00). Conclusion: Wall growth charts demonstrate
high validity and reliability for use as a nutrition screening tool. In future use, this tool has an ability of at least 81.5% to correctly detect
stunted and normal children. The use of this tool may assist the Indonesia Education Act to conduct growth monitoring and properly
prevent stunting in school children.
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INTRODUCTION

Historically, routine height measurement for school
children began 110years ago, when the Education Act of 1907
introduced periodic child nutritional inspection in schools to
address the concern of poor nutrition'. Several countries have
conducted a single height measurement around the age of
5 years since 1988%%, while Indonesia has conducted routine
height measurements at primary school entry since 1987. The
target was to find the prevalence of stunted children at
approximately 6-7 years old®.

The current move towards school health carein Indonesia
indicates a need for an effective and simple nutrition
screening tool that can be used by all levels, particularly at
school health facilities.

Currently, the most commonly used height measurement
tools are microtoises, wooden rulers and tapes. Each type of
height-screening tool has resulted in variable practices and
data of stunting across regions”®. The validity of these tools are
questionable because the accuracy and experience of a given
measures are not considered. The criterion-related validity of
a screening tool is determined by evaluating sensitivity,
specificity and positive predictive value. Sensitivity is defined
as the tool’s ability to correctly identify the individuals at
nutritional risk and specificity is the tool’s ability to correctly
identify the individuals not at nutritional risk®.

Therefore, the sensitivity and specificity of the screening
tools should be carefully considered. According to Habicht',
in order to obtain high coverage and cost efficiency in
community nutrition intervention, a screening tool should
have high sensitivity and a high positive predictive value
(both >80.0%).

Various nutrition screening tools have been developed
but most have focused on hospital patients''%. However,
simple nutrition screening tools for height measurement of
healthy children are very limited.

An anthropometric growth chart to be used as a
screening tool for children aged 6-12 years old. However, it
has low sensitivity (66.0%) and low positive predictive value™.
In this study, the wall growth chart was developed to measure
the heights of pre-school aged 4-5 years old. It is expected to
be a simple and effective tool for height measurement in
kindergarten schools. In Indonesia, the number of
kindergarten schools has increased significantly in the last
5years. In 2014, there were 75,000 kindergarten schools with
five million pupils aged 3-6 years old. Considering that growth
monitoring is a compulsory programme at kindergarten
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schools'é, a simple and valid screening tool is highly expected.
This study aimed to determine the sensitivity and specificity of
the wall growth chart.

MATERIALS AND METHODS

Location of study: This study was a cross-sectional validation
study involving 180 pre-school children aged 4-5 years old
who were recruited from eight kindergarten schools. The
schools were located in peri-urban areas of Deli Serdang
District in North Sumatera Province. Deli Serdang is one of the
largest areas among 33 districts in North Sumatera Province,
with a total population of 2,029,380".

Eight kindergarten schools were selected according
to the following criterias: The ratio of teachers to students
was 1-10, the learning room was permanent, a school
health programme was in place and a complete school
administration was in place. The study was conducted during
May-September, 2017.

Sample calculation: The sample size was calculated using the
following formula'®:

e Z, . xPx(1-P)

dZ
where, p was assumed to have an expected sensitivity of 85%
and d = Standard error 6%:

| _ 164’ x0.85x (1-0.85)
0.06?

., n
n=16,then n’was calculated by the formula n" = B ,whereP1
was the prevalence of stunting, which was 37.2%:

, 61
n=———
0.3720

n’ =164. About 10% was added for drop-out possibility,
yielding a total sample size of 180 subjects. Flow chart of study
is shown in Fig. 1.

Developing wall growth chart: The idea of creating a wall
growth chart emerged when reseachers found a variation in
practices of height measurement and varying data of
stunting prevalence across districts in North Sumatera
Province. The wall growth chart is a modified chart based on
anthropometric reference data on height-for-age compiled
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Fig. 1: Flow chart of study

by WHO-2005", It is made from a thick plastic material with
the size 150X 200 cm. The horizontal lines show the height
(0-130cm) and 13 vertical lines show the child’s age in months
(48-60 months).

The range between the horizontal lines is 0.5 cm and the
accuracy of the wall growth chartis 5.0 mm, i.e., 91.5,92.0 and
92.5 cm, while the gold standard as 1.0 mm.

There are four different colours on the growth chart;
red, yellow, light green and dark green. These different
colours present the height status. If the top of the child’s head
lies on the red tape, then the child is severely stunted in
growth. In addition, the yellow tape means stunting, the light
green tape means normal and the dark green tape means the
child is tall.

Gold standard measurement: The gold standard
measurement was made from a wooden board with a size of
200X 35 cm. Two metal tapes were attached on the left and
right side, with a microtoise in between. The accuracy of gold
standard is 0.1 cm.i.e.,, 91.1,91.2 0r 91.3 cm.
Enumerator training: Ten enumerators were recruited
from an academy of nutrition students. They were
trained for 2 days to understand how to use the wall growth
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Fig. 3: Collective measurement

chart, length board and WHO height standard. The training
sessions consisted  of five topics: (1) Height-for-age
standard, WHO-2005, (2) Wall growth chartand gold standard,
(3) Interpretation of measurements, (4) Interview using
guestionnaires and (5) Validity test.

Wall growth chart calibration: Prior to using the
wall growth chart to measure the child’s height, the tool
was first calibrated by using a 200 cm metal tape. The
chart was attached straight and firmly on the wall. Then,
a measurement was taken from bottom up to the
top, starting from 0 cm at the bottom and 150 ¢m at the
top.

Taking measurement: Two enumerators were responsible for
each measurement. One focused on the child’s age and
positioned the child, while the other took the measurement
and recorded the result. Each subject was measured twice
using the wall growth chart and the gold standard. The
measurements were taken individually and collectively
(Fig. 2 and 3).
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Data collection and processing: The child’s height (cm) was
measured using both the wall growth chart and the gold
standard. Mean, median, minimum and maximum heights
were calculated using SPSS version 17.0. Data were presented
in a frequency distribution table.

Sensitivity, specificity and 4 otherindices were calculated
per validation method. The prevalence of stunting based on
the two measurements was also tested. The results were
recorded and entered into a 2 X2 table.

RESULTS

The difference of measurement between the gold
standard and the wall growth chart ranged from 0.0£1.0 cm.
As seen in Table 1, 180 measurements taken by the two
measurement tools, 58 (32.2%) measurements presented
similar results and the remaining measurements (67.8%) were
not similar, ranging from 0.1 to =1.0 cm.

Table 2 shows the validity indices based on height status.
Itindicated thatfrom 190 children, 35 and 32 stunted children
detected by the gold standard and wall growth chart,
respectively. The validity test showed that the wall growth
chart had high sensitivity at 91.0% and specificity of 92.0%,
while the overall predictive value was 90.0%.

Table 3 reveals that the prevalence of stunted children
detected by the wall growth chart was higher compared to
the gold standard (21.7 vs 19.4%). However, it was not

modified growth chart is expected to be used as a simple
nutrition screening tool in schools. The idea of creating this
wall growth chart was not only due to concerns of validity of
other tests but also to fulfil the suggestions of the World
Health Organization (WHO). The WHO recommended a simple,
informative and understandable child growth chart that can
be easily interpreted??'. Furthermore, an increasing number
of developing countries are currently concerned of child
height measurement?*.

The present study revealed that the wall growth chart has
high sensitivity (91.5%) and specificity (92.0%). This means
that the wall growth chart has the ability to correctly identify
children who are stunted and normal. Furthermore, the
overall predictive value was 81.5%, which shows thatin future
use, this tool has an ability of atleast 81.5% in correctly
detecting stunted and normal children. The values of mean,
minimum, maximum and stunting  prevalence are
presented in Table 2 and 3, which confirmed that the wall
growth chart has high validity. Therefore, the wall growth
chart meets the criteria of Habicht'®and Gibson??, who sought
to access more stunted children and to create a cost-effective
community nutrition intervention. The screening tool used
demonstrated high sensitivity and high positive predictive
value.

Table 1: Difference of measurement between gold standard and wall growth

chart
significantly different (p<0.05). Delta (cm) n %
-06t0-1.0 1 6.1
0.0-0.0 58 322
0.1-0.5 35 19.4
The aim of the present study was to determine the  06-1.0 6 33
sensitivity and specificity of the wall growth chart. This ~ Total 180 1000
Table 2: Validity indices based on height status
Gold standard
Wall growth chart Stunting Normal Se Sp PPV NPV FP FN
Stunting 32 7 0.91 0.92 0.82 0.98 0.09 0.18
Normal 3 138
Se: Sensitivity, Sp: Specificity, PPV: Positive predictive value, NPV: Negative predictive value, FP: False positive, FN: False negative
Table 3: Prevalence of stunting based on measurement tools
Types of tool
Growth chart Gold standard
Nutrition status n % n % p-value
Stunting 39 217 35 19.4 0.00
Normal 141 78.3 145 80.6
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Although there are various nutrition screening tools that
have been developed due to concerns over the accuracy of
the tools, the targets were mostly elderly and adult patientsin
hospitals' 4.

Compared to Sudja’s™ anthropometric growth chart, in
which the sensitivity was 66.0% and predictive value was
82.0%, present study chart is more reliable for use as a
screening tool for children in school. This is because Sudja’s
growth chart was designed for children aged 6-12 years
old, while ours focused on children aged 48-60 months.

For the Indonesia Education Act, the use of this simple
growth chart in schools is highly expected because in 2014,
the number of kindergarten schools reached 75,000. There
were 5 million students, of whom 80.0% (3.5 million) were
aged 4-5 years old, which renders child growth monitoring as
a compulsory program?, The Ministry of Health should highly
consider the use of this new and simple tool, since the
prevalence of stunting was stagnant at 36.7 and 37.2% since
2013-20157%,

The study has certain limitations. It had a small sample
size and was a comparison study. This was because of the
various nutrition screening tools that had been published,
were mostly concerned with adult and elderly patients in
hospitals.

CONCLUSION AND FUTURE RECOMMENDATIONS

It is concluded that it is observed that the wall growth
chart has high validity and is simpler compared to another
height measurement that was used in schools. Therefore, this
new growth chartis highly recommended to be used at school
facilities and community health posts.

SIGNIFICANCE STATEMENT

The current WHO growth chart had been widely used,
however, its function was only to monitor growth. It cannot be
used to detect stunting in children and needs to expand its
function with creation of a communicative and simple
screening anthropometric tool. This study will help
community health workers and kindergarten teachers to
monitor child growth.
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