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Abstract
Background: Long-term insufficient nutritional needs will directly impact on the development and
maturation of brain function. Disruption of development and maturation process in the brain is associated
with decreased cognitive abilities. Frequently, the effect of long-term nutritional insufficiency has also
height deficits called stunting.This study aimed to compare the short-term memory between stunted and
non-stunted groups.
Methods: A comparative study was conducted on 30 children in a non stunted group and 30 children in
a stunted group. Children in both groups were selected from one of the elementary schools in Jatinangor
using the simple random sampling method toward 3–5 for grade and 8–10 for age groups. The measurement
of memory aspects for short-term memory used the Digit Span Test (forward and backward) and Simbol
Modality Test.
Results: The collected data were in normal and not normal distribution because the statistical test used the
independent-t test and Mann-Whitney. The mean memory score comparison between group 1 and group 2
on Digit Span Test Forward was 5.33:5.33 (p=0.994), Digit Span test Backward was 2.73:2.60 (p=0.440), and
Symbol Modality Test was 20.90:19.60 (p=0.347).
Conclusions: There is no significant difference in short-term memory between stunted and non–
stunted groups, due to some confounding factors such as, environmental aspect, parent’s education level,
socioeconomic, and genetic factors.
Keywords: Cognitive development, short-term memory, stunted

Introduction
Malnutrition is a manifestation of insufficient
intake of nutrition. Malnutrition is a common
problem in developing countries even in the
world. Children with severe malnutrition
have more than an eight-fold greater risk of
mortality and also gives long-term effects on
cognitive and social development, physical
work capacity, productivity and economic
growth.1 Survivors of chilhood undernutrition
frequently have deficits in height and
weight that persist beyond adolescence into
adulthood.1 One of the manifestations of
chronic malnutrition is stunting. Stunting is
low height for age proportion and based on
growth chart is <-2SD.1 According to Riset
Kesehatan Dasar (RISKESDAS) in 2010, the

sites of the Ministry of Health in Indonesia
show that 35.6% of children under five are
stunted and it is still a major problem in
indonesia.2
Stunting is associated with reduction of
cognitive abilities in children. Long-term
insufficienct nutritional intake will directly
impact on the development and maturation
of brain function. Disruption of development
and maturation of the brain is associated with
decreasing in cognitive abilities.3 Decreasing
in cognitive abilities will impact on the
child’s learning process. Short-term memory
is important for the learning process and
formation of long-term memory.4
Therefore, the author is interested in
examining the comparison of cognitive aspects
especially for short-term memory between
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stunted and non- stunted groups in children
aged 8–10 years.

Methods

The method used in this study was
comparative study. This study was conducted
in September 2015 and was approved by the
Health Research Ethics Committee Faculty
of Medicine, Universitas Padjadjaran. All
participants were students from Karangmulya
elementary school in Jatinangor, Sumedang
district, West Java province, Indonesia. A total
of 103 students from grade 3-5 were selected
using the simple random sampling. The 103
students were then measured for their height.
Based on the height measurement result, the
total subjects obtained were 60 students.
Next, they were divided into two groups,
30 students for the normal group and 30
students for the stunted group. The eligible
participants ranged from 8 to 10 years of age,
and were free from the exclusion criteria, such
as children who had spinal abnormalities
(such as scoliosis, kyphosis, lordosis), and
children who slept less prior to the study;5
Children who consumed foods, beverages, and
medications that contained caffeine infortyeight hours prior to the study (such as: tea,
coffee, chocolate, energy drinks);6 Children
who were diagnosed with thyroid disease;7
Children who had experienced anxiety that
couldnot be appeased , and Children who were
diagnosed with impaired vision, hearing, and
extremely impaired motor function that could
interfere the measurement process. Prior
to the beginning of this study, parents were
invited to attend the meeting in which the
study procedures were explained thoroughly
and informed written consent was obtained.
Furthermore,anthropometric
measurements were performed to measure
height, and adjust weight based on the age of
the study subjects. Weight was recorded by
using stepped measuring to the nearest 0.1

kg on the weighing scale. Height was recorded
by using microtoise measuring to the nearest
0.1 cm. Anthropometric data were used to
calculate a height for-age Z-score (HAZ) by
using the World Health Organization (WHO)
growth reference data. Children with a HAZ <-2
SD from the reference median were classified
as stunted.
In order to assess short-term memory,
the Digit Span Test Forward, Backward Digit
Span Test, and Symbol Digit Modalities Test
were used. The tests are components of
the Wechsler memory scale (WMS) and the
Wechsler intelligence scale which focused
on working memory and selective attention.
Digit span forward is considered to measure
the atention aspect, Digit Span Backward
is considered to measure the working
memory/short-term memory. Span refers
to the ability in holding an adequate amount
of information in working memory. It refers
to how much information can be held after
a single presentation in correct serial order
also required the additional processing
components of mental manipulation numbers,
internal visual scanning, and/or visuospatial
processing.8
Numeric data were summarized from the
score of short-term memory test (Digit Span
Test Forward, Backward Digit Span Test, and
Symbol Digit Modalities Test) and categorical
data were from each group (group 1 for
normal and group 2 for stunted). Differences in
cognition scores across the stunted and normal
groups were compared by using Independent
sample t-tests for normal distribution data. The
Mann-Whitney test for not normal distribution
was α<0.05 which was considered statistically
significant. All analyses were performed by
using statistic software.

Results

Furthermore, the characteristics of both
groups showed, the Mean of Z-score for Non-

Table 1 Characteristics of Non-stunted/Normal group
Mean

Interval

Standard Deviation

Age

115 months

98–127 months

9

BMI

15.34

13–25

Weight
Height

Z score height for age

26.17

128.99
-1.17

20–40

4.549

(-1.98)–0.8

0.719

119–145.6

6.523
2.712
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Table 2 Characteristics of stunted group
Mean

Interval

Standard Deviation

Age

110 months

96–126 months

12

BMI

15.52

12.9–17.8

Weight

21.77

Height

Z score height for age

118.27
-2.54

stunted group was -1.17 and mean of Z-score
for stunted group was -2.54 (Table 1 and 2).
Moreover, results of the tests showed the
mean memory score comparison between
group 1 and group 2 on Digit Span test Forward
(p=0.994), Digit Span test Backward (p=0.440),
and Symbol Modality Test (p=0.347) There
was no significant difference in short-term
memory scores by examination with the Digit
Span Test Forward, Backward and Symbol
Modality Test between the two groups (Figure
1).

Discussion

Measurement in this study refers to an
examination that focuses on attention of
examining the cognitive form. Attention is the
taking possession of the mind, in clear and
vivid form, of one out of what seem several

17–27

2.424

(-3.66)–(-2.02)

0.389

108–126.9

2.208

1.135

simultaneously possible objects or trains
thoughts.9 It implies withdrawal from some
things in order to deal effectively with others.9
Heightened attention also paves the way for
memory processes. Areas of the brain such
as the posterior parietal neuron, limbic area,
ascending reticular activating system (ARAS)
and prefrontal area have an important role for
these process.9 The Symbol Digit Modalities
Test performance is associated with increasing
of brain activity in frontal and parietal areas
involves in selective attention and working
memory functions.10 Attention is divided into
four categories such as focused attention,
selective attention, sustained attention,
switching or mental set shifting, and divided
attention. The three examinations in this
study included the examination of the type of
selective attention. Selective attention refers to
vigilance in monitoring information or ability

Figure 1 Comparison of Short-Term Memory between Stunted and Non Stunted Groups
*p –value >0.05 (No Significant Difference)
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to maintain a cognitive set in the presence of
background “noise” or distraction.9 This test
can be influenced by several factors such as
context, content and culture, and the linguistic
factor also contributes to the result of the test.
Therefore, this study was related to technical
errors so that it showed no significant result.
Cognitive development is influenced
by genectic, environment and nutrition in
general.1 Long-term nutritional insufficiency
can give impact on brain development
especially on the cognitive aspect. However,
the impact is not only on brain development
but also on height deficits which can cause
stunting. Therefore, stunting is associated
with decreasing of cognitive development.
The statement mentioned above is supported
by a previous study, which stated that
stunted children and children with chronic
malnutrition are associated with decreasing
of cognitive ability. Another previous study
also stated that stunted children and children
with chronic malnutrition are associated
with decreasing of cognitive ability based
on short-term memory test, retrieval ability,
verbal fluency, selective attention, visuospatial
abilities, verbal learning and memory.3,11,12
Another study stated about the effect
of undernutrion to cognitive ability using
Intelligence Quotient (IQ). The result showed
that undernourished children have low
cognitive ability especially for the attention
aspect, executive function, calculation, visuoperceptual ability, long term learning, and
memory and intelligence.13 These statements
supported the hypothesis of this study.
Furthermore, the result of this study was
different from another study. This study result
showed, stunted children and non-stunted
children did not have a signifficant difference
on cognitive ability especially for short-term
memory. This difference could be due to other
factors that could influence this result. Factors
like mental ability from parents, education
of parents, socioeconomic and environment
can affect the cognitive development and
nutritional status of children.14–17 There
also will be a risk factor for occurence of
malnutrition in children. These factors could
possibly be non significant for the result, due
to the characteristic of most subjects were
low level of education and elementary and
junior high school graduates, who live in rural
areas. Moreover, the genetic factor also can
contribute to the cognitive development and
languange ability of someone.18–20 Generally,
these factors will affect a child’s growth and
development process. However, it depends on

the different stimulation and response which
can affect a child’s growth and development
process.
Based on the statements above, the author
has found facts which differ from the existing
theories that there is no difference in shortterm memory between stunted children and
non-stunted children. Nevertheless, there
are many factors which can influence the
cognitive and nutrional status of children
such as, culture, mental ability of parents,
child guidance, genetic variation, and past
nutritional status (birth weight). In this study
the environment al factor is not considered.
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