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ABSTRACT

Background: Micronutrient deficiency in
school children is estimated at more than 2
million children. Deficiency of micronutrients
causes damage to the physical functioning of
children, impaired cognitive function, learning
processes that are less than optimal, and poor
academic performance. This study aimed to
analyze the relationships between iodine, iron,
zinc intake, and math achievement primary
school children.

Subjects and Method: This was an obser-
vational analytic study with a cross sectional
design. The study was conducted in four elemen-
tary schools in Pakis, Magelang, Central Java,
from March to April 2019. A sample of 177 stu-
dents was selected by simple random sampling.
The dependent variable was math achievement.
The independent variables were iodine, iron, and
zinc intakes. The data were collected by question-
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naire and analyzed by a multiple linear regress-
ion.

Results: Iodine intake (b= 0.02; 95% CI= 0.01
to 0.03; p= 0.001) and zinc intake (b= 0.23; 95%
CI= 0.04 to 0.41; p= 0.017), and iron intake (b=
0.08; 95% CI=-0.0110 0.17; p= 0.052) increased
math achievement in primary school children.
Conclusion: Iodine intake, zinc intake, and iron
intake increase math achievement in primary
school children.
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BACKGROUND

Micronutrient deficiencies occur in school
children with a percentage of more than 2
million children worldwide (Wang et al.,
2017). Deficiencies in micronutrients cause
damage to physical functioning of children,
impaired cognitive function, learning pro-
cesses that are less than optimal, and poor
academic performance (Eilander et al.,
2010). Balanced nutrition is very important
for school children because school age is a
period of physical growth and development,
changes and adjustments to school activities,
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as well as for cognitive function (Kim and
Kang, 2017). Adequate nutritional intake is
beneficial for healthy brain function, learning
processes and academic abilities (Ford et al.,
2018). Optimal brain function is one of the
requirements for efficient academic ability
and having a more organized behavior to be
able to take lessons in school (Bryan et al.,
2004).

Perfect brain development occurs at the
age of 7 years and the development of
cognitive function can be increased until the
age of 15 years with adequate iodine intake
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(Murcia et al., 2018). For school-age child-
ren, this period is the stage where motor and
physical abilities develop, children begin to
be aware of themselves and the world around
and try to achieve independence, social adap-
tation, development and learning progress
(Stiles and Jernigan, 2010). Cognitive disor-
ders can interfere with orientation, language,
motor function, memory, attention, and psy-
chomotor speed (Pratiwi et al., 2019).

Iodine Deficiency Disorders (IDD) is
one of the micronutrient issues of concern to
WHO. Iodine deficiency occurs in 130
countries in the world and iodine deficiency
in school children is estimated to reach 25%
(Carvalho et al., 2018). Iodine deficiency can
cause central nervous system development
and brain damage, psychomotor disorders
and Intelligent Quotient (IQ) deficits (Purna-
masari et al., 2015).

Iodine deficiency is a common cause of
brain damage in childhood that can be
prevented if appropriate steps are taken early
(Chen et al., 2017). Low iodine intake in the
long run will have an IQ deficit of 50 points
and infants born in endemic areas of IDD
risk an IQ deficit of 13.5 points (Bougma et
al., 2013). World Health Organization
(WHO) recommends an optimal iodine
intake for children aged 6-12 years is 120 pug
per day to prevent iodine deficiency and
thyroid dysfunction (Koukkou et al., 2017).

Studies suggest that other micronu-
trient deficiencies such as iron adversely
affect the learning process at school, and low
iron intake is correlated with low math scores
in female students (Fiorentino et al., 2018).
Other studies have shown that increasing
iron intake through food fortification can
improve school academic performance
(Soleimani and Abbaszadeh, 2011).

Low iron intake affects motor deve-
lopment in the early stages of life and dis-
rupts cognitive function in childhood due to
iron deficiency altering morphological, neu-
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rochemical, and interactive bioenergy proces-
ses such as oligodendrocyte wrapper for mye-
lination, monoamine synthesis in the stri-
atum that affects dopamine metabolism, and
neuronal and glial energy metabolism in the
hippocampus (Walker et al., 2007). Studies
shows that children who have adequate iron
intake have better language skills and show
that iron affects perceptual and visual abili-
ties (Allen et al., 2017).

Cognitive function and academic ability
of school children are also influenced by
other micronutrients, namely adequate zinc
intake. Zinc is the second messenger in the
body's immune cells and the free zinc levels
in intracellular function in the activation of
nerve signals (Wilsonet al., 2012). Adequate
zinc intake can also increase body immunity
so that children do not easily experience diar-
rhea (Hirano et al., 2008). Diarrhea at the
age of school children can affect the develop-
ment, growth and education of children be-
cause it can occur several times (Kartikaet al.,
2019). Diarrhea also increases the incidence
of other micronutrient deficiencies in child-
ren (Zicofet al., 2018).

Zinc deficiency can inhibit development
through damage of more than 200 enzymes
related to Ribonucleic acid (RNA) and
Deoxyribonucleic acid (DNA) synthesis,
regulation of N-methyl-D-aspartate (NMDA)
receptors in the hippocampus, and several
functions of brain mechanisms and struct-
ures (Benton, 2010). Previous studies report-
ed that adequate zinc intake can improve
cognitive function in children aged 6-9 years
(Hesset al.,, 2009). Combination of zinc
intake with other adequate micronutrients
has a better effect than just zinc intake which
is adequate (Prasad, 2013).

A cross-sectional study states that
children with low focus and concentration
experience zinc deficiency (Arnold and Disil-
vestro, 2005). The main factor contributing
to zinc deficiency is the high intake of phy-

183



Arika et al./Micro Nutrients Intake and Math Achievement in Primary School

tate-containing proteins especially in dev-
eloping countries (Prasad, 2013).

Magelang Regency has a high altitude
geographical condition that allows the area to
be at risk of lack of iron, iodine and zinc
intake because it is an endemic area of IDD
that causes a lack of mineral reserves in the
soil and difficult to obtain marine products
(BPS, 2018b). One of the districts located
high above sea level is Pakis District with a
height of 841 meters above sea level (BPS,
2018a). This shows that public awareness
about the importance of iodine in the pre-
vention of IDD is still lacking. Based on this,
this study was conducted to look at the intake
of micronutrients in school children and their
relationship with learning achievement.

SUBJECTS AND METHOD

1. Study Design

This study was an analytic observation study
with a cross sectional design. The study was
conducted in Pakis, Magelang, Central Java,
from March 20 to April 11, 2019.

2. Population and Sample

The source population in this study is
children aged 6-12 years who are elementary
school students’ grades 1-6 in Pakis District,
Magelang. The target population in this study
is children aged 6-12 years elementary school
students’ grades 1-6. Sample inclusion cri-
teria in this study was to stay at the study site
for at least 6 months and the exclusion cri-
teria were children not attending school,
seafood allergies, suffering from infectious
diseases and getting extra tutoring outside of
school subjects. A sample of 177 subjects was
obtained through simple random sampling.
3. Study Variables

The dependent variable was math achieve-
ment. The independent variables were iodine,
iron, and zinc intake.

4. Operational Definition of Variables
Micronutrient intake in this study was iodine
intake, iron intake, zinc intake and vitamin A
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intake. Assessment of micronutrient intake
was carried out by nutritionist enumerators.
The instrument used was a 24-hour form
food recall and interpreted with the applicat-
ion Nutrisurvey 2007. Population intake
levels were said to be adequate if micronutri-
ent intake was > 77 percent of the RDA and
said to be inadequate if the level of micro-
nutrient intake was <77 percent of RDA. The
measurement scale used is continuous data.
Iodine intake

Iodine intake is the amount of iodine intake
consumed in a day (24 hours) that is absorb-
ed from food sources of iodine. The need for
iodine intake for primary school children
aged 6-12 years based on the 2013 nutritional
adequacy ratio (NAR) is 120 ug.

Iron intake

Iron intake is the amount of iron intake con-
sumed in a day (24 hours) absorbed from
food sources of iron. The need for iron intake
of primary school children based on the 2013
RDA is 9 mg (age 6 years), 10 mg (ages 7-9
years), 13 mg (ages 10-12 years, boys) and 20
mg (ages 10-12) year, female).

Zinc intake

Zinc intake is the amount of zinc intake
consumed in a day (24 hours) that is absorb-
ed from the food source of zinc. The need for
zinc intake of primary school children based
on the 2013 NAR is 5 mg (age 6 years), 11 mg
(ages 7-9 years), 14 mg (ages 10-12 years,
man) and 13 mg (ages 10-12 years, woman).
Academic ability is the result of learning as
measured by the value of the midterm exam
in Semester IT in mathematics. Collection of
exam scores is obtained from secondary data
from homeroom teachers. The measurement
scale used is continuous data.

5. Study Instruments

Micronutrient intake data was obtained using
a 3x24 hour food recall form. Academic
ability is obtained by collecting midterm
exam grades in mathematics with a form that
contains the names of students in grades 1-6
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elementary school and the value of these
subjects.

6. Data Analysis

Univariate analysis was performed to deter-
mine the frequency distribution of subject
characteristics. Bivariate analysis was per-
formed to determine the relationship betwe-
en academic ability with the independent
variables iodine intake, iron intake and zinc
intake using the Pearson correlation. Multi-
variate analysis was performed using linear
regression.

7. Research Ethics

Research ethics was conducted for this study,

including informed consent, anonymity, and
confidentiality. Research ethics was obtained
from research ethics committee in Faculty of
Medicine, Universitas Sebelas Maret, Sura-
karta, Central Java, with number 440/UN-
27.06/KEPK/2019.

RESULTS

1. Univariate analysis

Univariate analysis was performed to explain
the frequency distribution of the characte-
ristics of study subjects. The results of the
analysis can be seen in Table 1.

Table 1. Univariate analysis (continuous data)

Variables n Mean SD Min. Max.
Age (year) 177 9.14 1.78 6 12
Iodine intake (ug) 177 134.50 105.32 12.7 427.56
Iron intake (mg) 177 11.46 13.72 4.70 183
Zinc intake (mg) 177 8.60 6.43 2.60 88.90
Math score 177 63.85 0.63 34 98

Table 1 shows univariate results in which the
study subjects had an average age of 9 years
with the youngest age being 6 years and the
oldest was 12 years. The subject iodine intake
variable had a mean of 134.50 pg per day
with the lowest intake being 12.7 ug per day
and the highest intake was 427.56 ug per day.

Subject iron intake had a mean of 11.46
mg per day with the lowest intake being 4.70
mg per day and the highest intake was 183
mg per day. The subjects' zinc intake had a

mean 8.60 mg per day with the lowest intake
being 2.60 mg per day and the highest intake
was 88.90 mg per day. Subject's academic
ability of the average mathematical value is
63.85 with the lowest mathematical value is
34 and the highest value is 98.

2. The result of bivariate analysis
Table 2 shows the relationship between
iodine intake, iron intake and zinc intake of
primary school children with the results of
mathematical scores.

Table 2. Correlations between iodine intake, iron intake, zinc intake, iron intake,

and math achievement

Independent Variable

Correlation coefficient (r) P

Iodine intake
Iron intake
Zinc intake

0.001
0.031
0.020

Table 2 shows that iodine intake (r= 0.25; p=
0.001), iron intake (r= 0.16; p= 0.031) and
zinc intake (r= 0.17; p= 0.020) school child-
ren are positively related to the results of
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mathematics scores and are statistically
significant.

3. The result of multilevel analysis
Multivariate analysis was performed using
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the linear regression method. Multivariate
explains the relationship of independent vari-
ables (iodine intake, iron intake, and zinc

intake) with the dependent variable is the
mathematical value.

Table 3 Analysis of multiple linear regression on the relationships between iodine
intake, iron intake, zinc intake, and math achievement

. (95 %) CI
Independent Variable b Lower Limit _ Upper Limit P
Iodine intake 0.02 0.01 0.03 0.001
Iron intake 0.08 -0.01 0.17 0.052
Zinc intake 0.23 0.04 0.41 0.017

n observation = 177
R squared = 17.5%
p = <0.001

The analysis results in Table 3 show that
there is a statistically significant relationship
between iodine intake and zinc intake with
mathematical values. The analysis showed
that there was a positive relationship bet-
ween iodine intake (b= 0.02; 95% CI 0.01 to
0.03; p= 0.001) and zinc intake (b= 0.23;
95% CI= 0.04 to 0.41; p = 0.017) and
academic ability of school children in count-
ing. Iodine intake and zinc intake have very
weak strengths in increasing the math scores
of elementary school children. R squared
values indicate the contribution of iodine
intake and 17.5% vitamin A intake with a
mathematical value and another 82.5% ob-
tained by other factors outside the indepen-
dent variable.

DISCUSSION

1. The relationship between iodine
intake and math achievement in
primary school children

Iodine is a micronutrient needed by the body

to synthesize thyroid hormone and is

essential for growth especially for neurolo-

gical development (Andersson et al., 2012).

Almost all food sources have very low or
even iodine content, but the best sources of
iodine are seafood and animal dairy products

(Campbell et al., 2012). Inadequate intake of

iodine chronically can reduce a number of
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cognitive abilities and decrease intelligence
(Bath et al., 2013). Moderate levels of iodine
deficiency can also cause growth disorders
(Beckford et al., 2017).

In some individuals who have a history
or are experiencing thyroid disorders, even a
slight increase in iodine intake can trigger
thyroid disorders (Emder and Jack, 2011).
Daily iodine intake should not exceed 500
ug/day, especially in countries that have a
history of iodine deficiency (Gordon et al.,
2009) and according to the 2013 AKG the
adequate daily iodine intake of Indonesian
primary school children is 120 pg/day (Mini-
stry of Health, 2013). However, the impact of
preventing iodine deficiency is prioritized
because it can prevent the occurrence of poor
cognitive decline compared to the effects of
excess iodine intake (Campbell et al., 2012).
Globally, efforts to reduce iodine deficiency
in vulnerable populations such as school
children and pregnant women are a public
health problem that is still being faced.

The results of this study indicate that
there is a relationship between iodine intake
with the academic ability of elementary
school children. This academic ability can be
seen from several indicators and one of them
is the result of midterm exam grades for
elementary school children. Elementary
school children who have adequate iodine
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intake can increase 18.9 units of math grade

(b= 0.02; 95% CI= 0.01 to 0.02; p= 0.013).

This is in line with a study by Wolka et
al. (2014) shows that school children who do
not have iodine deficiency have better aca-
demic abilities compared to those who are
deficient despite taking into parental edu-
cation and also school attendance. School
children who are given iodine capsule supple-
mentation also have better mental perform-
ance for their school academics (Faught et al.,
2017).

The mean iodine intake of primary
school children in this study was 134.50 ug/
day with the lowest intake being 12.7 ug/ day
and the highest intake was 427.56 ug/ day.
When compared with the needs of the 2013
NAR, the intake level is adequate. A study by
Andersson et al. (2019) showed that the ten-
dency of primary school children iodine in-
take from year to year in Switzerland has
increased to be adequate with the efforts of
iodine supplementation in household salt,
but in pregnant women still experience low
iodine intake.

A study by Prangthip et al. (2019) reported
that school children who consumed a balanc-
ed nutritional intake had better academic
performance in terms of examinations, atten-
dance of school attendance and were able to
do schoolwork better than children who con-
sume diets whose nutritional intake was not
balanced. This shows that the optimal and
balanced nutrition intake between macro and
micro especially iodine aimproved the acade-
mic achievement of school children.

2. The relationship between iron in-
take and math achievement in pri-
mary school children

In developing countries, there are many cases

of children suffering from malnutrition and

iron nutritional anemia as well as conditions
where micronutrient intake is lower than
recommended (Desai et al., 2015). Deficienc-
ies of some micronutrients such as iron neg-
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atively impact cognitive abilities and interfere
with children's growth and development
(Swaminathan et al., 2013).

Iron deficiency can occur if the populat-
ion consumes a monotonous diet that has a
high phytate content and low consumption of
animal food sources (Thankachan et al.,
2013). Iron can also be absorbed around 80-
85% by the body into red blood cells if the
presence of other micronutrients such as
vitamin A, vitamin B2, vitamin B12, vitamin
C and folic acid in optimal conditions to form
hemoglobin (Semba and Bloem, 2002).

Iron affects children's cognitive during
elementary school which can affect morbidity
and adversely affects classroom attention and
academic performance and both of these can
destroy performance in school processes and
academic grades (Fiorentino et al., 2018).

The child's optimal cognitive abilities
help assimilate and process information ob-
tained from various sources and turn it into
knowledge. Cognitive is included in the pro-
cess of learning, concentration, memory,
language, ability to think, ability to count and
make decisions (Monti et al., 2015).

The present study shows that iron in-
take has an indirect relationship in improving
the academic achievement. Christian et al.
(2011) showed that iron did not have a positi-
ve effect on cognitive and academic achiev-
ement. However, a study by Luo et al. (2017)
reported that lowiron intake inhibited acade-
mic achievement and cognitive. A study in
Denmark also reported that female students
aged 8-11 years with low iron intake showed
poorer academic achievement than those
with high iron intake (Sorensen et al., 2015).
3. The relationship between zinc in-

take and math achievement in pri-
mary school children
Micronutrient deficiency is the most common
condition in developing countries, especially
in the age group of school children caused by
the high physiological need in the process of
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growth and development but low consump-
tion of foods rich in nutrients (Diazet al.,
2003).

Zinc is a micro nutrient that plays an
important role in the growth and develop-
ment of school children and affects cognitive
function (Annan et al., 2019). Zinc is inclu-
ded as the second most important mineral
after iron in the body (Kambe et al., 2015).
Zink contributes to the function of more than
2000 proteins, plays a role in many cellular
mechanisms, DNA synthesis, protein syn-
thesis, wound healing, immunity and cogni-
tive function (Portbury and Adlard, 2017).

Zinc deficiency affects the academic
ability of school children because it causes
disturbances in neuropsychological behavior,
changes emotional behavior, decreases spon-
taneous activity, disturbs memory, interferes
with concentration and learning ability
(Pongcharoen et al., 2011).

Therefore, maintaining zinc levels in
homeostatic conditions by consuming a bal-
anced diet is highly recommended for op-
timal physiological function (Portbury and
Adlard, 2017). In the central nervous system,
maintenance of intake and zinc levels is very
important in brain health, especially cog-
nitive function (Nuttall and Oteiza, 2014).
However, the effect of zinc on the cognitive
and academic performance of school children
still experiences inconsistent results (Annan
et al., 2019).

This study showed that zinc intake has
an indirect relationship in improving the
academic ability of elementary school child-
ren (b= 0.17; 95% Cl= -0.01 to 0.36; p=
0.056). In this study the study subjects came
from rural areas that have families with low
socioeconomic status and parental education,
which on average only at the first level. The
results of this study are in line with Pongcha-
roen et al. (2011), which shows that children
who have adequate long-term zinc intake
from infancy to 9 years do not even have an
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effect on IQ and school academic perfor-
mance. That is caused by the average child
who is the subject of study comes from low
socioeconomic, low parental education, and
the background work of parents who are
mostly farmers and laborers, as well as expe-
riencing other nutrient deficiencies.

The benefits of zinc intake will provide
optimal function in the cognitive of school
children with the support of various factors
such as other nutrients, health status, and
socioeconomic factors (Walker et al., 2007).
What enables Zink's function on children's
cognitive and academic schools not to have a
good effect is the interaction of other nutri-
tional deficiencies such as iodine, folic acid,
vitamin B-12, omega 3, unsaturated fats
(Huang et al., 2017).
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