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Academic achievement of elementary school-aged 
children with pre-anemic iron-deficiency

Paul Wiratama Pardede, Endang Windiastuti, Bambang Tridjaja

Abstract
Background Relationship between iron deficiency and 
cognitive function has been investigated in many studies, but 
they usually focused on iron deficiency anemia. Brain iron 
storage might have already decreased before anemia exist. 
Objectives
deficiency
this condition is a risk factor for low academic achievement.
Methods

nd th

nine subjects who suffered from anemia were excluded. The 

group.
Results in SDN 

academic achievement could not be calculated because the 
minimal sample number required was not reached. There was 

academic achievement for mathematics, Indonesian language, 
science, and social science. 
Conclusions

the presence of iron deficiency in children with inflammation 
is needed. [Paediatr Indones. 2009;49:209-13].
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Iron deficiency is a global health problem not only 
in developing countries, but also in developed 
countries.  Iron deficiency in Indonesia 
commonly occur in pregnancy, children under 

class.   The prevalence of iron deficiency should be 
higher than that of iron deficiency anemia, therefore 
iron deficiency has bigger influence on community 
health problem. National Household Survey in 

iron deficiency anemia, but the data of national 
prevalence of iron deficiency without anemia in 
Indonesia has not been established.6 Windiastuti 
et al, as cited by Abdulsalam, studied that 115 of 

hemoglobin level apparently had decreased serum iron 
level. One of the important effects of iron deficiency 
in children and adolescents is impaired behavioural 
and cognitive function,  that will influence 
academic achievement.
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A lot of studies have aimed to evaluate the 
relation between iron deficiency and cognitive 
function or academic achievement, most of 
them usually focused on iron deficiency anemia. 
Usually body iron deposit including brain has 
already decreased before the decrease of hemoglobin 
production. Research by Soemantri et al  showed that 
iron therapy can increase children learning capacity, 
also it can compensate previous impairment that 
already occurred. Reports from some studies about 

and academic achievement stated that there was 
correlation between iron deficiency without anemia 

children.4,14

disturbances that lead to low academic achievements. 

established. This study aimed to find the prevalence of 

to know the proportion of low academic achievements 

to that in children with normal iron level. 

Methods

nd to 
6th grade of elementary school children, conducted 

children whose parents gave informed consent, and 
excluded those with anemia or suffered from other 
chronic disease. We conducted history taking and 
physical examination. Blood specimen was sent to 
Prodia laboratory® for peripheral blood and ferritin 
level examinations. This study was approved by Board 

Indonesia. Blood examinations were done in Prodia 
laboratory. 

Iron status was classified into two groups: normal 

iron deficiency without anemia were those who 
suffered from iron depletion and iron deficiency 

a term for scores >
language, science, and social sciences from the last 

occurred or has been estimated to be going on for three 
months or more, and affects daily activities.15

presented in text and tables. Relation between iron 
status and academic achievement was analyzed using 

test were not fulfilled.

Results

consisted of seven subjects with iron deficiency 

girls were finally included and classified into two 

with normal iron status and five subjects with iron 
deficiency without anemia (Table 1). Mathematics, 
Indonesian language, science, and social sciences 
academic achievements from subjects in each iron 
status group were classified into good academic 
achievement group and low academic achievement 
group (Table 1). 

Table 1. Characteristics of subjects (N=58)

Characteristics n %

Sex

Serum ferritin level

Mathematic academic achievement

Indonesian language academic achievement

Social science academic achievement

Science academic achievement

30
28

53
5

48
10

56
2

57
1

55
3

52
48

91
  9

83
17

97
  3

98
  2

95
  5
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achievements could not be calculated because of 
the small sample size. Fisher’s exact test showed 

mathemathics, Indonesian language, science, and 
social sciences (Table 2).

Discussion

The prevalence of  found 

than that of Windiastuti et al
school students).  The difference was probably due to 
the indicators used in assessing iron deficiency. This 
study used serum ferritin level, while Windiastuti et
al used serum iron level. Soemantri in his study in 

16 elementary 
school students who had not suffered from anemia, 
were actually in iron depletion stage based on serum 

level.16 Another possible cause was the presence of 
inflammation that may affect serum ferritin level, so 
that children who actually had suffered from iron 
deficiency were falsely classified into normal group. 

fL) which was commonly found in thalassemia carrier, 
but this still needed further evaluation. 

sample size. Inability to reach the minimal sample 

was probably due to the serum ferritin level used as 
indicator in assessing body iron status in this study 
was being affected with inflammation. Worwood
reported that serum ferritin was the best indicator 
of depleted iron stores. However, serum ferritin is 

will rise during inflammation, so it will be difficult to 
interpret the concentration of ferritin in situations in 
which infectious diseases are common. As acute phase 

) and 
tumor necrosis factor ) are released. There 
is an increased synthesis of ferritin H and L subunits, 
and then serum ferritin level will also increase.
Birgegard, as cited by Worwood, stated that in acute 

with maximum peak level reached in one week.  It 
was predicted that some children in this study who 
were classified into normal iron status group, were 
probably suffering from iron deficiency together with 
inflammation process. In this condition, serum ferritin 
level will be normal or even increase. Researchers 
had tried to anticipate the influence of inflamation 
on ferritin level by exploring history of any chronic 
diseases and doing some physical examinations, 
but those attempts probably inadequate to detect 
inflammation. Erythrocyte sedimentation rate or other 
acute phase protein examination should have been 
performed to more accurately detect the influence of 
inflammation on ferritin level. Some other acute phase 

Soluble transferrin receptor (sTR) level measurement 
can also be used to detect iron deficiency in children 
with chronic inflammation,  but unfortunately it is 
quite expensive and not available yet in Indonesia. 

iron deficiency in children with inflammation. More

point in diagnosing iron deficiency in area with high 
prevalence of malaria or other infections.

Tabel 2. Relation between iron status and academic achievement

Academic achievement

Body iron status

PNormal
(N=53)

without anemia 
(N=5)

Mathematics

Indonesian language 

Social sciences 

Science

44
9

51
2

52
1

51
2

4
1

5
0

5
0

4
1

1.00

1.00

1.00

0.24

Fisher’s exact test, two-way
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soluble transfer receptor level examinations is needed 
in order to decrease the prevalence of low academic 
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