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ABSTRACT
Background: Although, the literature is abundant on the adverse effects of micronutrient deficiencies on
neurocognitive performance, iron deficiency is a major public health problem worldwide because it continues to be
the single most common nutritional deficiency and the main cause of anaemia in infancy and childhood. Nutritional
anemia occurs when body reserves for a specific nutrient are inadequate for the synthesis of hemoglobin. This
deficiency is due to inadequate iron intake and poor bioavailability. According to the World Health Organization
(WHO), more  than  2  billion  people  in  the world today are estimated to be deficient in iron deficiency.
Objectives: Rates of the highest prevalences in the developing world were found among pregnant women with 56%
of school children followed directly 53%. The distribution of iron in the brain is very heterogeneous, a characteristic
of the species in which the concentrations were determined. The highest concentrations are localised in the nucleus
accumbens, the substantia nigra (nigra), the nucleolus cerebellar deep red nucleus and some portions of the
hippocampus. These distributions occur at an advanced age especially when all the neuro-developmental activity is
performed. Results: Iron supplementation improves mental development scores of anemic children. These results
are amplified by psychosocial stimulation at home or in specialized centers. In sectoriel studies that our team has made 
 in the region of Kenitra with populations of school children, the results are unanimous on the correlation between
martial status and school performance and/or overall intelligence score determined by Raven’s Progressive Matrices
when socioeconomic variables are controlled. Conclusion: A comprehensive study using evoked potentials is
desirable to confirm the relationship between iron deficiency neuro-cognitive development.
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INTRODUCTION
For primary school children, iron deficiency

anaemia is a hemoglobin level of less than 11.5 g dLG1

and  ferritin  of  less  than  12  µg  LG1. Anaemia is
further graded into mild (9.0-11.4 g dLG1), moderate
(6.0-8.9 g dLG1) and severe (<6.0 g dLG1)1.

Deficiency may be due to inadequate dietary intake
of iron, low level of absorption because of small bowel
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pathology, increased physiological requirements during
rapid growth in infancy and adolescence and chronic
blood loss usually from the gastrointestinal or urinary
tracts or because of menorrhagia in adolescent girls2. 

Iron-deficiency anaemia is a major nutritional
problem throughout the world and leads to serious
health problems, such as poor cognitive and motor
development and behavioural problems, in children3. In
a previous study in rural and urban Morocco, we
observed a positive correlation between Serum Ferritin
(SF) and hemoglobin (Hb) concentrations, suggesting
that a significant proportion of anaemia cases might be
related to iron deficiency4.
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Globally, the estimates of iron deficiency are almost
about 2 billion people according to the (WHO)5. In third
world countries, the rate of the highest prevalences were
found among pregnant women with 56% of school
children followed directly 53%. However, in
industrialized countries, pregnant women are affected by
a rate of 18%, followed by 17% of preschool children6.

Anemia: A comprehensive global estimate: In its
latest report, the WHO estimated that anemia affects
1.62 billion people in the world which corresponds to
24.8% of the world population7. The preschool children
and pregnant women were the most affected groups.
The  prevalence  of  anemia  was  47.4% among
preschool children and 41.8% in pregnant women. In
non-pregnant women the prevalence of anemia was
30.2%. In addition to this, it has long been considered
the most vulnerable bracket aged is between 6 months
and 5 years. Certainly this child still suffers from anemia
to high levels, particularly in Morocco with 31.6%
(ACC/SCN)8, however, Hall et al.9,10  have demonstrated
that even 90% of these children survive to their fifth
birthday, their situation at school age remains worrying.

Iron on the nervous system: location and
metabolism: The distribution of iron in the brain is
very heterogeneous, a characteristic of the species in
which the concentrations were determined11. The
highest concentrations are in the nucleus accumbens, the
substantia nigra (nigra), nucleolus cerebellar deep red
nucleus  and  some  portions  of  the hippocampus.
These are close to the values   in liver12. These
distributions occur at an advanced age especially when all
the neuro- developmental activity is performed. Iron is
mainly contained in the enzymes, structural proteins and
transport proteins as ferritin storage. It is located
primarily in microglia and oligodendrocytes.

This location is in function of developmental stage.
Then the iron is transported into the cerebrospinal fluid
by specific transferrin. In the elderly, a concentration of
15-25 mg LG1 was determined. These concentrations are
5-10 times lower than those in plasma. Reports 100: 1
have been reported for ferritin in elderly people
suffering from overactive leg (Restless legs)13.

The brain iron obtained through the transferrin
receptor expressed in endothelial cells of the
microvasculature. The transfer rate is increased when the
individual reserves are low and vice versa. This process
is highly selective and does not reflect the overall
permeability of the nerve blood.

Recently   two   new   carriers    of    iron    have
been identified: the «divalent metal transporter”
(DMT1-iron/proton symporter that moves the iron
acidified endosomes) and metal transporter protein 1
(MPT-1/ferroprotin/Ireg 1) export of iron14.

Function of iron in the brain: Brain iron accumulates
from birth to early adulthood, in addition to the stage of
neurodevelopment, iron distribution in the brain’s
metabolic activity is some time a cause of degenerative
diseases associated with aging.

The studies focused on the function of iron in the
brain are very limited and are performed in animals or
cell culture. Deductions from the data of Magnetic
Resonance Imaging (MRI ) in humans confirm that the
relaxation time T2 weighted associated with the
concentration of iron in brain regions15.

Iron is necessary for myelination of the spinal cord
and the grey matter. It is also a cofactor of the enzymes
involved in the synthesis of neurotransmitters, such as
tryptophan hydroxylase and tyrosine hydroxylase16,17.
Cells containing more iron are oligodendrocytes in
multiple species. These cells are responsible for the
synthesis of fatty acids and cholesterol for myelin. Levels
of monoamines are sensitive to changes in brain iron
status, but these mechanisms are not yet clear18.

Beard19 has wishes in a review about the nerve
function of iron by refined techniques of behavioral and
cognitive measures will tell us more in the next five years
on sensitive to iron deficiency periods in infant
development.

Mechanisms conducting to cognitive delays are not
all known, but it seems they might be connected with
alterations in enzymes involved in the synthesis of
neurotransmitters20, decreased myelination21 and changes
in energy metabolism in the brain. They mainly affect
neurotransmitters role as outlined in the review of Beard
and Connor19, the functioning of dopamine transporters,
serotonin and noradrenaline22. The cortex, hippocampus,
striatum and areas important for cognition, are more
susceptible to iron deficiency than other areas of the
brain23.

Effect of iron deficiency and anemia on cognitive
development: Iron deficiency among school children
is more transitional than in young children, so they can
easily respond to treatment. According to Sungthong24,
cognitive function (IQ: Intelligence Quotient test,
language and math ) is correlated with hemoglobin when
ferritin is abnormal.
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Using the Raven Progressive Matrices, electro-
encephalogram and attentional span: in school children
from 9 years on average, Bandhu et al.25 reported that
only the Raven score improved by the treatment. Rather
it is the memory function and especially of figures
associated  with hemoglobin in Mexican children from
6-8 years, whereas, ferritin was negatively correlated
with the revised codes WISC-RM (RM Version. Revised
Mexican)26, in the other hand, Bandhu et al.25 reported
that only the Raven score improved by the treatment. In
another study, it’s rather the memory function and
especially of figures associated with hemoglobin among
Mexican children from 6-8 years , whereas ferritin was
negatively correlated with the dimensions of the test
codes WISC-RM25. On school performance. Wang et al.27

reported that anemia in post-adolescent is a determinant
of dropout.

In their sides, Mukudi et al.28 showed that the
strongest predictor of academic performance is
attendance. That is affected by malnutrition among girls
with low socio-economic level. Neurological
determinants of changes in cognitive performance are
little explored. Nevertheless, some studies, including
that of Otero et al.29 found that in addition to impaired
intellectual performance in school children aged
between 6 and 12 years are iron deficient, their EEG
shows slow activity (more energy Theta and Delta)
suggesting a developmental delay or dysfunction of the
central nervous system29.

Grantham-McGregor and Ani3 reviewed the
literature on the relationship between iron deficiency
anemia  and  cognitive  development. On children over
2  years old, anemic often have cognitive levels and lower
than those of non-anemic academic performance.
However, they catch in cognition after diagnosis and
treatment repeated but not school performance.
According to the author, these findings are compelling
and can be consolidated with one or two randomized
controlled trials.

In 1993, Idjradinata and Pollitt published the results
of a randomized double-blind trial in elderly Indonesian
children 12-18 months30. Children were divided in three
groups : children with iron deficiency anemia, children
with non-iron-deficiency anemia and non anemic
children.

In each of these groups, the children were
randomized to receive a ferrous treatment or placebo for
4 months. Before receiving this treatment an assessment
of mental and motor development, achieved by using the
Bayley showed that children with iron deficiency anemia

had a significantly lower score compared to the other
two groups. After treatment, evaluation of mental and
motor development showed an increase in scores in the
group of children with iron deficiency anemia at the
start31. 

In the other two groups (not deficient and not
anemic) no change in scores was observed. This result
confirms those of some studies have already shown the
effect of iron deficiency anemia on child
development32,33. In addition to this, it is interesting to
note that a recent meta-analysis revealed that the increase
in hemoglobin of 1 g dLG1 increase the IQ of 1.7334.
However, regarding this point, as on many others,
controversial results exist. In 1996, a similar  study  to
the one of Idjradinata and Pollitt was conducted by
Lozoff  et al.35 Costa Rica. In this study, where all
children were 6 months of ferrous sulfate and no placebo
was used, children with iron deficiency anemia at
baseline had always score lower mental development.
Tamura et al.36 confirmed the association between iron
status of the fetus  and  the low scores of cognitive
development at age 5.

Iron deficiency, overload and brain function: A
number of arguments advocates of early
supplementation: the iron deficiency in animals at birth
alter brain levels of transferrin, transferrin receptor and
ferritin  but  these changes are quickly offset by a early
supplementation suggesting a large brain capacity to
regulate and use iron as needed. Meat consumption is
positively  correlated  with  psychomotor development
4-22 months37. The correlation between hemoglobin
levels and academic performance is well established,
especially among school-age children deficient iron38,24.
The comparison between impaired children, anemic or
non-anemic shows that cognitive scores are lowest in
anemic children39. However, despite a large number of
studies in children and newborns, the effects of iron
supplementation on brain development remain
disappointing40,41. In newborn small birth weight, the
contributions of 13-20 mg dayG1 showed no impact of
this high dose of iron42,43 but, on the other hand, benefits
on mental and psychomotor development of the
newborn supplementation with 7 mg dayG1 of iron in the
form of sulfate are observed in children 6 months
breastfed by the same team44.

CONCLUSION
This review of the literature shows that iron

deficiency   remains   important   to   local   and  regional
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worldwide. The relationship between iron deficiency
cognitive performance exist but remain against paid. The
biochemical and physiological mechanisms underlying
often iron deficiency connecting a neuro-impaired
cognitive function are not yet clear. Scientists rely on the
use of new techniques and behavioral neurocognitive
exploration (f MRI, EEG evoked potentials) to enlighten
us benefits in the near future.

The consequences of anemia are extremely varied
and include aspects as diverse as mortality, cognitive
development or productivity. It is therefore, essential to
be able to provide support and proper prevention.
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