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Introduction
Iron deficiency (ID) is a more frequently encoun-
tered problem in children than in adults, and it
affects approximately 20 per cent of the world popu-
lation.1 In addition to iron-deficiency anemia (IDA),
ID has many more systemic effects; e.g. physical
capacity, growth, and immunity may be affected
negatively in children, and behavioral changes and
decreases in developmental test scores may be
observed in infants.2–6 This negative effect on the
mental and motor development of infants could also
be related to the visual system.

The effect of ID on cerebral functions has recently
been investigated in studies using evoked potentials,
which is a non-invasive electrophysiological method.
To our knowledge, however, there has been no
reported clinical neurophysiologic study investi-
gating any probable effects of ID on visual functions.

Visual-evoked potentials (VEP) can be defined as
a stimulus-synchronized electroencephalography
(EEG) for a defined time after a visual stimulus.
VEP reflects the end-result of a long neural infor-
mation cascade that starts at the photoreceptors and
passes through synapses in the retina, the lateral
geniculate body in the thalamus, and the primary
visual cortex. In clinical practice, repeated stimuli are
presented and the resulting traces are averaged to
produce a final waveform. Latency and amplitude of
the components of this waveform are analysed. VEP

is a triphasic response, the major component of
which is a positive deflection appearing 100 ms after
the visual stimulus. This deflection, termed P100, is
followed by less robust negative deflections (N1 and
N2). Delayed responses in these components of the
VEP waveform, in the absence of abnormal findings
of fundus examination, are considered to be an indi-
cation of subclinical visual pathology beyond the
retina.7 In this study, we aimed to investigate the
effect of ID on visual functions by using VEP.

Materials and Methods
This study was performed at the Departments of
Pediatrics at the Gülhane Military Medical Academy
and the Ankara University School of Medicine.
Twenty infants with IDA, who were otherwise
healthy and who had no pathology in physical
examination, were enrolled in the study. Infants with
any history of perinatal asphyxia, neonatal hyper-
bilirubinemia or respiratory disease, central nervous
system infection, and past or current familial visual
disturbance were not included in the study. The
clinical ophthalmologic and neurologic examinations
performed were normal in all of the patients, and the
growth parameters of the patients were within
normal limits for their ages. Of the 20 patients
studied, 12 were male and eight were female with a
median age of 14 (range 7–24) months.

Hematological parameters related with IDA were
recorded in each patient, and all the infants met the
laboratory criteria required for the diagnosis of IDA.
All the cases were given a daily oral dose of 4 mg/kg
iron sulphate for 12 weeks.

In each case flash VEPS with a LED goggle

The Effect of Iron Supplementation on Visual-evoked
Potentials in Infants with Iron-deficiency Anemia

by S. Ümit Sarici,a Vedat Okutan,a M. Rușen Dündaröz,a A. Muhittin Serdar,b Rıdvan Akin,a Gülhis Deda,c and Erdal
Gökçaya

aDepartment of Pediatrics and bDepartment of Biochemistry, Gülhane Military Medical Academy, Ankara, Turkey
cDepartment of Pediatrics, Ankara University School of Medicine, Ankara, Turkey

Summary
Flash visual-evoked potentials were studied in 20 infants with iron-deficiency anemia to determine
the effect of iron deficiency on visual function by using visual-evoked potentials in this type of
anemia. After iron therapy for 12 weeks, visual-evoked potentials were retested in these otherwise
healthy infants. All infants showed an excellent hematological response to iron therapy. Post-treat-
ment visual-evoked potential N2 latencies (negative deflections) decreased significantly compared to
the pre-treatment values (p < 0.05).These results suggest that iron-deficiency anemia causes subclin-
ical visual impairment, and visual-evoked potentials may be a useful non-invasive means of detect-
ing subtle effects of nutritional deficiencies and monitoring the nutritional status of infants.

Correspondence: Dr. S. Ümit Sarici, Department of Pediatrics,
Gülhane Military Medical Academy, 06018-Etlik, Ankara, Turkey.
Tel. 90 312 3212063; Fax 90 312 3217778. E-mail
<susarici@hotmail.com>.

02Sarici (to/k)  26/4/01  10:02 am  Page 132



stimulator were performed before and after iron
supplementation at the pediatric neurology and elec-
trophysiology laboratory with a Nihon Kohden
Neuropack 4 MEB-5304 K04 (Japan). To obtain
VEPs, every subject was put to sleep with hydroxy-
zine (1 mg/kg peroral) and taken to a special room
which is sound and light-proof. The VEPs were
recorded over both hemispheres, areas 01 and 02,
which were referenced to electrodes applied to both
ears (places 10–20, according to international system
of electrode placement). Each eye was tested separ-
ately using a frequency of 1 Hz for 300 ms duration
and 100–200 responses were averaged during the
trial. Normal VEP values for the age group of 6
months to 3 years were determined before in our
laboratory and were found to be 104 ± 4 ms.

Informed consent was obtained from the parents
of all subjects, and the study was approved by the
local ethics committee.

Paired t-test was used to compare the pre- and
post-treatment results in the statistical analysis of the
data.

Results
After iron therapy for 12 weeks, anemia resolved and
hemoglobin levels rose to normal in all subjects.
There were significant differences between the pre-
and post-treatment hematologic parameters, and the
post-treatment VEP N2 negative deflections were
significantly shorter than the pre-treatment ones
(Table 1, Fig. 1).

Discussion
Although it  is not entirely known how ID affects
cerebral function, several theories have been put
forward. Iron deficiency may have an impact on
several metabolic and neural functions, such as the
synthesis, uptake and utility of neurotransmitters,
mitochondrial functions, cerebral iron content and
distribution, synthesis of proteins, oxidation–reduc-
tion, and electron transport. The decrease in cerebral
iron content may diminish the activity of several

neurotransmitters, such as dopamine, serotonin, and
noradrenaline, by interfering with the iron-
dependent enzymes which are important in the
synthesis of these particular neurotransmitters. It has
been speculated that there may be a relationship
between behavioral abnormalities and monoamine
oxidase deficiency. A decrease in the activity of
aldehyde oxidase, an important enzyme for the
utilization of serotonin, may cause a decrease in
cognitive functions.8–12 The abnormalities in the
visual system may also contribute to these alterations
in the cognitive processes. Our study, therefore,
focused on the effect of ID on visual functions.

In this study, patients showed a good response to
iron therapy. At the end of iron supplementation for
12 weeks, we observed a significant decrease in VEP
N2 latencies. This decrease means improvement in
visual function. Before iron supplementation, there
were no visual symptoms in our cases, and they had
normal ophthalmologic examinations. It has been
suggested that VEPs can detect subclinical involve-
ment on visual pathways in patients who have
normal ophthalmologic examination and who do not
have any visual symptoms.13,14 The longer N2 laten-
cies before treatment in our study may, therefore, be
explained by the possible subclinical effects of IDA
on the visual system, even in the absence of clinical
stigmata of visual impairment. Thus, shortening of
N2 latencies after treatment in our study must be due
to the iron supplementation or to the correction of
anemia.

In a study performed on thalassemic patients who
received desferoxamine (DFO), an iron-chelating
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TABLE 1
The pre- and post-treatment hematologic parameters

and VEP results of the study group

Before After
treatment treatment p value

Hemoglobin (g/dl) 8.8 ± 1.2 11.9 ± 0.6 < 0.0001
Hematocrit (%) 27.9 ± 2.9 35.4 ± 1.8 < 0.0001
MCV (fl) 60.5 ± 3.4 74.6 ± 3.4 < 0.0001
Red cell distribution 

width (%) 20.6 ± 2.0 16.8 ± 1.3 < 0.0001
VEP N2 (ms) 113.7 ± 16.1 106.6± 12.4 < 0.05

FIG. 1. Comparison of the pre- and post-treatment
VEP N2 latencies of the study group (�—�, indicate
mean values).
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agent, it was reported that the great percentage of
these transfusion-dependent patients had VEP
abnormalities.15 It was concluded that these abnor-
malities might be due either to DFO, or to iron
overload. In another study patients who had received
high-dose DFO had increased latencies in their
VEPs, and these cases had lower serum ferritin
levels.16 In most of these patients VEPs improved
after drug withdrawal.

A similar study in thalassemic patients demon-
strated the improvement of abnormal VEPs after the
withdrawal of DFO, and furthermore, recurrence of
VEPs abnormalities after reinstitution of DFO was
documented.17 Marciani, et al.18 reported that high-
dose DFO caused a further delay in P100 latencies in
patients receiving DFO therapy at standard doses,
who had already delayed P100 latency. Deferiprone,
a recently introduced orally-active iron chelator, also
has similar toxic effects.19

Although the studies referred to above cannot
clarify the exact etiological and pathological
mechanisms, they strongly suggest that there are
significant relations between iron metabolism and
visual function. The possible relationship between
anemia and brain functions was also investigated in
various studies. In a study performed on stable
continuous ambulatory peritoneal dialysis patients
with adequate body iron stores, it was reported that
the correction of renal anemia by using recombinant
human erythropoietin induced a decrease in latency
of P100 VEP. The authors suggested that increased
hematocrit levels provided enhanced brain oxygen
delivery, directly improving brain metabolism.20

Studies in patients with chronic renal failure demon-
strated the recovery of brain dysfunction after treat-
ment of anemia, and it was claimed that this recovery
was due to the decreased delivery of uremic toxins to
the brain resulting from a decrease in cerebral blood
flow following increased hematocrit levels.21–25

In a study performed on iron-deficient adolescent
girls, it has been reported that iron supplementation
improves some cognitive functions, even in the
absence of anemia.26 In some studies it has been
reported that cognitive and behavioral disturbances
may be independent from hemoglobin concentra-
tions in iron-deficient patients.27–29 The studies
performed on rats and adults to elucidate the
relationship between ID and hearing functions have
shown that hearing disorders might be produced by
the iron deficiency but not by the anemia. It has been
suggested that the negative effect of ID on the
auditory system is more responsible for the hearing
impairment than the anemic anoxia resulting from
ID.30,31

In our study, the subjects were iron deficient,
anemic but otherwise healthy infants. The fact that a
decrease in VEP N2 latencies may also be induced by
rapid development of organ functions of infants in
this period of life may raise a question about whether

the subclinical visual disturbance observed in this
study was due to ID or to maturation of visual func-
tions. However, as the maturation of visual functions
lasts until up to 5–6 years of age, it is very difficult to
explain the pre-and post-treatment differences of
VEP N2 latencies by rapid maturation in such a short
period of 12 weeks. To our knowledge this is the first
study showing that iron supplementation induced a
decrease in VEP N2 latencies in infants with IDA.
This result suggests that these infants had subclinical
visual impairment before treatment. Since no other
etiologic factors were identified in these infants, it is
likely that this impairment in visual function may be
due either to ID or to anemia.

Further large-scale experimental and clinical
studies including healthy, matched controls are neces-
sary to elucidate the relation between IDA and visual
functions. If this relation can be confirmed, recording
VEPs, which are a quantitative measure of visual
system function, may be a useful non-invasive means
in detecting subtle effects of nutritional deficiencies
and monitoring the nutritional status of infants.

References
1. Lee GR. Iron deficiency and iron deficiency anemia. In: Lee

GR, Bithell TC, Foerster J, Athens JW, Lukens JN (eds). Hema-
tology, 9th edn. Lea and Febiger, Philadelphia, 1993; 808–39.

2. Lozoff B, Brittenham GM, Wolf AW. Iron deficiency anemia
and iron therapy effects on infant developmental test perform-
ance. Pediatrics 1987; 79: 981–95.

3. Lozoff B, Wolf AW, Jimenez E. Iron deficiency anemia and
infant development: effects of extended oral iron therapy. J
Pediatr 1996; 129: 382–89.

4. Oski F, Honing A, Helu B. Effect of iron therapy on behavior
performance in nonanemic, iron deficient infants. Pediatrics
1983; 71: 877–80.

5. Dallman PR. Manifestation of iron deficiency. Semin Hematol
1982; 19: 19–30.

6. Oski F. The non-hematologic manifestations of iron deficiency.
Am J Dis Child 1979; 133: 315–22.

7. Baker RS, Schemeisser ET, Epstein AD. Visual system electro-
diagnosis in neurologic disease of childhood. Pediatr Neurol
1995; 12: 99–110.

8. Beard JL, Connor JD, Jopnes BC. Brain iron: location and
function. Prog Food Nutr Sci 1993; 17: 183–221.

9. Dallman PR. Biochemical basis for the manifestation of iron
deficiency. Ann Rev Nutr 1986; 6: 13–40.

10. Lozoff B, Jimenez E, Wolf AW. Long-term developmental
outcome of infants with iron deficiency. N Engl J Med 1991; 325:
687–94.

11. Youdim MB, Woods HF, Mitchell B, Grahame-Smith DG,
Callender S. Human platelet monoamine oxidase activity in iron
deficiency anaemia. Clin Sci Mol Med 1975; 48: 289–95.

12. Youdim MB, Grahame-Smith DG, Woods HF. Some properties
of human platelet monamine oxidase in iron deficiency anaemia.
Clin Sci Mol Med 1976; 50: 479–85.

13. Troncoso J, Mancall EL, Schatz NJ. Visual evoked responses in
pernicious anemia. Arch Neurol 1979; 36: 168–69.

14. Taylor MJ, Keenan NK, Gallant T, Skarf B, Freedman MH,
Logan WJ. Subclinical VEP abnormalities in patients on chronic
deferoxamine therapy: longitudinal studies. Electroencephalogr
Clin Neurophysiol 1987; 68: 81–7.

S. Ü. SARICI ET AL.

134 Journal of Tropical Pediatrics Vol. 47 June 2001

02Sarici (to/k)  26/4/01  10:02 am  Page 134



15. Triantafyllou N, Fisfis M, Sideris G, Triantafyllou D, Rombos A,
Vrettou H. Neurophysiological and neuro-otological study of
homozygous beta-thalassemia under long-term desferrioxamine
(DFO) treatment. Acta Neurol Scand 1991; 83: 306–8.

16. Olivieri NF, Buncic JR, Chew E, Gallant T, Harrison RV,
Keenan N. Visual and auditory neurotoxicity in patients receiv-
ing subcutaneous deferoxamine infusions. N Engl J Med 1986;
314: 869–73.

17. Freedman MH, Boyden M, Taylor M, Skarf B. Neurotoxicity
associated with deferoxamine therapy. Toxicology 1988; 49:
283–90.

18. Marciani MG, Cianciulli P, Stefani N, Stefanini F, Perony L,
Sabbadini M. Toxic effects of high-dose deferoxamine treatment
in patients with iron overload: an electrophysiological study of
cerebral and visual function. Haematologica 1991; 76: 131–34.

19. Marciani MG, Iani C, Desiato MT, Spanedda F, Bassetti MA,
Cianciulli P. Subclinical auditory and visual involvement during
oral deferiprone therapy. Am J Hematol 1996; 51: 179–80.

20. Di Paolo B, Marini A, Fiederling B, Di Liberato L, Santarelli P,
Bucciarelli S. Effects of subcutaneous recombinant human
erythropoietin in patients on continous ambulatory peritoneal
dialysis. Perit Dial Int 1993; 13: S538–40.

21. Sagales T, Gimeno V, Planella MJ, Raguer N, Bartolome J.
Effects of rHuEPO on Q-EEG and event-related potentials in
chronic renal failure. Kidney Int 1993; 44: 1109–15.

22. Wolcott DL, Wellisch DK, Marsh JT, Shaeffer J, Landsverk J,
Nissenson AR. Relationship of dialysis modality and other
factors to cognitive function in chronic dialysis patients. Am J
Kidney Dis 1988; 12: 275–84.

23. Lewis EG, Dustman RE, Beck EC. Visual and somatosensory

evoked potential characteristics of patients undergoing
hemodialysis and kidney transplantation. Electroencephalogr
Clin Neurophysiol 1978; 44: 223–31.

24. Biasioli S, Andrea GD, Feriani M, Chiaramonte S, Fabris A,
Ronco C. Uremic encephalopathy: an updating. Clin Nephrol
1986; 25: 57–63.

25. Di Paolo B, Di Liberato L, Fiederling B, Catucci G, Bucciarelli
S, Paolantonio L. Effects of uremia and dialysis on brain elec-
trophysiology after recombinant erythropoietin treatment.
ASAIO J 1992; 38: M477–80.

26. Bruner AB, Joffe A, Duggan AK, Casella JF, Brandt J.
Randomised study of cognitive effects of iron supplementation
in non-anaemic iron-deficient adolescent girls. Lancet 1996; 348:
992–96.

27. Fairbanks V, Beutler E. Iron deficiency. In: Beutler E (ed.),
William’s Hematology, 5th edn. McGraw-Hill, New York, 1995:
495.

28. Pollitt E, Leibel RL. Iron deficiency and behavior. J Pediatr
1976; 88: 372–81. 

29. Ruiz S, Walter T, Perez H, Stekel A, Hernandez A, Soto-
Moyano R. Effects of early iron deficiency on reactivity of the
rat parietal association cortex. Int J Neuroscience 1984; 23:
161–68.

30. Sun AH, Xiao SZ, Li BS, Li ZJ, Wang TY, Zhang YS. Iron
deficiency and hearing loss. Experimental study in growing rats.
ORL J Otorhinolaryngol Relat Spec 1987; 49: 118–22.

31. Sun AH, Wang ZM, Xiao SZ, Li ZJ, Ding JC, Li JY. Idiopathic
sudden hearing loss and disturbance of iron metabolism. A
Clinical Survey of 426 Cases. ORL J Otorhinolaryngol Relat
Spec 1992; 54: 66–70.

S. Ü. SARICI ET AL.

Journal of Tropical Pediatrics Vol. 47 June 2001 135

02Sarici (to/k)  26/4/01  10:02 am  Page 135


