
Introduction
Iron deficiency anaemia (IDA) is a widespread nutritional
disorder and an enormous public health problem throughout
the world.1 It is estimated that the disorder affects 500–700
million people worldwide, while it is the most common dis-
ease reported among children, with prevalence being
reported as being as high as 22% among East Asian children
of school age.2–5

Early stage iron deficiency affects brain iron content dis-
tribution, resulting in neurotransmitter and brain metabolic
alterations.6,7 The most important manifestations of tissue
iron deficiency in childhood are the impairment of psy-
chomotor development and of cognitive function.3 Although
there are many ways to assess psychomotor development,
such as intelligence quotient (IQ) testing, most tests are influ-
enced by the child’s level of cooperation.8

During the last few decades event-related potentials
(ERP) have been extensively investigated in studies of neuro-
electrophysiological correlates of human cognitive pro-
cesses.9 Long-latency evoked potentials (EP) related to
aspects of cognitive processing are referred to as ERP or cog-
nitive EP. Their components are labelled in numerical order,
based on the polarity and/or average peak latency. The com-
ponent commonly designated as P3 or P300 normally has a
latency of about 300 ms and is maximal in amplitude in all
the waves. It has been commonly used in research studies of
psychomotor development, as it has been found to most
closely represent high-ranking cognitive function in the
cerebral cortex.10–13 This includes simple recognition, short-
term memory, simple measures of judgement, and atten-
tion.10,12 We are not aware of any studies which utilize ERP
testing as a measure of intellectual ability in IDA subjects.

The present study was designed to assess the usefulness of
this test in this context.

Materials and methods
Seventy subjects with IDA were recruited from children aged
7–12 years attending a normal primary school in Huangpi
County, a suburb of Wuhan City in China. All subjects met
the diagnostic criteria for IDA set by the 1988 National
Scientific Conference of Children’s Blood Diseases.14 These
were low haemoglobin (Hb < 120 g/L) with either low serum
ferritin (SF < 16 µg/L) or high free erythrocyte protopor-
phyrin levels (FEP > 500 µg/L). Apart from this diagnosis,
the children were apparently well and showed no positive
signs on physical examination. There was neither medical
history nor family history of tuberculosis, hepatitis, ancylo-
stomiasis, schistosomiasis, inherited and metabolic disorders,
or anaemias other than IDA. There was no recent history of
fever, diarrhoea or diseases of the central nervous system.

The subjects were randomly divided into two equal-sized
groups, one treatment and one placebo, and compared with
30 non-anaemic age- and sex-matched healthy children from
the same school. The treatment group received a daily oral
dose of a solidified beverage containing iron (10 mg in the
form of ferrous sulphate), vitamin C (50 mg), malic acid (25
mg) and folic acid (250 µg), while the placebo group was
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given a beverage of similar appearance, odour and taste with-
out any of these nutrients. Both active treatment and placebos
were given for 3 months.

Event-related potentials testing was performed on all sub-
jects on two occasions, before and after the treatment period.
Event-related potentials testing was conducted according to
International Federation of Clinical Neurophysiology stan-
dards using a binaural auditory tone stimulus.13 Two easily
discernible tones were presented in a random order using the
so-called ‘odd-ball’ paradigm: that is, contrasting a ‘frequent’
tone of pitch, 1000 Hz, in 80% of the trail with a ‘rare’ tone
of pitch, 2000 Hz, in 20% of the trail. Recordings were
obtained from the vertex and referenced to linked-earlobe
electrodes, using 0.5 Hz high pass and 30 Hz low pass filters
with the sweep duration set at 750 ms. The subjects were
required to count the number of rare tones mingled with a
series of frequent stimuli. In normal subjects an N1-P2 com-
plex should be identified in response to the frequent tone and
an N1-P2-N2-P3 complex in response to the rare tone.13

At the same time as ERP testing was performed the sub-
jects had an IQ test using the Chinese–Binet Intelligence
scale as revised by Cunren Fan.15 This revised version of the
Binet test has been used extensively in China since it was
published in 1992. The test provides an overall evaluation of
development level along with a measurement of sub-areas of
clinical interest, such as language, memory, concept, think-
ing, reasoning, visual perception and social skills. Average
IQ was defined as being a score between 90 and 109.

The entire study was conducted in a double-blind fashion.
Averaged ERP for each subject were used for calculation.

Three cases in the IDA group (two in the treatment group and
one in the placebo group) were excluded from statistical analy-
ses because of an absence of pretreatment P300 components.

Results
The baseline data for the three sample groups are shown in
Table 1.

Haematology
Haemoglobin levels rose in the treatment IDA group such
that they were no longer significantly different to those of the

non-anaemic control subjects, with all treated subjects hav-
ing haemoglobin levels greater than or equal to 120 g/L
(meaning that all treated subjects had an increase in haemo-
globin levels of more than 10 g/L over the original level).
This was associated with corresponding improvements in
other haematological parameters of anaemia. Hematological
indices in the placebo group improved slightly, but remained
statistically different to the control group (P < 0.05) (see
Table 2).

Event-related potentials
Prior to treatment, both IDA groups had prolonged P300
latencies in comparison with the control group (P < 0.01).
Although there were differences in the proportion of cases
with abnormal waveforms between each IDA group and non-
anaemic controls (Table 3), this did not reach statistical sig-
nificance (treatment group vs control group χ2 = 3.09,
P = 0.079; placebo group vs control group χ2 = 2.83,
P = 0.092). When the combined two IDA groups were com-
pared with the control group the difference was of increased
significance, although it was still not statistically significant
(χ2 = 3.63, P = 0.057).

The differences in proportion of abnormal waveforms
within each group comparing pre- with post-treatment testing
did not reach statistical significance for any one group,
although there was a trend to more abnormal waveforms in
the placebo group (P = 0.052), and less abnormal waveforms
in the treatment group (P = 0.174). The proportion of ab-
normal waveforms in the non-IDA control group did not
change. However, the differences in proportion of abnormal
waveforms between groups during post-treatment testing
were of high statistical significance. There was a decrease in
the number of cases with abnormal waveforms in the active
treatment group, compared with an increase in the number
within the placebo group (P = 0.002).
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Table 1. Baseline data for the three sample groups (mean ±
SD)

Group Age (month) Weight (kg) Height (cm)

Treatment (n = 35) 111.10 ± 1.74 27.12 ± 5.68 130.40 ± 11.36
Placebo (n = 35) 111.90 ± 1.87 26.50 ± 5.48 130.80 ± 10.26
Normal (n = 30) 111.60 ± 1.68 27.30 ± 5.15 131.10 ± 9.84

Note: The distribution of boys and girls for each group was equal or within
one case of each other.

Table 2. Haematological analyses before and after iron supplementation

Group Hb (g/L) FEP (µg/L) SF (µg/L)
Before After Before After Before After

Treatment 105.80 ± 3.27 124.00 ± 3.71* 771.40 ± 21.14 422.80 ± 11.20* 13.32 ± 1.56 36.95 ± 1.76*
Placebo 104.90 ± 1.87 112.20 ± 4.30† 748.00 ± 24.56 533.00 ± 11.32*† 11.70 ± 1.70 12.53 ± 1.92§

Normal 120.49 ± 4.29 123.20 ± 3.84 354.70 ± 11.46 345.80 ± 9.56 57.99 ± 1.46 37.59 ± 1.69

Pre- versus post-treatment within each group: *P < 0.05. Placebo versus normal groups post-treatment: †P < 0.05; §P < 0.01. Hb, haemoglobin; FEP, free
erythrocyte protoporphyrin; SF, serum ferritin.

Table 3. Cases with abnormal waveforms

Pre-treatment Post-treatment
Total No. cases with No. cases with

Group n (%) abnormal waves (%) abnormal waves (%)

Treatment (T) 33 12 (36.4) 7 (21.2)*
Placebo (P) 34 12 (35.3) 20 (58.8)†

Normal (N) 30 5 (16.7) 5 (16.7)
P-value Pre-treatment Post-treatment

differences differences
between groups between groups

N-T > 0.05 > 0.05
N-P > 0.05 = 0.001
T-P > 0.05 = 0.002

Pre- versus post-treatment in each group: *P = 0.174; †P = 0.052.



In relation to the severity of these abnormalities, the trend
was towards increasing severity in the placebo IDA group
compared with decreasing severity in the treatment IDA
group (as illustrated in Fig. 1).

Table 4 shows the data on latencies and amplitudes for the
three groups. Pre-treatment, the P3 absolute latencies of both
IDA groups were significantly longer than those of non-
anaemic controls (P < 0.01). Post-treatment, these differ-
ences were reduced but were still statistically significant
(P = 0.05) in the case of the placebo IDA subjects compared
with the non-IDA controls. However, the P3 absolute laten-
cies were no longer significantly different between the
treated IDA subjects and the non-IDA controls (P > 0.1).

There were clear reductions on N1 and P3 peak latencies
in both treatment and placebo groups between the pre- and
post-treatment testing, but this reduction was less in the
placebo group than in the treatment group.

Table 5 shows the results for IQ testing. Despite a trend
towards lower scores in both IDA groups compared with
non-IDA controls pre-treatment, there were no statistically
significant differences. However, the treatment group was

significantly higher compared with the placebo IDA group
after treatment (P < 0.05).

Discussion
Iron is an essential trace element in the human body. It is well
established that although mild IDA often has few obvious
clinical symptoms it can adversely affect higher cerebral
function, particularly in children during their vigorous and
vulnerable stages of psychomotor and physical develop-
ment.16–22 The present study was undertaken to explore
whether any evidence of cognitive disturbance could be
found through neurophysiological assessment (such as ERP)
or by psychological evaluation (such as IQ testing). Event-
related potentials have already been used in the diagnostic
assessment of various diseases other than IDA; for example,
epilepsy, Down syndrome, schizophrenia, Parkinson’s dis-
ease and  diabetes mellitus.12,23–26

Our data show that IDA is associated with significant
changes in latency prolongation of P300 and distortion of
P300 waveforms, suggesting that IDA causes cognitive dis-
turbances in children. It was particularly noteworthy that
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Fig. 1. Auditory event related potentials recorded in
a normal subject (a), a subject with iron deficiency
anaemia (IDA) in the placebo group (b), and a sub-
ject with IDA in the treatment group (c) to frequent
1000 Hz tones (left) and rare tones (right). Each trial
consisted of approximately 20% rare and 80% fre-
quent stimuli with two trials superimposed. Calibra-
tion marks are 75 ms and 5 µV. Upper and lower
traces for each group show the first and second eval-
uations, respectively. From a, there are no distinct
changes between two traces. From b, the lower trace
shows prolonged P3 latency and more poorly defined
P3 amplitude as compared with the upper trace.
From c, the lower trace shows a more shortened P3
latency and a relatively better P3 component than
does the upper trace.



three IDA subjects had a complete absence of P300 wave-
forms despite their having been able to maintain an accurate
count of the rare stimuli, something that was not seen in any
of the non-anaemic controls. This phenomenon has been
reported previously in the literature in patients with lesions of
the auditory areas of the cerebrum and the neocortex,27,28

where it has been suggested as a sign of compromised cogni-
tive processing.27

The data also show some association between ERP results
and IQ test scores. Previous studies have shown an inverse
correlation between P300 latency and total IQ scores, such as
in epileptic children with disrupted cognitive function where
prolonged P300 latency is accompanied by low IQ scores,12

and in gifted children where higher IQ scores are found
together with short P300 latency.29 Our findings are consis-
tent with this association.

The present study showed that iron supplementation was
effective in treating anaemia, although the more contentious
issue is whether iron supplementation is effective in revers-
ing any cognitive disturbances which may be present. Walter
reported that iron therapy was unable to reverse cognitive
disadvantages, reflected in psychological tests, even after
complete correction of haematological parameters in a
majority of infants with IDA.6 However, Vega-Franco et al.,
looking at older children aged 6 to 11 years, found that 12
weeks of iron therapy had a favourable effect on the attention
spans of IDA subjects.19 Further, Soewondo found that the
alterations in cognitive processes in children aged 3 to 6
years with IDA could be reversed with iron treatment.20

Our data tend to support the more positive view. Treat-
ment of IDA children in the present study was associated
with a highly significant reduction in the latency of P300
(P < 0.002) such that the treated IDA group was no longer
statistically significantly different to the non-IDA controls.
This group also showed a significant enhancement of their IQ
test scores (P < 0.05). There are a number of possible expla-
nations for these positive outcomes. Firstly, the children in
this study were school-aged rather than infants. Secondly,

their iron deficiency and cognitive impairment were not
severe.

These results also highlight the advantages of ERP testing
as a test of cognitive function in children with IDA in com-
parison with IQ testing. The determination of IQ is influ-
enced by a number of subjective elements, particularly in
children, whereas auditory ERP are objective and require
only minimal cooperation of the subject. They offer quantita-
tive measurement of the extent and severity of cognitive dys-
function,30,31 and the present results show that this is a useful
measure in mild cases of IDA such as were seen here.

In summary, the present study suggests that ERP may be
a very useful tool in diagnosis of minor cognitive disturbance
in school-aged children with asymptomatic IDA. Event-
related potentials were related to IQ scores, and these results
support the conclusion of other authors that ERP may be the
method of choice for longitudinal assessment of pathological
effects on cognitive function.32 Used early in the process of
cognitive damage in children with IDA, ERP may help in the
prevention of irreversible brain damage. It is also possible to
administer this test to infants with IDA in order to confirm
whether there are any cognitive disturbances, given that P300
can be elicited from infants with auditory stimuli through a
passive tone sequence paradigm.33
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