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Abstract :Abstract :Abstract :Abstract :Abstract : In the present study the effects of anemia on cognitive functions
were studied in school going girls aged 8-10 years. The cognitive functions
were assessed by Event Related Potentials (P300) and by the psychometric
tests, i.e., Raven’s progressive matrices test and Digit span attention test.
The girls with Hb < 12 g/dl were classified into anemic and Hb > 12 g/dl into
control group. Hematological values of the control group were significantly
better than anemic group. P300 latency in the anemic girls was delayed as
compared to control group but, no statistically significant difference was
observed for P300 latency and P300 amplitude between the control group
and the anemic group. The psychometric test scores for intelligence quotient
and transformed quotient were also better but not statistically significant
in control group of girls as compared to anemic girls. However, the
hematocrit values showed a significant correlation with the P300 wave
latency showing that the hematological status is associated with some
effects on cognition.
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INTRODUCTION

There is a very high prevalence of
anemia, especially the iron deficiency anemia
(IDA) in the world particularly the developing
countries (1). Prevalence levels in India are
very high with IDA affecting almost 60-90%
of the population, particularly the pregnant
women, young children and adolescents (2,
3). A large number of studies have found
that iron deficient (ID) children are lagging
behind the iron replete children in the

cognit ive  tests  measuring the  g lobal
intelligence scores, learning and memory (3,
4) and the cognitive tests measuring the
specific cognitive deficiencies such as fine
and gross motor skills, visual motor skills
and language and various preschool skills
(5, 6, 7, 8). The reversibility of the harmful
effects of the IDA on the cognition has been
studied after iron supplementation and the
effects have been found to be partially
reversible in some studies (4, 6, 7) and to be
irreversible and persistent in other studies
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(5, 9). Extensive reviews of most of the trials
have shown that in all these trials, at the
best a weak correlation is seen between the
ID or IDA and cognition. Moreover, the
effects of the potential confounding factors
like the socioeconomic status and deficiencies
of  the other micronutrients cannot be
clearly ruled out in any of the studies (10,
11). Electrophysiological tests have been
considered to be more specific regarding the
demonstration of any effects of IDA/ID on
the cognition (10, 11, 12).  In our own
laboratory we demonstrated the delayed
latencies of the auditory brainstem responses
(ABRs) of the IDA children versus the control
children in a group enrolled from the
outpatient department of our hospital (13).
Similar findings in the ABRs have been
observed in the IDA infants (12). ABRs are
an index of the myelination of the auditory
pathways. Iron has been implicated in the
myelination and the development of various
neurotransmitter systems in the brain (14,
15). The brain regions specifically affected
by the ID/IDA include the striatum, nucleus
accumbens, substantia nigra, hippocampus
and the frontal lobes (15). These areas are
also important in generation of the waves of
the  event  re lated  potent ia ls  (ERPs) ,
particularly the P300 which is the most
prominent wave. ERPs are associated with
cognition and information processing, and
are used as  a  measure of  recognit ion
memory. The latency and amplitude of P300
can be used as an index for the assessment
of the neural processing time and the neural
act iv i ty  (16 ,  17) .  Anemia pat ients  on
hemodialysis have shown delayed latencies
of the P300 (18). In our previous study, which
was conducted on the anemic boys from a
school, we were able to find significant delay
in the P300 latency of the anemic group as

compared to non anemic group. Moreover,
the delay in the P300 latency persisted
despite the vigorous iron therapy for 3
months (19). Studies on infants from hospital
outpatient department with age less than 12
months and having IDA have shown delayed
developmental patterns of ERP activity (20);
and also a negative correlation has been seen
between the severity of anemia as assessed
by the hemoglobin levels and the VEP
Latency (21). However, in a study by Otero
et al in school children in the age group of
8 to 10 years, no significant differences in
reaction times and P300 Latency were
observed between control and ID/IDA groups
(22).

MATERIAL AND METHODS

Following our work in anemic boys (19),
we planned another study to assess the
effects of anemia on the cognition in the
gir ls  us ing the  P300 as  an index for
assessment of cognition along with the
Ravens progressive matrices test (RPMT) and
Digit span attention test (DST).

Forty-two school-going girls of 8-10 years
age, from lower socioeconomic status and
living in the same community were subjects
of this study. They were selected after
obtaining detailed history and a thorough
physical examination. Those having any
chronic/acute disease or infection, hearing
and neurological abnormality, hematological
disorder, genetic disorders, jaundice, long
term drug therapy, h/o hospitalization and
h/o hematinic therapy were excluded. Parents
of subjects were informed about the nature
of the study following which a written
consent  was  obtained for  conduct ing
hematological, psychometric and neuro-
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observation,  see the logical  system of
relationship between them and  choose the
figure [from many choices provided] to
complete  each system of  re lat ionship
presented. In the whole process the subject
uses a systematic method of reasoning (24).
RPMT scores were converted into Wechsler’s
equivalent IQ score [RPMT-IQ].

Digi t  span test  (DSAT)  measures
immediate auditory recall, attention, short
term memory and freedom from
distract ib i l i ty  (25) .  Raw scores  were
converted  into transformed quotient (TQ)
using Indian norms available [DSAT-TQ].

Data was analyzed using unpaired t test.
Correlation analysis was done between
various hematological parameters and the
P300 latency and amplitude using Graph Pad
Insat Version 3.10'.

RESULTS

When the  g i r l s  were  ana lyzed ,  the  f o l l owingWhen the  g i r l s  were  ana lyzed ,  the  f o l l owingWhen the  g i r l s  were  ana lyzed ,  the  f o l l owingWhen the  g i r l s  were  ana lyzed ,  the  f o l l owingWhen the  g i r l s  were  ana lyzed ,  the  f o l l owing
f ind ings  could  be  made :f ind ings  could  be  made :f ind ings  could  be  made :f ind ings  could  be  made :f ind ings  could  be  made :

1) Control girls (CG) vs. anemic girls (AG)
(Table I): The hematological parameters
of control group were better than anemic
group especially for Hb/hematocrit and
MCH. The P300 latency and the RPMT
and DSAT scores for the control group
were higher (better) but not significant
statistically as compared to anemic group.
Serum iron profile was not very different
in both groups. No significant differences
were observed in the P300 latency, P300
amplitude, RPMT IQ scores, and the DST
scores (Table I).

2) No correlation between the Hb and P300

physiological tests. Malnutrition was ruled
out using specific anthropometric criteria of
Body Mass Index (BMI) and ratio of mid-arm
circumference to the head circumference.

The hematological assessment included
measurements  o f  Hemoglobin  (Hb) ,
hematocrit (Hct), MCV (Mean corpuscular
volume)  and MCH (Mean corpuscular
hemoglobin); and were detected by electrical
impedance  method using  Coulter
Hematological Particle Counter Model T-890,
Coulter Electronics, UK. Serum Iron (SI),
total iron binding capacity (TIBC) and %age
saturat ion were  measured us ing  the
spectrophotometry. Peripheral blood smear
examinat ion was  done to  study RBC
morphology, particularly size and chromicity
of the RBCs. Presence of microcytosis along
with anisocytosis was also taken as an index
of iron deficiency.

The groups were divided into control (C)
and anemic  (A)  on the basis  o f  their
hemoglobin values with the cutoff Hb value
for anemia taken as < 12 g/dl (5).

For P300 component of auditory events
related potentials (AERP), the standard
procedure  for  recording the  auditory
response to ‘odd ball paradigm’ being used
in our laboratory was performed. SMP 4100
auditory/visual stimulator and  MEB 5200
Neuropack II evoked potential recorder,
Nihon Kohden, Japan, were used for AERP
recording. The P300 waves recorded are
actually an average of large number of
individual waves in each subject (16, 23).

Ravens progressive  matrices test (RPMT)
is  a  test  of  the  person’s  capacity  to
apprehend complex figures presented for her
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TABLE I : Statistical significance between control
girls (CG) and anemic girls (AG) using
unpaired t-test.

Variable CG (n=19) AG (n=23)
Mean±SD Mean±SD

AgeAgeAgeAgeAge (Years) 9.1± 0.59 8.96± 0.498
BMIBMIBMIBMIBMI 16.1± 0.66 15.8± 0.49
HematologicalHematologicalHematologicalHematologicalHematological
Hb (g/dl) 12.7± 0.44 10.1± 1.96**
Hct (l/l) 0.38± 0.01 0.30± 0.06**
MCV (fl) 91.0± 8.74 86.2± 9.99
MCH (g/dl) 31.0± 3.43 28.8± 3.52*
SI (µg/dl) 78.0± 30.0 68.0± 35.00
TIBC (µg/dl) 326.0± 50.0 308.0± 38.00
%saturation 24.9± 11.66 22.1± 10.54

P300P300P300P300P300
P300 Latency (ms) 351.5± 27.13 366.0± 29.63
P300 Amplitude (µV) 10.6± 5.10 10.9± 4.66

Psychometr icPsychometr icPsychometr icPsychometr icPsychometr ic
RPMT Derived IQ Score 101.4± 9.76 96.2± 9.52
DSAT Transformed Quotient 98.0± 15.28 94.2± 12.84

P<0.001**; P<0.05*

values, the RPMT IQ scores and DST TQ
scores was observed.

3) Similarly, no correlation between the
hematocrit and P300 values was observed
when the anemic group and control group
data was analyzed individually. However,
when the data from the anemic girls and
control girls was pooled, a significant
correlation between hematocrit and P300
latency was observed: ‘Graph Pad Insat
Vers ion 3 .10 '  was  used and non
parametric correlation applied [Spearman
Rank Correlation]: Spearman r = –0.3097
(corrected for  t ies)  95% confidence
interval:  –0.5672 to  0.003011 . The  two-
tailed P value = 0.0460, considered
significant (Fig. 1).

4) There was no significant correlation
between other hematological parameters

Fig. 1 : Correlation (Spearman r = –0.3097; P=0.04) between hematocrit and P300 latency
for all control and anemic group values (done on Graph Pad Insat Version 3.10).



238 Bandhu et al Indian J Physiol Pharmacol 2011; 55(3)

and the P300 parameters, the RPMTIQ
scores and DST TQ scores.

DISCUSSION

In the present study, the Hb < 12 g/dl
has been taken as the main criteria for initial
classification into the anemic and control
groups. In population with high incidence of
anemia, the Hb values are an important
criteria for detecting iron deficiency taking
Hb < 12 g/dl as the dividing line. Moreover,
even in non iron deficient anemic groups,
the Hb remains a critical deciding factor so
that the values below cut off of Hb < 12 g/dl
are associated with documented cognitive
deficits and the improvement in Hb results
in improvement of the neurophysiological
parameters in anemic groups (18, 26, 27).
The results show that the anemic school
going girls have a clearly lower value for
Hb, hematocrit and the MCH. The latency
values of the P300 waves in the anemic
groups were delayed but, the significant
difference with respect to control group of
girls was not present.

In a similar study done by Otero et al in
children in the age group of 8 to 10 years
and from a school going population, the P300
latency and amplitude values as well as the
reaction times were observed and compared
in the control and iron deficient anemic
groups. There was no significant difference
observed with respect to the P300 latency
and amplitude values between the control
and the anemic groups, however, the iron
supplementation in the anemic children
brought up the P300 wave forms to normal
shapes in central (Cz) and parietal (Pz)
regions (22).

In the present study the hematocrit has
shown a significant correlation with the P300
latency so that the greater hematocrit values
are associated with lesser P300 latency. This
shows that the hematological status is
correlated with the P300 latency, but its
effect/association with P300 latency in the
studied age group remains weak. Similar
correlation between the hematocrit and the
P300 latency and the EEG wave patterns has
been observed by  Pickett  et  a l  (26) .
Moreover, the improvement in hematocrit
resulted in substantial improvement in the
P300 latency values in patients suffering
from chronic renal failure as shown by the
decrease in P300 latency values, and reduced
slowing of the EEG waves (26, 27).

Additionally, in a few studies done on
infants with ID and IDA it has been shown
that these are not associated with any delay
or difference in the latencies of the BAEPs
when compared with control iron replete
groups (28, 29) It has been proposed by
various reviews of all the studies on ID/IDA
and cognition done till date that it may not
be the ID/IDA alone but a comprehensive
effect of several macro and micronutrient
def ic iencies ,  environmental  and social
deprivations that causes the deficits in
cognition and that the association between
ID/IDA and cognitive deficits is not very
strong (10, 11). In our similar study on boys,
significant differences between the IDA and
control groups for P300 latency values was
observed (19); however, differences observed
in the current study are not significant. The
subjects of the current and previous studies
were  careful ly  chosen from s imi lar
background and socioeconomic status to
minimize the confounding effects of these
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on the study and most importantly were from
the normal population of  school  going
children instead of the hospital admissions/
out patients. A possible explanation of the
differential effects observed in the present
study as compared to the previous study
could be due to gender differences in the
brain development, as the neuro-anatomical

development and functional connectivity has
been found to be different in the males and
females (30). A further study with a greater
sample size is required to establish the role
of anemia along with other nutritional,
environmental and social factors in causing
the observed cognitive deficits in the affected
populations.
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