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Abstract

Background: Data on iron deficiency anemia (IDA) and cognitive function in Indian children aged 5-10 years is limited.
Objective: To study the extent of IDA, its impact on cognition and evaluate the effect of iron supplementation on
cognitive function in children with IDA. Methods: Children aged 5-10 years (n=193) were grouped into overt (group I
n=71,,Ia- received iron supplements, Ib —without iron supplement), latent (group II, n=48, Ila- received iron supplements,
IIb —without iron supplement)) anemia and non anemia (Group III, n=74) categories. Basic hematological investigations
(HB, MCV, peripheral smear and total iron binding capacity) were done at baseline to categorize into groups. Cognitive
function tests were performed at baseline and at the end of the study. Deworming with broad spectrum anthelmintic agent
Albendazole(400mg stat) followed by iron supplements for 3 months was administered to Group la and Ila children.
Results: Of 193 children, 119 (61.65%) had Iron deficiency, seventy (36.27%) had overt anemia and 49(25.397%) had
latent form. Mean + SD Haemoglobin at baseline was 11.80 +1.71gm/dL, MCV 82.07+ 4.69 femolitres, TIBC was
403.58 + 58.77ug/dL. Cognitive functions were significantly (p<0.005) higher in non anemic children. Iron supplements
were administered for 3 months to 58 students. Treatment compliance was 96.0%.Hemoglobin >12gms/dL was seen in
80.83% (156/193) had < 12 gms/dL, after iron supplements; Mean + SD Haemoglobin was 12.76+1.39gm/dL and that of
visual recall, digit span and clerical task changed from 5.63£1.08, 4.03£1.0, and 7.16£1.4, respectively to 6.34 +0.82,
4.35 +0.78 And 7.98 +1.19 respectively. Higher scores were seen in those with Haemoglobin> 12 gms/dL. Conclusion:
Non anemic children perform better than those with anemia; performance of those with latent anemia is better than those
with overt anemia. Iron supplementation helps in improved performance in these children.
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Introduction

these changes may become irreversible which makes
early recognition and treatment crucial. For this reason,
iron supplements are being prescribed routinely in
toddlers and during early childhood as a preventive
measure, which has proved effective [6-7].

Iron deficiency anemia in childhood a common, yet a
clinically important reversible state of malnutrition, has
well established relationship with impaired work
capacity, lowered cognitive functions, impaired
immune responses and growth retardation [1-2].
Cognitive functions (memory, intelligence, and sensory

. . - . Iron deficiency has been linked to lower intelligence in
perception) have been related to intelligence and its

children [8]. Lower iron levels have been associated
with poor academic grades [9-10]. Iron supplements
have shown to improve academic performance [11].
Hence, early recognition, treatment and reversal of

afflictions can affect academic performance and thus
have a greater impact on the psyche, interpersonal
relationship and social life of a child [3-5]. If untreated,
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ultimate. Studies have shown that, of cognitive
functions, the benefit of iron supplementation appears
to be much more evident in the areas of attention,
persistence, concentration, perception, visual motor
coordination and social comprehension [12-13].

Medical fraternity has focused medical care and
nutrition supplements during antenatal care [14], infants
[15-18] and to children who are < 5 years of age [19-
21] to improve the general growth & development and
cognitive functions with positive results but with less
focus on the children between 5-10 years. Availability
of data in the latter age group is limited globally [22]
and but the available data reports iron supplementation
is helpful in improving learning and memory [23-24].
Very few studies [25-26] have documented the effect of
iron on cognitive functions in India. Thus, we
conducted this study in children aged 5-10 years,
belonging to rural area where awareness regarding
nutrition is low, to study the extent of iron deficiency
anemia and its impact on selected tests of cognitive
function. We also evaluated the effect of iron
supplementation on cognitive function in these children.

Materials and Methods

This study was conducted by the Department of
Paediatrics at the Deccan college of Medical Sciences,
Owaisi Teaching Hospital and Research Centre at
Hyderabad, India. We conducted this study after
obtaining approval from the Institutional ethics
committee. Written informed consent was taken from
the parent of the prospective patients prior to screening.
We screened children of age group 5-10 yrs studying in
a Government Primary school in a rural area of
Hyderabad. Demographic data, medical history were
recorded and relevant clinical examination was
performed. Blood investigations for anemia included
Haemoglobin (Hb, measured as gm /dl), Mean
corpuscular volume (MCV) peripheral smear & total
iron binding capacity (TIBC) at baseline to categorize
them into groups; Haemoglobin was repeated at the end
of the study to note the change in the levels. Children
were considered anemic if Haemoglobin levels were <
12gms/dL [27].

Results
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Patients were grouped as follows:

Group-I Overt Anemia: Hb< 12 mg/dl or MCV < 80fl
or  Peripheral  smear-showing  microcyte  or
Hypochromic RBCs & TIBC more than 400 pg/dl.

* Group I A- who received iron supplement

* Group I B — without iron supplement

Group-II Latent Anemia: Hb> 12 gm/dl, MCV > 80fl.
Peripheral smear - Normal, but TIBC > 400 pg/dl.

* Group II A- who received iron supplement

* Group II B — without iron supplement

Group-IIT Non Anemics: Hb> 12 gm/dl, MCV > 80fl.
Peripheral smear- normal & TIBC < 400 pg/dl

Base line cognitive function tests were performed in all
the students using visual recall(PGI memory), clerical
task for discrimination and perception capacity
(NIMHANS-Specific learning disability index), Digit
Span test for attention, short term auditory memory and
sequencing (Dr.C.M.Bhatia’s performance tests of
Intelligence) [28]. Haemoglobin levels were estimated
using Cyanmethemoglobin method, TIBC by Ferrozine
method. Other laboratory tests were done as per the
routine laboratory practice. Students who belonged to
Group IA and Group II A were initially given a broad
spectrum ant helmintic drug (Albendazole 400mg stat)
under supervision by medical staff and then Iron
supplementation with ferrous sulphate tablets (60 mg
elemental iron) daily on all school working days for a
period of 3 months. Compliance was ensured as the
daily administration was done by the parents as
recorded by the parents. At the end of 3 months of iron
supplementation Haemoglobin and Cognitive function
tests were repeated for the participants (193) and
compared with the base line levels and cognitive
function test scores.

StatisticalAnalysis- Data was captured using Microsoft
Excel (2007) worksheets, analyzed with statistical
software Stata 13 and expressed as frequency,
percentages (categorical variables), mean and standard
deviation (SD), median and ranges.Resultdescribed
descriptively using tables and figures. The paired t test
and unpaired t test was used as applicable.

Total study period was three months, of which total number of working days was 78. We enrolled 193 children of whom
115 (59.59) were boys; mean (+SD) age of participants was 7.87+ 1.42 minimum of 06 years maximum of 10 yrs and
median age was 08 years. Table 1 shows the demographic distribution among the study population.Of 193 children, Iron
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deficiency was seen in 119 (61.65%), those with overt deficiency were 70 (36.27%) and with latent deficiency were 49
(25.39%).

Table-1: Demographic distribution among study population.

Group n Boys Girls Age
n (%) n (%)
Mean SD Range

I 71 39 32 7.87 1.4435 5-10
A 35 19 (54.28) 16 7.77 1.41

(49.29%) 5-10
B 36 20 (55.56) 16 7.81 1.44

(50.7%)

II 48 30 18 7.87 1.438 5-10
A 23 15 (65.25) 08 7.82 1.43

(47.9%) 5-10
B 25 15 (60%) 10 7.79 1.41

(52.1%)
111 74 46 28 7.85 1.40 5-10

Table 2 tabulates the baseline values Haemoglobin, MCV, TIBC among study population. Mean + SD Haemoglobin at
baseline was 11.80 £1.71gm/dL, MCV 82.07+ 4.69 femolitres, TIBC was 403.58 + 58.77ug/dL.

Table2: Haemoglobin, MCV, TIBCamong study population at baseline.

Hb in gm/dL MCV TIBC
Group n Mean Range Mean (SD) Range Mean Range
(SD) g g (SD) g
5 ;é _— 77.71 66844 | 459.00 |, o o
G‘i’ryl: i 9.71 (1.39) : 4.61) 41.61) : :
419.72-
O O T B S L e
B 36 (1.13) Y 78.61 68-84.4 | 449.86 0
O (4.25) (36.11)
11 48
12.33 412.89
?33: fg (0.19) 12-12.9 83.62 (1.96) 80.2-88.9 | (7.29) 401.7-426.7
A 23 (1021250) 12-12.5 83.79 (2.08) 81.2-88.9 ?712';2 401.7-426.7
B ) 12.26 12129 83.45 (1.87) 80.2-87.5 | 415.26 401.9-426.4
0.22) : (6.62)
I 74
13.26 85.24 343.03
23: zztg ©77) 122158 | Jg 80490 | 7e 257.4-388.4

At baseline, mean + SD scores of visual recall, digit span and clerical test was 5.63+ 1.08, 4.03£1.0, and 7.16+1.39
respectively.

On comparison of baseline scores it was observed that students belonging to group III scored significantly better on all
the three tests of cognitive functions. When compared to group I, the group II children scored better in digit span and
clerical task test. But only clerical task test scores were significantly different (Table 3). Statistically significant
difference was seen in Haemoglobin (p=0.001) and clerical task (0.003) when group I was compared to Group II.
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Statistically significant difference (p<0.005) was seen in Haemoglobin levels and cognitive functions when Group I and
IT were compared to Group III, individually (Table 4).

Table 3: Comparison of Haemoglobin and cognitive tests —Baseline.

Group n Hb in gm/dL Visual recall Digit span Clerical Task
Mean Range Mean Range Mean Range Mean Range
(SD) (SD) (SD) (SD)

I 71 9.974 7-11.4 5.42 3-8 3.69 2-7 6.448 4.16-
(1.284) (1.097) (0.994) (1.285) 8.88

II 48 12.233 12-12.9 5.125 3.5-8 3.85 3-7 7.165 5.2-9.2
(0.189) (1.024) (0.989) (1.252)

111 74 13.26 12.2-15.8 | 6.155 4.5-8 4472 3-7 7.875 4.7-9.6
0.772) (0.867) (0.864) (1.192)

Table 4: Comparison of Haemoglobin and cognitive functions between groups at baseline.

Group Hb in gm/dl Visual recall Digit span Clerical task
Ivs1l 0.001%** 0.221 0.501 0.003*

Ivs III 0.001** 0.003* 0.001** 0.001#*

II vs IIT 0.001%** 0.001%#%* 0.001** 0.002%*

Deworming under supervision was done to children who received iron supplements. Iron supplements were administered
for 3 months to 58 students. Treatment compliance was 96.0%.

After 3 months of iron supplementation, 52.86% (37/70) children still had haemoglobin<12gms/d, while 80.83%
(156/193) had < 12 gms/dL (Table 5).

Table-5: Number of children categorized based on Haemoglobin level.

Hb After iron supplement Total
Hb at baseline l < 12 gms/dL >12gms/dL
< 12 gms/dL 36 34 70
>12gms/dL 1 122 123
Total 37 156 193

After 3 months of iron supplementation (iron supplementation given to group 1A AND 2A) Haemoglobin level and
cognitive function test were repeated. Mean + SD Haemoglobin was 12.76+1.39gm/dL at the end of the study; mean
(+SD) scores of visual recall, digit span and clerical task were 6.34 +0.82, 4.35 +0.78 And 7.98 +1.19 respectively. When
compared, Hb values of group II and group III were significantly higher than group I. Group II scored better than group
IT in both visual recall test and clerical task test (Table 6). In all tests, group III scored better than group I. There was no
significant difference in all tests between group I and group II (Table 7).

Table-6: Comparison of Haemoglobin and cognitive functions between groups after 3 months.

Group Hb in gm/dl Visual recall Digit span Clerical task
Ivs1l 0.001%** 0.500 0.396 0.064

IvsIII 0.001%** 0.014* 0.001%** 0.001%*

IT vs IIT 0.949 0.007* 0.053 0.041*

When Haemoglobin was > 12, mean scores were comparatively higher than those with Haemoglobin<12gms/dL (Table

8).
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Table-7: Cross table comparing mean Haemoglobin levels and mean cognitive tests at baseline and after iron
supplementation

After > Visual recall | Visual recall | Digit span. | Digit span | Clerical task. | Clerical task

l base line after iron | Baseline after iron | Baseline after iron
supplement supplement supplement
Base Cat CatB | CatA | Cat Cat A | Cat CatA | Cat Cat Cat Cat Cat
line A B B B A B A B

Category | 5.3 5.45 5.98 6.48 3.61 3.7 3.97 4.47 6.3 6.47 73 7.78
A*
Category | 5.5 5.76 6.5 6.4 4 4.24 4 442 8 7.6 8.8 8.23
B

*Category A — Haemoglobin< 12gms/dL and fcategory B — Haemoglobin> 12gms/dL.

There was no statistically significant difference in cognitive functions between boys and girls among groups and
subgroups at baseline and after 3 months.

Subgroup analysis- There was no statistically significant difference between group IA & IB before iron
supplementation. figure 1 depicts the Haemoglobin and mean scores of cognitive tests at baseline and figure 2 after
supplementation. But after 3 months of iron supplementation group IA scored better in all the test items than group
IB.Before iron supplementation, group IIB scored in all cognitive function tests significantly better than group IIA. But
after iron supplementation given to group IIA they scored better in all the tests than group IIB. Before iron
supplementation, group IA scored better than group IIA in visual recall test. But after iron supplements there was no
significant difference noticed in all the test items.

14 -
mHb
12 A
| Visual recall
10
Digit span
8 .
H Clerical task
6 .
4 .
c
s 5
=
0 .
Boys Girls Boys Girls Boys Girls Boys Girls
Group la Group Ib Group lla Group lib
mHb 9.907 9.47 10.37 10.05 12.15 12.3 12.28 12.22
B Visual recall 55 5.37 5.22 5.62 4.66 4.62 5.4 5.8
Digit span 3.789 3.56 3.6 3.81 3.46 3.37 3.86 4.8
M Clerical task| 6.35 6.46 6.164 6.9 6.59 7.11 7.34 7.78

Figure-1: Comparison of Haemoglobin and cognitive functions among anemic boys and girls at baseline.
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B Hb 16 1
B visual recall 14
Digit span 12 1
M Clerical task 10 1
8 -
s 6
[<}]
= 4 A
2 -
0 -
Boys Girls Boys Girls Boys Girls Boys Girls
Group la Group Ib Group lla Group lib
B Hb 13.06 12.76 10.78 10.29 14.2 14.18 12.6 12.35
M Visual recall| 13.06 6.59 5.85 5.96 6.5 6.56 5.7 5.85
Digit span 4.47 4.43 3.95 4.06 4.46 4.62 3.93 4
B Clerical task 7.61 8.15 7.02 7.5 8.26 8.56 7.56 7.64

Figure 2: Comparison of Haemoglobin and cognitive functions among anemic boys and girls after 3 months.

There was no untoward effect was reported by the study participants.

Discussion

Nutritional deficiencies are major concern in pediatric
practice. Though it is a global trend, prevalence is more
among developing and underdeveloped South Asian
countries [4,27,29] though showing some declining
trend due to enforcement of anemia surveillance
programs and supplementation [30]. Deficiency of
micronutrients including that of iron and its relationship
to cognitive and physical functions in childhood in
Indian children has been reviewed by Swaminathan S et
al [31].

Of all the nutritional deficiencies, Iron deficiencyis the
most common clinical entity. Its relationship to neural
development [32], development of neuropsychological
domains [33], cognitive functions, behavioral, overall
growth and development of the child has been
recognized [34-37]. Falkingham M et al [13] though
reported positive association in children > 6 years but
stated the requirement of further studies. However,
there are reports of negative association between iron
deficiency and cognitive development [38] indicating
requirement of further research in this therapeutic area.

Most of the studies have been done during early
childhood; few studies have been done in 5-10 years
age group which have documented lower cognitive
functions and strongly recommended iron supplements
to improve the declining cognitive functions [39].
Studies have shown neural development continues
beyond infancy and that of higher order cognitive

functions continue still further till adulthood [40]. Thus
intervention in this stage is expected to limit the
progress and improve the perturbed cognitive functions.
Most of the studies on Iron deficiency have been
conducted in urban parts of India [31]. We included
children from rural part of Hyderabad, India, where
most of the population were just above the poverty line
and belonged to lower middle class group. The major
source income of the population comes through
Agriculture and labor. We screened children studying
in a Government primary school whose diet at home is
nutritionally deficient. These children are recipients of
mid day meal program offered by the Government
which comprises~ 25% of recommended dietary
intake.Previous studies have recorded that iron
deficiency anemia is more prevalent in lower
socioeconomic group [41]. Though our study is
supportive of this, we cannot conclude as we did not
include children from upper middle and higher
socioeconomic class of our society. Anemia was
recorded in 61.65% of study population indicating the
severity of the underlying problem. This does not depict
the entire pediatric population of that area; it is just the
tip of the iceberg directing the requirement of more
research in this field.

Evidences relate worm infestation to lower cognitive
functions [42-45] studies have shown better rate of
improvement with deworming and iron supplements
[46]. Deworming before iron supplementation is
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routinely followed in clinical practice; thus, we
dewormed only the participants who received iron
supplements before initiating.

After iron supplements, there was an increase in
Haemoglobin levels; 80.83% (156/193) had < 12
gms/dLwhile 52.86% (37/70) children still had
haemoglobin<12gms/dL. We observed that with
increase in Haemoglobin had positive association to the
cognition, confirming lower cognitive functions in
anemic children compared to non anemic, and we did
not find any gender difference.Among the anemic
children statistically significant (p=0.003) difference
was noted only in clerical task, without any difference
in memory and visual recall between overt and latent
anemic children. An interesting observation was girls in
group II (A) had significantly higher mean
Haemoglobin as compared to boys and group II (B)
girls scored better in Digit Span. All the other
differences between the boys and girls were not
significant. Deworming was done for all children to rule
out the possibility of worm infestation as one of the
cause for anemia considering their social background.
Iron supplements were administered for three months
(on working day) and we observed good therapeutic
compliance of 96%. Oral supplement was well tolerated
by our study population.

After supplementation, there was increase in
Haemoglobin in all children as expected. Improvement
in test scores was similar to baseline with better
performance by those in group III. Among the groups,
there was statistically significant (p <0.005)
improvement in those who received iron supplement
compared to those who did not.

As early as in 1985, Gopaldas T et al [47] observed
anaemic children scored better than the non-anaemics
with respect to digit span, while in other two tests non-
anaemics faired better, highlighting the impact of iron
deficiency in school children, a problem which was
considered oblivious in this population. They noted a
statistically significant improvement in visual recall,
digit span, and clerical task test after iron
supplementation for 90 days at either dose (30 mg and
40 mg of elemental Fe) in school children with
haemoglobin</= 10.5gm/dL. In contrast, our study
noted better performance by non-anaemic children than
their anaemic counterparts in all three tests, but support
the latter fact. Later, in 1989, Seshadri S et al[26],
discussed four studies, conducted in 5-15 years which
showed improvements in cognitive functions varying
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from varying levels of improvement, clear beneficial
effects to significantly improved scores.

Iron supplements have shown positive results in terms
of improved cognition in anemic in adolescent Indian
girls[48], and our results are supportive of this. This
study was done in children from Government primary
schools, similar to ours.

Global studies too have inked the positive association
between iron deficiency and cognition. Falkinghamet
al[13] in their meta-analysis of the 14 studies, observed
improvement in intelligent quotient in anemic children
with iron supplementation. Cross-sectional study in
Combodian school children > 5 years proved the inter
relationship between iron deficiency and decline in
cognitive functions. In this study, unlike our study, iron
deplete boys fared lower than their counterparts (girls).
This study showed even low levels of iron, in the
absence of anemia can result in lower cognitive
functions [24].

Short duration of study and small study population bars
us from drawing concrete conclusion. Minimal
laboratory investigations were done due to cost factor.
Serum ferritin levels would have better indicators, but
was not done as it was expensive.We did not correlate
socioeconomic background and strata, diet,parental
awareness, physiological changes, coexisting illnesses
which would have contributed to iron deficiency and
anthropometric measurements to anemia which would
have been wuseful information. Correlation with
academic grades would have confirmed our finding.We
administered oral formulations of iron supplements.
Though we did not measure academic performance of
these children, improvement in cognitive functions
indirectly help to perform better.

Considering the age group, improvised palatable
formulations would have been more acceptable.
Though there have been reports of unpleasant
experiences with oral formulation such as hard and dark
coloured stool, abdominal symptoms, none of our
participant complained this. This could be due to prior
information provided.

Our study strengthens the hypothesis that iron
deficiency anaemia leads to diminished cognitive
functions and iron supplementation improves cognitive
functions, supporting the national Iron plus initiative for
anaemia control program. However, at the backdrop of
contradictory results on the improvement of cognitive
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functions in children from various studies, we need
more randomized trials to arrive at a definite
conclusion. We emphasize on regular deworming, and
supplement therapy especially in the children of
primary school for their future success. In addition,
parental awareness about balanced diet, nutrition,
medical care would add to strengthen the existing
programmes.

Conclusion

Non anemic children perform better than those with
anemia; performance of those with latent anemia is
better than those with overt anemia. Iron
supplementation helps in improved performance in
these children.
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