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Effect of iron supplementation on biochemical indices of iron status
in selected pre-adolescent schoolgirls in North West Frontier Province,
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A study was carried out on eight to 11 year old schoolgirls to assess the prevalence of iron deficiency
anemia (IDA) and to study the impact of iron supplementation on the biochemical indices of iron
status. The children were characterized iron deficient anemic if their serum ferritin levels (SF) were
=< 12 ng/ml and hemoglobin (Hb) < 12 g/dl or hematocrit (Hct) < 35%. In a double blind trial, the
anemic and non-anemic children were randomly selected for the treatment and control groups. All
the groups received multivitamin tablets daily, the treatment group received an additional 76 mg
elemental iron per day for 11 weeks. The prevalence of IDA in these children was found to be 35%.
The supplementation caused a significantly (P<0.05) greater change in SF (20 ng/ml); Hb (1.5 g/dl)
and Hct (3%) of the anemic treatment group compared to the corresponding control group. The
non-anemic treatment group also showed a significantly greater change in SF (9 ng/ml); Hb (0.78 g/
dl) and Het (1.3%) than that of the control group. An increase in biochemical indices of the non-

anemic treatment indicates that this group’s initial iron status was only marginally adequate.

Introduction

Iron deficiency anemia is widely prevalent around the
world affecting about 700 to 800 million people in less
developed countries and 60 to 70 million in developed
countries’. On a regional basis, South Asia and Africa
have the highest prevalence with an estimated rate of
more than 40% in all age groups except for adult males
and pregnant women, the latter group is the most
vulnerable to anemia with an estimated prevalence rate
of more than 65% in South Asia-.

In Pakistan, iron deficiency anemia is a major nutri-
tional problem among all age groups. The most vulner-
able groups are preschool children and pregnant and
lactating women. According to a recent National Nutri-
tional Anemia Survey*, iron deficiency in children has
accounted for 83% of all anemia. Its main cause appears
to be nutritional, ie dietary intake is insufficient to meet
the physiological needs of the body. Other contributing
factors considered to be responsible for iron deficiency
anemia are low purchasing power of the people, low
bioavailability of iron from cereal-based diets, poor
dietary practices and poor hygiene and sanitation which
increase the risk of infection and worm infestation.

There is increasing evidence®? that iron deficiency not
only impairs the immune function, cognitive and schol-
astic performance but also adversely affects the
behavioral and physical activity of the children. In the
North West Frontier Province, there is a paucity of data
on the prevalence of iron deficiency anemia in different
age groups and no study related to iron supplementation

has been carried out on pre-adolescent girls. The present
study is therefore designed to assess the prevalence of
iron deficiency anemia in eight to 11 year old schoolgirls
as well as to investigate the impact of iron supplement-
ation on the biochemical indices of the iron statusin these
girls.

Materials and methods

Iron supplementation study was carried out in the Bannu
district which is about 120 miles south of the North West
Frontier Provincial capital, Peshawar. Permission to
conduct a study in schools was sought from the District
Education Officer of Bannu. Two girls’ schools were
chosen from which 220 eight to 11 year old girls were
selected randomly after obtaining informed consent from
their parents. All children were physically and clinically
examined by the paediatrician and those having the
symptoms of illnesses and nutritional deficiencies other
than iron deficiency were excluded from the study.

One hundred and ninety-nine healthy children were
left after initial screening. About 7 ml venous blood
sample was obtained from each girl and put in serum
separation and EDTA containing tubes for biochemical
assays. Serum ferritin, hemoglobin, hematocrit, trans-
ferrin saturation, mean corpuscular volume, mean
hemoglobin concentration and mean corpuscular
hemoglobin concentration were determined by the
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Table 1. Baseline biochemical values* of the anemic and non-anemic groups.

Group SF Hb Hect TS MCvV MCH MCHC
(ng/ml) (g/d) (%) (%) () (rg) %)

Anemic 9.54*1+2.08 11.16°+1.15 34.33°+1.24 12.83°+1.35 76.61°%1.18 24.90°+1.72 32.48°+1.18

(n=69)

Non-Anemic 27.91°42.36 13.13°%+1.23 38.27°+1.35 17.76°%£1.73 82.54°+1.45 28.34°+1.69 34.37°+1.35

(n=70)

Anemic 9.40°+2.16 ~ 11.07°£1.09 34.17°+1.28 12.90°+1.58 76.63°+1.23 24.77°+1.35 32.31°+1.12

Treatment

(n=35)

Anemic 9.68°+2.33  11.26°t1.28 34.50°+1.16 12.76*+1.36 76.59°+1.08 25.03*+1.73 32.652+51.26

Placebo i

(n=34)

Non-Anemic 26.66°+2.31 13.07°%+1.25 38.20°+1.29 17.59°+1.85 82.11°+1.70 28.23+1.47 34.25°+1.16
Treatment

(n=35)

Non-Anemic 29.17°+2.45 13.17°+1.18 38.34°+1.42 17.96°+1.5 82.97°+1.58 28.46°+1.34 34.49°+1.32
Placebo

(n=35)

*Mean * Standard Error of Mean.
tMeans in columns with the same letter are not significantly different at P<0.05 level.

Table 2(a). Mean changes in biochemical values of the anemic and non-anemic groups after iron supplementation.

Group SF Prob>[T] Hb Prob>[T] Hect Prob>[T} TS Prob>[T}
(ng/ml) (g/dl) (%) (%)

Anemic 10.69 0.0001 0.72 0.0001 1.29 0.0001 2.15 0.0001

(n=59)

Non-Anemic 4.63 0.0001 0.33 0.0001 0.67 0.0001 0.96 0.0001

(n=60)

Anemic 20.00 0.0001 1.50 0.0001 2.73 0.0001 4.35 0.0001

Treatment

(n=30)

Anemic 1.07 0.1464 -0.08 0.5257 -0.21 0.5065 -0.13 0.5747

Placebo

(n=29)

Non-Anemic 8.58 0.0001 0.75 0.0001 1.55 0.0001 2.09 0.0001

Treatment

(n=31)

Non-Anemic 0.41 0.6919 -0.11 0.3120 -0.28 0.3921 -0.26 0.3559

Placebo

(n=29)

Table 2(b). Mean changes in biochemical values of the anemic and non-anemic groups after iron supplementation.

Group MCV Prob>[T] MCH Prob>[T] MCHC Prob>[T]
1) (pg) (%)

Anemic 1.64 0.0001 1.17 0.0001 0.85 0.0001

(n=59)

Non-Anemic 0.65 0.0001 0.43 0.0001 0.22 0.0001

(n=60)

Anemic 3.70 0.0001 2.53 0.0001 1.77 0.0001

Treatment

(n=30)

Anemic -0.48 0.3156 -0.24 0.3629 -0.10 0.5578

Placebo

(n=29)

Non-Anemic 2.00 0.0001 1.03 0.0001 0.54 0.0001

Treatment

(n=31)

Non-Anemic -0.79 0.0800 -0.21 0.3259 -0.14 0.3548

Placebo

(n=29)
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methods as recommended by the International Commit-
tee for Standardization in Hematology'®3.

For the purpose of categorizing the children into the
anemic and non-anemic groups, iron deficiency anemia
was defined as serum ferritin: < 12 ng/ml and hemo-
globin < 12 g/dl or hematocrit < 35%. Of 199 children,
69 met the criteria of iron deficiency anemia and were
randomly divided into treatment and placebo groups.
The children whose biochemical values of iron status
were above the standard cut off values were categorized
as the non-anemic children. Of 88 non-anemic children,
70 children were randomly chosen and equally divided
into treatment and control groups. Of the remaining 42
girls, 17 refused to give blood while 25 did not fall under
the criteria of the anemic and non-anemic girls. The
sensitivity of the diagnosing criteria was assessed by
selecting a cut-off point of 1 g/dl rise in hemoglobin value
of the anemic group following iron supplementation.

All children in the treatment and control groups
received a multivitamin tablet, the treatment group
however received an additional 76 mg of elemental iron
in the fcrm of ferrous gluconate tablets per day for 11
weeks. At the end of the supplementation period, about
7 ml of blood was collected from the treatment and
control groups for biochemical assays. Twenty girls, 10
each from the anemic and non-anemic groups refused to
give blood. Therefore, the final sample size was reduced
from 139 children to 119 children. All the biochemical
tests which were carried out before the iron supplement-
ation were repeated in a similar fashion following the
recommended procedures'®3.

The biochemical data was entered into the computer
for error checking and statistical analysis. A Statistical
Analysis System (SAS) software program was used to
perform the statistical analyses'*'>. Analysis of variance
was run on the baseline biochemical values to compare
mean . differences among the treatment and control
groups. A paired-wise comparison of the mean differ-
ence between the biochemical values of the anemic and
non-anemic groups was run to determine the effect of
treatment on the biochemical parameters of the iron
status. Analysis of co-variance was employed by keeping

the pretreatment level of the ifon parameter as a co-
variate for the corresponding post-treatment value and
to compare the mean difference among the different
groups.

Results

Table 1 depicts the baseline mean biochemical values of
the anemic and non-anemic groups. As evident from the
table, at the baseline there were significant (P<0.05)
differences between the anemic and non-anemic groups
in terms of their mean serum ferritin (SF), hemoglobin
(Hb), hematocrit (Hct), transferrin saturation (TS),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) levels. However, there were no
significant (P>0.05) differences in the mean biochemical
values of the iron status between the treatment and
placebo of the anemic and non-anemic groups.
Paired-wise comparisons (Table 2) within a group
demonstrated that the administration of iron resulted in a
significant increase in SF (20 ng/ml), Hb (1.5 g/dl), Het
(2.73%), TS (4.35%), MCV (3.70 fl}, MCH (2.53 pg)
and MCHC (1.77%) levels of the anemic children. Iron
treatment in the non-anemic children also resulted in an
increase in their biochemical levels, but the change in this
group was signficantly (P<0.05) lower than that in the
anemic treatment group. Conversely, with the exception
of SF, all other biochemical values of the placebo group
were decreased by the end of the supplementation trial.
Table 3 shows the adjusted changes (T2-T1) in bio-
chemical values of the anemic and non-anemic as well as
the treatment and placebo groups. Iron supplementation
resulted in significantly greater changes in biochemical
values of the anemic treatment group compared to their
corresponding non-anemic treatment as well as placebo
groups. There was also a significant (P<0.05) interaction
between the two independent variables (treatment X
iron status) for all of the dependent variables of iron
status. The interaction showed that treatment had a
significantly higher effect on the biochemical values of
the anemic group compared with those of the non-

Table3. Adjusted mean changesin biochemical values* of the anemic and non-anemic groups after iron supplementation.

Group SF Hb Het TS MCV MCH MCHC
(ng/ml) (g/d)) (%) (%) €} (rg) (%)
Anemic 9.76*t+ 0.67°+ 1.122+ 2.51%+ 1.00°+ 0.812+ 0.41°%
(n=59) 1.52 0.14 0.28 0.31 0.38 0.25 0.14
Non-Anemic 5.26°+ 0.36°+ 0.78°+ 0.52°+ 1.20°+ 0.75°+ 0.62°+
(n=60) 1.50 0.14 0.28 0.30 0.38 0.25 0.13
Anemic 19.23%+ 1.47°+ 2.59°+ 4.72°+ 3.15°*+ 2.19°+ 1.27°%
Treatment 1.69 0.74 0.33 0.35 0.45 0.30 0.18
(n=30)
Anemic 0.29°+ -0.13%+ 0.36°+ 0.31°+ -1.15%+ -0.57°% ~0.45°+
Placebo 1.71 0.16 0.34 0.38 0.49 0.29 0.16
(n=29)
Non-Anemic 9.28°+ 0.78°+ 1.69%+ 1.70°+ 2.513+ 1.343+ 0.922+
Treatment 1.58 0.16 0.32 0.35 0.43 0.28 0.16
(n=31)
Non-Anemic 1.25%+ —-0.07°+ —-0.13%+ -0.66°+ —-0.11°+ 0.15°+ 0.32°+
Placebo 1.78 0.17 0.34 0.36 0.49 0.30 0.17
(n=29)

*Least Square Mean * Standard Error of Mean.

+Means in columns with the same letter are not significantly different at P<0.05 level.
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anemic group. The increase in the anemic treatment
group was about twofold greater than that of the non-
anemic treatment group. Conversely, the biochemical
values of the placebo groups remained significantly lower
than those of the treatment groups.

Using the established criteria (SF < 12 ng/ml and Hb <
12 g/dl or Het < 35%) of iron deficiency anemia, the
prevalence of iron deficiency anemia in the study popu-
lation was found to be 35% while a sensitivity of
diagnosing criteria (based on an increase in Hb level of 1
g/dl following iron supplementation) in the anemic
treatment groups was found to be 88%.

Discussion

The biochemical data indicate that the children in the
study population were not severely anemic; most of the
children were mild to moderately anemic. The lower
severity of anemia in these children might be attributed
to: i) the children’s prepubertal age where the demand
for iron is relatively small and thus the risk for anemia is
low; and ii) the study site, ie the study was limited to
urban schools where children had come from relatively
well-off families. These children also had access to better
health care facilities, better hygiene and sanitary con-
ditions and the availability of animal products compared
to their rural counterparts. Thus, the prevalence of iron
deficiency anemia which we found in the urban school-
girls may be lower than that prevalent in the rural
population.

Changes in the biochemical values of the anemic and
non-anemic groups following iron supplementation
showed that the main effect of treatment to cause these
changes was not equal in both the groups. The anemic
children treated with iron had shown a significantly
higher response to the treatment than their non-anemic
peers. The notion that supplementation was more effect-
ive in the anemic group could be explained in part to its
increased iron absorption and its effective utilization in
the body. Our results of supplementation studies are in
line with the results of other larger studies conducted in
Indonesia and Thailand®'7,

The results of this study clearly indicate that iron
treatment was effective in correcting iron deficiency
anemia in the pre-adolescent schoolgirls. The iron
indices response to iron treatment was reasonably good
so that one could eliminate the possibility of other
anemia associated simultaneously with iron deficiency
anemia. An increase in hemoglobin level of 1 g/dlin 88%
of the anemic treatment children further confirms that
these children were correctly diagnosed. The results also
support the earlier researchers’ hypothesis of an increase
in Hb of 1 g/dl as a yardstick of measuring supplement-
ation effectiveness.

It is also noteworthy to mention that there were
decreases in the mean hemoglobin, hematocrit and
transferrin saturation values of the control group despite
having the normal intake of folate, B12 and other
vitamins. This also suggests that the children of the
control group were free from folate and B12 deficiencies;
otherwise, hemoglobin and hematocrit values would
have increased at the end of the trial. However, a
decrease in the iron indices of the control group might be
attributed to a decrease in the dietary iron intake of

children during the iron supplementation period. The
change in the body nutrient status is usually accompanied
by a change in the dietary intake during seasonal
variations.

Conclusion

A significant positive change in the biochemical indi-
cators of the iron status in both the anemic and non-
anemic children after iron supplementation indicates
that the dose and duration of iron supplementation were
well balanced. Iron treatment in the anemic children not
only corrected the iron deficiency deficits but also
significantly increased the biochemical values which
reflects the body’s iron status. An increased response to
iron treatment in the anemic children was expected
because of increased iron absorption and utilization in
these subjects, which in turn varifies that the iron
deficient anemic children were correctly diagnosed.

A moderate positive response to iron treatment in the
non-anemic group could be attributed to the fact that
pretreatment biochemical values of this group were
marginally adequate and had a capacity to replenish and
improve its iron status. In contrast, hemoglobin,
hematocrit and transferrin saturation values of the
anemic and non-anemic children treated with placebo
decreased, even though these children received the RDA
of folate and B12 during the experimental period. This
suggests that these children were free from folate and
B12 deficiencies, otherwise one would have observed an
increment in their hematological values.

This study demonstrates that an optimal dose of iron
supplementation is the fastest, safest and low-cost
therapy for children and other vulnerable population
groups who have increased risk of iron deficiency
anemia. Iron supplementation is the short term pro-
phylactic and therapeutic treatment to prevent and
control iron deficiency anemia in the target population.
The strategy of repleting the body’s iron stores through
iron supplementation may be of particular value to the
health planners of less developed countries where bio-
availability of iron from dietary sources is limited.
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