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Abstract

Background: Anaemia is a silent but deteriorating health problem and Iron deficiency anaemia being very
common in developed countries. It affects approximately 25% of school-aged children globally. 48% of the
children aged between 5 and 14 years are anemic in developing countries. Iron deficiency anaemia adversely
affects aerobic fitness, endurance capacity and efficiency of work. Childhood anaemia poses a major public
health issue leading to an increased risk of child mortality as well as the negative consequences of iron deficiency
anaemia on cognitive and physical development.

Objectives: The present study aimed to assess the prevalence of iron deficiency anaemia among school children
in Sabratha in Western Libya.

Methods: Stratified random sampling technique covering the four geographical zones of Sabratha was used.
Sabratha area is divided into four geographical zones: first, second, third, and fourth. From each zone number
of schools were randomly selected then a sample of children from each school was randomly chosen (males and
females from each age group). A total sample of 711 school children from the selected schools aged (6-14) years
constituted the subjects of the study. Venous blood was collected in tubes containing EDTA. Fresh blood was used
for the estimation of hematological parameters (RBCs indices, Serum iron, and ferritin).

Results: Of the 711 screened school children 11.08% males and 12.90% females were anemic (Hb<12 g/dl).
9.67% females and 8.92% males were having Iron deficiency anaemia (Hb<12 g/dl & serum ferritin<15 ng/ml).
A significant correlation was found between serum iron and serum ferritin in iron-deficient anaemic children
(r-0.99).

Conclusion: It can be concluded that anaemia occurs in all Sabratha area and though at significantly variable
prevalence. The first zone population has the highest frequency of anemia and Iron deficiency followed
by the second. In all zones, males in the age group (6-7) years and females in the age group (11-14) years
were significantly more susceptible to develop anaemia and iron deficiency. Interventional health education
programs should be conducted in schools to highlight the risk factors of anemia as well as to encourage the
intake of miscellaneous diets which include iron-rich foods and fruits that contain vitamin C that enhances iron
absorption.
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INTRODUCTION

Anaemia is a silent but deteriorating health problem
and Iron deficiency anaemia being very common
in developed countries [1, 2]. It is a condition
characterized by reduction in number of red blood

cells or the haemoglobin (Hb) concentration in the
blood is lower than normal or their oxygen-carrying
capacity to meet physiologic needs [3,4]. Anaemia
was defined according to World Health Organization
(WHO) cut-offs as Hb level < 12.0 g/dL for girls and
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boys under 15 years old or 13 g/dL for boys aged 15
years and over. Mild anaemia was defined as Hb levels
between 9.0 g/dL and the cut-off points, moderate
anaemia was Hb 7.0-8.9 g/dL and severe anaemia was
Hb < 7.0 g/dL [5]. It is a global public health problem
affecting both developing and developed countries
and has major consequences for human health as well
as social and economic development [6]. Because of
health and socioeconomic problems, the prevalence of
anemia is higher in developing countries [7]. It affects
roughly one third of the world’s population [8, 9, 10 ]
and over 800 million women and children [10, 11].

Anaemia adversely affects the cognitive performance,
behavioral characteristics and physical growth
of infants, preschool and school-age children. It
also affects the immune status and morbidity
from infections of all age groups and the use of
energy sources by muscles [12,13]. Anaemia in the
adolescence causes reduced physical and mental
capacity and diminished concentration in work and
educational performance, and also poses a major
threat to future safe motherhood in girls [6]. Anaemia
has been shown to contribute to mortality; a recent
meta-analysis of nearly 12,000 children from six
African countries aged 28 days to 12 years indicates
that for each 1 g/dL increase in Hb, the risk of death
falls by 24% [14, 15].

Anaemia affects approximately 25% of school-aged
children Globally [15, 16]. According to the 2001
World health Organization data, 48% of the children
aged between 5 and 14 years are anemic in developing
countries [17, 18]. According to the latest report
of WHO (2011) estimated roughly 43% of children
have anaemia globally which is corresponding to 273
million children [1, 2, 19, 20]). In developing countries
it's not only poverty but social factors also play in poor
nutrition, poor health management among girls in
adolescence as they remain neglected for being a girl
child [1, 2].

Iron is an important mineral for the body which uses it
for the production of hemoglobin, a key pigment of red
blood cells [10, 21, 22]. Iron is required in the final step
of hemoglobin formation; ferrochelatase facilitates
the incorporation of iron into protoporphyrin, thus
forming hemoglobin [23, 24]. It is also a component of
many essential enzymes in the development of cells,
growth of the appropriate cells of the brain, muscle,
and immune system [21, 22].

Iron deficiency is the most prevalent haematologic

disorder during childhood, globally [25, 26]. Iron
deficiency has also been linked to behavioural and
learning problems among children and adolescents
[27, 28]. Iron deficiency anaemia adversely affects
aerobic fitness, endurance capacity and efficiency of
work [28, 29]. It impacts cognition by decreasing the
activity of iron-containing brain enzymes [28, 30].

Irondeficiencyanaemiaisaconditioninwhichanaemia
occurs due to lack of available iron to support normal
red cell production [6, 31]. Iron deficiency develops
when dietary iron intake cannot meet iron needs (e.g.
owing to poor diet, or impaired absorption from high
intake of phytates or phenolic compounds), especially
during periods of life when iron requirements are
especially high (i.e. during infancy and pregnancy),
or iron losses exceed iron intake (e.g. from blood loss
from parasites, childbirth or menstruation) over a
period of time. In the late stages of iron deficiency,
when the body’s store of iron has been depleted, the
supply of iron to support production of red blood
cells is compromised and, as a result, haemoglobin
concentration decreases. Iron-deficiency anaemia is
characterized as a hypochromic, microcytic anaemia
[10].

Iron deficiency is the most widespread and common
nutritional disorder in the world. In spite of the efforts
to decrease the frequency, the prevalence varies in
different parts of the world with higher rates in the
developing countries [32, 33]. Iron deficiency anemia
is the commonest nutritional disorder in the world.
Around 30% of the world’s population are anemic,
mainly due to iron deficiency [4]. The effects of IDA
on children are the most dangerous one because
their bodies are still developing, including the brain,
which is the fastest developing organ in infancy and
early childhood [4]. Childhood anaemia poses a major
public health issue leading to an increased risk of
child mortality as well as the negative consequences
of iron deficiency anaemia on cognitive and physical
development [20]. Causes of anaemia in developing
countries are multi-factorial, which include nutritional
(iron, folate, and vitamin B12) deficiencies, infections
(such as malaria and intestinal parasitic infection,
and chronic illness [6, 34]. Childhood anaemia is
an ecological problem that does not occur alone. It
consorts are poverty, ignorance, unhealthy cooking,
disturbed family structure, poor eating and storing
practices and of course poor knowledge. Socio
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economic factors like neglect of girl child, large family
size and lack of child spacing and poor adoption of
family welfare measures and methods which have
either a direct or indirect effect on childhood anaemia.
Environmental factors like parental education, socio
economic status, standards of living, parental attitudes
and child bearing and rearing practices have a direct
effect on the growth and development of children
[20].

OBJECTIVES

Anaemia affects individuals of both gender and
all ages, there is a need for localized and age- and
context-specific studies to improve our knowledge
of prevalence patterns and associated risk factors of
Libyan population. The present study was done to
determine the prevalence of iron deficiency anaemia
among school children in Sabratha in Western Libya.

MATERIALS AND METHODS
Study Population

Stratified random sampling technique covering
the four geographical zones of Sabratha was used.
Sabratha area is divided into four geographical zones:
first (North East Sabratha zone), second (North West
Sabratha zone), third (South West Sabratha zone),
and fourth (South East Sabratha zone). From each
zone number of schools were randomly selected then
number of children from each school was randomly
chosen (males and females from each age group).

Total sample of 711 children from the selected schools
aged (6-14) years constituted the subjects of the study.
Distribution of samples of school children in Sabratha
area according to age groups, gender and geographical
zones were shown in table 3.1.

Table 3.1. Distribution of samples of school children in Sabratha area according to age groups, gender and

geographical zones.

Zones/ First Second Third Fourth Total
= | & |=|g|=|F|=|¢|= & -
Age graups ) =] » | B ) =] ) =] & © =] NS o °
(years) 2 =8|z @ |5 8| |4 = £
w w w w w
(6-7) 42 | 28 | - | - | 5 [ 3 | 2| 3 | 49 | 69|34 | 48|83 117
(8-10) 43 | 18 | 9 |13 | 12 | 16 | 35 | 37 | 99 [13.9] 84 |11.8|183] 25.7
(11-12) 26 | 25 | 32|29 | 8 | 12 | 26 | 45 | 92 | 12.9| 111 |15.6]203] 28.6
(13-14) 25 | 23 | 42 | 40 | 34 | 26 | 29 | 23 | 130 | 183 | 112 [ 15.7 | 242 34.0
Total 136 | 94 83 [ 82 | 59 | 57 | 92 | 108 | 370 | 52.0 (341 | 48 |711| 100

Blood Samples Collection

Blood sample of 5 ml was collected from each child
by venepuncture and 2 ml were withdrawn into EDTA
vacuutainer tube for complete blood count (CBC)
estimation. The other 3 ml were collected in plain tube
and blood was allowed to clot and serum separated
and stored at +20°C until used for the serum iron,
ferritin, and TIBC estimation.

Haematological and Biochemical Analysis

Automatic blood analyzer (Sysmex KX-21N) used to
analyze the blood samples for CBC according to the
manufacture recommendation.

Further investigations were done for serum iron,
serum ferritin, and TIBC. Manual Kit method and
automatic measurement were used by (Siemens-
Dimension P and plus).

Ethical Considerations

Ethical approvals were obtained from ethical
committee of Sabratha Teaching Hospital, and from

each school determined as a point for samples
collection. Informed consent were taken from all the
participants and their families prior to their inclusion
in this study.

Statistical Analyses

The data were analyzed using GraphPad Prism
software version 5. Chi-square statistical analysis was
done to detect significant value.

RESULTS

Data in table (1) and figure (1) shown the prevalence
of anaemia (Hb<12g/dl) among school children in
Sabratha according to geographical region and sex,
the estimated prevalence of anaemia in males was
18.38%, 7.23%, 5.08%, 7.61%, and 11.08% in the first,
second, third, fourth, and all regions respectively. But,
the prevalence of anaemia in females school children
was 17.02%, 14.63%, 7.02%, 11.11%, and 12.90%
in the first, second, third, fourth, and all regions
respectively.
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Table 1. Prevalence of anaemia (Hb<12g/dl) among school children in Sabratha according to geographical region

and sex
ex Males Females
Region n Number % n Number %
First 136 25 18.38 94 16 17.02
Second 83 6 7.23 82 12 14.63
Third 59 57 4 7.02
Fourth 92 7 7.61 108 12 11.11
All Regions 370 41 11.08 341 44 12.90
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Figure 1. Prevalence of anaemia (Hb<12g/dl) among school children in Sabratha according to geographical
region and sex

The prevalence of iron deficiency (serum Iron <60
pg/dl) among school children in Sabratha according
to geographical region and sex are shown in table
(2) and figure (2). The estimated prevalence of iron
deficiency in both males and females was 25.65%,
12.73%, 1.72%, 11.50%, and 14.77% in the first,
second, third, fourth, and all regions respectively.

But, in males, the prevalence of iron deficiency was
27.94%, 12.05%, 1.69%, 10.87%, and 15.95% in the
first, second, third, fourth, and all regions respectively.
In females, it was 22.34%, 13.41%, 1.75%, 12.04%,
and 13.49% in the first, second, third, fourth, and all
regions respectively.

Table 2. Prevalence of iron deficiency (serum Iron <60 ug/dl) among school children in Sabratha according to

geographical region and sex

ex Males Females Total
Region n Number % n Number % n Number %
First 136 38 27.94 94 21 22.34 230 59 25.65
Second 83 10 12.05 82 11 13.41 165 21 12.73
Third 59 1 1.69 57 1 1.75 116 2 1.72
Fourth 92 10 10.87 108 13 12.04 200 23 11.50
All Regions 370 59 15.95 341 46 13.49 711 105 14.77

29

Archives of Hematology and Blood Diseases V3 .11.2020



Prevalence of Iron Deficiency Anaemia among School Children in Sabratha, Western Libya

O Females |

= 1

| @ Males

30
=
2 25 4
Q
8
=
3 20 -
j=
e
;g 15 -
Q
&
e 10 4
Q
(=]
3
o 5 4

0 4

First region Second
region

Third region Fourth region

Geographical regions

All regions

Figure 2. Prevalence of iron deficiency (serum Iron <60 ug/dl) among school children in Sabratha according to
geographical region and sex

The prevalence of ferritin deficiency (serum Ferritin
<15 ng/ml) among school children in Sabratha
according to geographical region and sex in both
males and females was 52.61%, 30.30%, 21.55%,
20%, and 33.19% in the first, second, third, fourth, and
all regions respectively. But, in males, the prevalence

Table 3. Prevalence of Ferritin deficiency (serum Ferritin
to geographical region and sex

of ferritin deficiency was 55.88%, 27.71%, 23.73%,
15.22%, and 34.32% in the first, second, third, fourth,
and all regions respectively. In females, it was 47.87%,
32.93%, 19.30%, 24.07%, and 31.96% in the first,
second, third, fourth, and all regions respectively
(Table.3 & Figure. 3).

<15ng/ml) among school children in Sabratha according

Sex Males Females Total
Region n Number % n Number % n Number %
First 136 76 55.88 94 45 47.87 230 121 52.61
Second 83 23 27.71 82 27 32.93 165 50 30.30
Third 59 14 23.73 57 11 19.30 116 25 21.55
Fourth 92 14 15.22 108 26 24.07 200 40 20.00
All Regions 370 127 34.32 341 109 31.96 711 236 33.19
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Figure 3. Prevalence of Ferritin deficiency (serum Ferritin <15 ng/ml) among school children in Sabratha
according to geographical region and sex
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The prevalence of iron deficiency anaemia (Hb <12g/
dl - serum Iron <60 pg/dl) among school children in
Sabratha according to geographical region and sex in
both males and females was 15.22%, 7.27%, 5.17%,
6.5%, and 9.28% in the first, second, third, fourth, and
all regions respectively. But, in males, the prevalence

ofiron deficiency anaemia was 15.44%, 4.82%, 5.08%,
5.43%, and 8.92% in the first, second, third, fourth,
and all regions respectively. In females, it was 14.89%,
9.76%, 5.26%, 7.41%, and 9.68% in the first, second,
third, fourth, and all regions respectively as shown in
table (4) and figure (4).

Table 4. Prevalence of iron deficiency anaemia (Hb <12g/dl - serum Iron <60 pug/dl) among school children in

Sabratha according to geographical region and sex

ex Males Females Total
Regio n Number % n Number % n Number %
First 136 21 15.44 94 14 14.89 230 35 15.22
Second 83 4 4.82 82 8 9.76 165 12 7.27
Third 59 5.08 57 5.26 116 6 5.17
Fourth 92 5 5.43 108 8 7.41 200 13 6.50
All regions 370 33 8.92 341 33 9.68 711 66 9.28
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Figure 4. Prevalence of iron deficiency anaemia (Hb <12g/dl - serum Iron <60 pg/dl) among school children in
Sabratha according to geographical region and sex

General Prevalence of iron deficiency anaemia (Hb
<12g/dl - serum Iron <60 pg/dl - serum Ferritin
<15 ng/ml - TIBC<10%) among school children in
Sabratha are present in table (5) and figure (5). In

males, anaemia, Iron deficiency, serum Ferritin <15
ng/ml, and Iron deficiency anaemia were 11.08%,
15.94%, 34.32, and 8.92% but in females were 12.9%,
13.48,%, 31.96%, and 9.67%, respectively.

Table 5. General prevalence percentage of iron deficiency anaemia (Hb <12g/dl - serum Iron <60 ug/dl - serum
Ferritin <15 ng/ml - TIBC<10%) among school children in Sabratha

- Prevalence percentage (%)
Anaemia Iron deficiency serum Ferritin <15 ng/ml Iron deficiency anaemia
Males 11.08 15.94 34.32 8.92
Females 12.9 13.48 31.96 9.67
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Figure 5. General Prevalence percentage of iron deficiency anaemia (Hb <12g/dl - serum Iron <60 ug/dl - serum

Ferritin <15 ng/ml - TIBC<10%) among school children in Sabratha

The prevalence of anaemia among school children
in Sabratha according to age group (years) in both
males and females were 14.46%, 13.11%, 10.34%,
and 11.98% in age groups (6-7), (8-10), (11-12), and
(13-14), respectively. But, the prevalence of anaemia
Table 6. Prevalence of anaemia among school children in Sabratha according to age group and sex

in males was 18.37%, 11.11%, 9.78%, and 9.23%, and
in females was 8.82%, 15.48%, 10.81%, and 15.18%
in age groups (6-7), (8-10), (11-12), and (13-14),
respectively. These data are present in table (6) and

figure (6).

Sex Males Females Total
Age groups n Number % n Number % n Number %
(6-7) 49 G 18.37 34 3 8.82 83 12 14.46
(8-10) 99 11 11.11 84 13 15.48 183 24 13.11
(11-12) 92 9 9.78 111 12 10.81 203 21 10.34
(13-14) 130 12 9.23 112 17 15.18 242 29 11.98
Total 370 41 11.08 341 45 13.20 711 86 12.10
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Figure 6. Prevalence of anaemia among school children in Sabratha according to age group and sex
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Table (7) and figure (7) presented the prevalence of
iron deficiency among school children in Sabratha
according to age group and sex. In both males and
females, the prevalence of Iron deficiency was
20.48%, 12.02%, 16.75%, and 13.22% in age groups

(6-7), (8-10), (11-12), and (13-14), respectively. But,
the prevalence iron deficiency in males was 26.53%,
12.12%, 19.57%, and 12.31%, and in females was
11.76%, 11.9%, 14.41%, and 14.29% in age groups
(6-7), (8-10), (11-12), and (13-14), respectively.

Table 7. Prevalence of Iron deficiency among school children in Sabratha according to age group and sex

Sex Males Females Total
Age groups s) n Number % n Number % n Number %
(6-7) 49 13 26.53 34 4 11.76 83 17 20.48
(8-10) 99 12 12.12 84 10 11.90 183 22 12.02
(11-12) 92 18 19.57 111 16 14.41 203 34 16.75
(13-14) 130 16 12.31 112 16 14.29 242 32 13.22
Total 370 59 15.95 341 46 13.49 711 105 14.77
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Figure 7. Prevalence of Iron deficiency among school children in Sabratha according to age group and sex

The prevalence of ferritin deficiency among
school children in Sabratha according to age
group in both males and females was 54.22%,
34.97%, 26.11%, and 30.58% in age groups
(6-7), (8-10), (11-12), and (13-14), respectively.

But, the prevalence ferritin deficiency in males
was 55.10%, 34.34%, 29.35%, and 30%, and
in females was 52.94%, 35.71%, 23.42%, and
31.25% in age groups (6-7), (8-10), (11-12), and
(13-14), respectively (Table. 8 & Figure. 8).

Table 8. Prevalence of Ferritin deficiency among school children in Sabratha according to age group and sex

ex/ Males Females Total
Age groups s) n Number % n Number % n Number %
(6-7) 49 27 55.10 34 18 52.94 83 45 54.22
(8-10) 99 34 34.34 84 30 35.71 183 64 34.97
(11-12) 92 27 29.35 111 26 23.42 203 53 26.11
(13-14) 130 39 30.00 112 35 31.25 242 74 30.58
Total 370 127 34.32 341 109 31.96 711 236 33.19
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Figure 8. Prevalence of Ferritin deficiency among school children in Sabratha according to age group and sex

The data present in the table (9) and demonstrated
by figures (9) shows the prevalence of iron
deficiency anaemia among school children in
Sabratha according to age group and sex. In
both males and females, the prevalence of iron
deficiency anaemia was 12.05%, 10.93%, 6.90%,

and 9.09% in age groups (6-7), (8-10), (11-12),
and (13-14), respectively. But, the prevalence
iron deficiency anaemia in males was 14.29%,
10.10%, 5.43%, and 8.46%, and in females was
8.82%, 11.90%, 8.11%, and 9.82% in age groups
(6-7), (8-10), (11-12), and (13-14), respectively.

Table 9. Prevalence of Iron deficiency anaemia among school children in Sabratha according to age
group and sex

Sex Males Females Total
Age groups n Number % n Number % n Number %
(6-7) 49 7 14.29 34 3 8.82 83 10 12.05
(8-10) gy 10 10.10 84 10 11.90 183 20 10.93
(11-12) 92 5 5.43 111 9 8.11 203 14 6.90
(13-14) 130 11 8.46 112 11 9.82 242 22 9.09
Total 370 33 8.92 341 33 9.68 711 66 9.28
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Figure 9. Prevalence of Iron deficiency anaemia among school children in Sabratha according to age group and sex
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Haemoglobin concentrations (g/dl) among
school children in Sabratha according to age
group in males were (12.4+1.17), (12.7£1.17),
(12.9+£1.21), and (12.9+1.56) with coefficient of
variance 9.39, 9.22, 9.40, and 12.00 in age groups
(6-7), (8-10), (11-12), and (13-14), respectively.

But, in females, Haemoglobin concentrations
were (12.5+1.07), (12.6%£1.17), (12.8+1.21), and
(12.8+1.35) with coefficient of variance 8.58,
9.32,9.80, and 10.50 in age groups (6-7), (8-10),
(11-12), and (13-14), respectively as shown in
table (10) and figure (10).

Table 10. Haemoglobin concentrations (g/dl) among school children in Sabratha according to age group and sex

Age groups (years) Sex Mean + SD Coefficient of Variance (CV%)
67) Males 12.4+1.17 9.39
Females 12.5+1.07 8.58
Males 12.7+1.17 9.22
(8-10)
Females 12.6x1.17 9.32
Males 12.9+£1.21 9.40
(11-12)
Females 12.841.21 9.80
Males 12.9+1.56 12.00
(13-14)
Females 12.8+1.35 10.50
Males 12.8+1.36 10.60
Total
Females 12.7+1.26 9.80
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Figure 10. Haemoglobin concentration among school children in Sabratha according to age group and sex

The data recorded in table (11) and figure (11)
shows the haemoglobin concentrations in iron
deficiency anaemia cases among school children
in Sabratha. In males iron deficiency anaemic
school children, the haemoglobin concentration
was (11.2+0.7) (g/dl) with 6.26% Coefficient of

Variance but, in females was (10.9+0.85) (g/dl)

with 7.80% Coefficient of Variance.

A significant correlation was found between
serum iron and serum ferritin in iron-deficient

anaemic children (r-0.99).

Table 11. Haemoglobin concentration in iron deficiency anaemic cases among school children in Sabratha

Sex Mean * SD Coefficient of Variance (CV%)
Males 11.2+0.7 6.26
Females 10.9+£0.85 7.80
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Figure 11. Haemoglobin concentration in iron deficiency anaemia cases among school children in Sabratha

DISCUSSION

Measurement of hemoglobin level is a vital physiological
parameter that helps diagnose the extent and severity
of anemia, polycythemia as well as other diseases
of red blood cells. The criteria for determining the
presence of anemia, as recommended by the World
Health Organization, are based on hemoglobin cut off
values for age and sex [7].

Iron deficiency anemia (IDA) is the most common
nutritional deficiency worldwide. It can cause reduced
work capacity in adults [35] and impact motor and
mental development in children and adolescents [36].
There is some evidence that iron deficiency without
anemia affects cognition in adolescent girls [37], and
causes fatigue in adult women. IDA may affect visual
and auditory functioning and is weakly associated
with poor cognitive development in children [38]. It
is the commonest type of anemia in the developing
countries, and has huge health and economic cost
implications [39].

In the present study prevalence of anemia was
11.08% among 370 male children aged 6-14 years
and 12.9% among 341 female children of the same
age . The prevalence of anemia in the current study is
in concordance with that concluded in Egypt (12%),
Morocco (12.2%), and higher than in Turkey (5.4%)
respectively [40, 41, 42]. Also, El-Hioui et al, [42]
reported that the overall prevalence of anaemia was
12 % in 295 Schoolchildren aged between 6 and 16
years old in a rural coastal region of Morocco. The
mean haemoglobin concentration was 12.41 g/dl in

boys and 12, 5 g/dl in girls. Furthermore, this result
is not away from what was obtained from the done by
Achouri et al, [33] who found that the prevalence of
anaemia (Hb<11.5g/dL) was 16.2% among a group of
271 school children age ranged between 6-15 years in
Kenitra, Northwest of Morocco.

In contrast in many developing regions of the world,
the prevalence of anaemia in 5-12 year’s old is
estimated with the highest rates from 20.5 % - 79%
[5, 7, 43-51]. Anemia was more highly prevalence in
many of the previous studies which showed that it
was 24.8% of school going children (5-15 years) in
Aligarh city in India [44], 35% In Northern Morocco
[46], 36.4% among Vietnamese school age children
[50], 36.9% in a group of 250 school-age children in
Leyte, Philippines [49], 37.5% of school-age children-A
scenario of urban slums in India [51], 37.6% in a group
of 404 school-age children (6-14 years old) in Jimma
Town, Southwest Ethiopia [7], 39.1% in a group of
271 school age children (age range: 7-14 years) in
Asendabo Town, Southwest of Ethiopia [47], 39.4% of
531 school-age children in Cote Divoire [48], 40.5%
among the age group of 6-11 years in Jimma Town,
Southwest Ethiopia [7], 41.8%, in school children
aged 5-10.9 years from urban slums in India [45], and
79% among school children up to 12 years of age in
selected slum schools of Bhubaneswar, Odisha, India
[5]. This difference in the prevalence of anemia in
these regions may be due to difference in the study
area, sample size, the food consumption and other
factors.
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In the present study, the mean hemoglobin
concentration was 12.8 g/dl in male children and
12.7g/dl female children. This resultis in concordance
with that recorded by Achouri et al, [33] who found
that the mean hemoglobin concentration was 12.53
g/dL in boys and 12.52 g/dL in girls, and the mean
hemoglobin level for both sexes among the age group
of 6-11 years in Jimma Town, Southwest Ethiopia was
11.59 g/d1 [7].

According to Herceberg et al,, [52] and Kokore et al,
[22] three stage of iron deficiency, allow describing the
deficit of iron in the body. First, the simple depletion
of tissue iron stores without deficit of erythropoiesis
that is characterized by an isolated decrease of serum
ferritin below of 15 mg/l (in children). Then, the
depletion of reserves, with deficiency of erythropoiesis
is accompanied by a decrease in the coefficient
saturation of transferrin, increased transferrin and
total iron binding capacity, a decrease in serum
iron and disruption of conventional erythrocyte
parameters. The last stage is iron deficiency anaemia,
where the fall in hemoglobin below the threshold
limit, allows recognizing anaemia [22].

In the present study, the prevalence iron deficiency
in males was 26.53%, 12.12%, 19.57%, and 12.31%,
and in females was 11.76%, 11.9%, 14.41%, and
14.29% in age groups (6-7), (8-10), (11-12), and
(13-14), respectively. Iron deficiency is the most
prevalent nutritional disease and the most common
cause of anemia worldwide. Anemia resulting from ID
affects approximately two billion people worldwide
(34% of the world population), most of whom live in
developing countries, where the incidence is about
40%. In developing countries, an iron deficient diet is
commonly associated with IDA. The incidence of IDA
in more developed countries, including the United
States, is about 10% [52, 53]. In spite of all efforts to
decrease this problem, its prevalence varies in various
parts of the world.

The present study reported the prevalence iron
deficiency anaemia in males was 14.29%, 10.10%,
5.43%, and 8.46%, and in females was 8.82%, 11.90%,
8.11%, and 9.82% in age groups (6-7), (8-10), (11-12),
and (13-14), respectively. The finding in the present
studyisinharmony with the results obtained by Kokore
et al, [22] who was carried out to evaluate iron status

in children aged 5 to 11 years in good health in three
canteens of three municipalities in of Abidjan (Cote
d’Ivoire). A total of 103 students, including 42 girls and
61 boys were selected for this study. The mean values
of various biological parameters of iron status were
normal in accordance to physiological reference values
from the literature with the exception of hemoglobin
in boys which is below normal rate. All parameters did
not indicate significant differences between girls and
boys (p > 0.05). The results indicated that in children
about two out of three have abnormal iron status.
Abnormal iron status is composed respectively by
3.9% of iron deficiency, 8.7% iron deficiency anaemia.
The anaemia by Iron deficiency in our study is lower
than in the Kenyan students [55].

In Libya, Tabib et al. [56] found that Hb less than 7
g/dL in 22.5% of patients (11 male, 37 female), Hb
between 7-10 gm/dL reported in 77.5% of patients
(57 male, 108 female). The highest prevalence of IDA
found between 22-39 years of age, Hb mean was 7.9 *
0.08, this may be due differences in study population
age groups. Iron deficiency without anemia in our
study is below that obtained by El Hioui et al., [42] who
realized their study in a rural province of Moroccan
on school children aged of 6 to 16 years. Besides iron
deficiency, inflammatory anaemia and inflammatory
anaemia associated to iron deficiency coexist among
school children. Inflammatory anaemia associated
to iron deficiency is usually caused by infectious
syndromes [22, 57]. In this sense, the prevalence
of abnormal iron status could be explained by the
existence of a number of factors such as infectious and
inflammatory syndromes responsible for deviation
and sequestration of iron circulating in the body [22,
58].

This result is much lower than what is shown in
numerous similar studies that were conducted
internationally, nationally as well as regionally. For
instance, Aedh et al, [59] assessed the prevalence of
irondeficiencyanemiaamong240subjectsofteenagers
that aged 13-19 years old in Najran, Saudi Arabia. The
overall prevalence of anemia among teenagers in
Najran was 22.5%, which indicates a moderate health
problem. Also, WHO worldwide report that concluded
a prevalence of 25.4% for IDA among school children
globally [60]. EI-Hazmi and Warsy, [61] reported the
overall prevalence of anemia in Saudis was 24.8%.
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Additionally, Al-Othaimeen, et al, [62] found that the
prevalence of anemia in Riyadh was 26.3%. Abedini
et al, [63] estimated the prevalence of iron deficiency
anemiainIranwas 53.6%. While Stoltzfus and Rebecca,
[64] reported that the prevalence of IDA in Africa was
60%, Latin America (46%), Eastern Mediterranean
(63%), Southeast Asia I (49%), Southeast Asia II
(66%). Additionally, a high prevalence of IDA was also
reported in Tanzania (79.6%), Kenya (35.3%) and
Nigeria (82.6%) [65-67].

Serum ferritin concentration has been identified as
the most specific biochemical test that correlates
with relative total body iron store, hence is a
precondition for iron deficiency in the absence of
infection [66, 68].

In the present study, the prevalence ferritin deficiency
in males was 55.10%, 34.34%, 29.35%, and 30%, and
in females was 52.94%, 35.71%, 23.42%, and 31.25%
in age groups (6-7), (8-10), (11-12), and (13-14),
respectively. This rate is comparable to the national
prevalence reported by the Ministry of Health in 2000
[69].

El-Hioui et al, [42] reported that the mean serum
ferritin level was 26.7 pg/l in boys and 27.9 pg/l in
girls. The overall prevalence of anaemia was 12.2 %
and iron deficiency was in 20.4 %. Serum ferritin,
serum iron concentrations and mean corpuscular
volume (MCV) were significantly correlated with
Hemoglobin. The results of Kokore et al, [22] study
showed that the ferritin and the saturation coefficient
of transferrin, are lowered respectively of 12.6%
and 55.3% in school children. More than half of
populations (54%) are anaemic. Among these, about
18% are hypochromic.

Iron deficiency, results from an imbalance in the
balance of iron in the body; in children, it is most
often an insufficient of contributions to the needs
more important deal with especially in infancy than
in adults [22]. Low iron intake, iron mal-absorption
and iron loss lead to IDA, and iron deficiency due to
malnutrition is a most frequent affecting about of
population 30% - health problem in the world. WHO
reported recently, 1.62 billion of the world population
is anemic. IDA main cause is a poor diet and/or
certain intestinal diseases that affect adversely iron

absorption or nutrient consumption by parasitic
infestation. Iron fortified food is effective in improving
and maintenance of Hb in general population
especially during child bearing age [39]. There are two
forms of dietary iron: Non-heme and heme iron. Non-
heme iron takes the simplest form of free iron atoms
such as ferric (Fe?*) or ferrous (Fe?*) iron. Non-heme
iron is obtained from foods such as grains, legumes,
fruits, and vegetables [70], so no easily absorbable
[22, 57]. Numerous Africans have a diet that contains
little or no animal protein. The diet of most Africans
is based on plants [71, 72]. Gad et al, [73] found that
a significant association between iron deficiency
anemia and frequent intake of soda drinks and milk/
milk products which contain calcium that inhibits iron
absorption. The differences in the prevalence of IDA in
these regions could be due to differences in the study
areas, cultural variations, sample sizes, lifestyles,
socio-economic, dietary habits like frequent intake
of soda drinks and milk/milk products, and other
pathological or genetic factors.

There is a number of studies, which have shown an
association between the socioeconomic status and
the prevalence of anemia [4, 74]. Several studies
also have shown that low parental education levels,
low household incomes, and demographic factors
including age, sex, and family size have been associated
with development of anemia [4, 42, 75-77]. Preventive
health care is supposed to be more effective those
areas where accessibility of and affordability for
health care services are much less [4, 78]. Hence, it
is always important to understand the background
characteristics of women and their children to
increase the awareness on preventive health care
practices [4].

CONCLUSION

It can be concluded that anemia in children is a
common preventable health issue in schoolchildren
in western Libya. Iron deficiency is the leading cause
of anemia in the present study. Anaemia occurs in all
Sabratha area and though at significantly variable
prevalence. The first zone population has the highest
frequency of anemia and Iron deficiency. Males in the
age group (6-7) years and females in the age group
(8-10) years were significantly more susceptible to
develop iron deficiency anaemia. Correction of iron
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deficiency at this age groups enhances their learning
potential, increases their fitness and work capacity
later. Therefore, health education to the community
about balanced animal and plant food consumption
are recommended strategies to reduce the burden
of anemia. Moreover, health education programs and
sustainable interventions should be implemented in
schools to highlight the risk factors of anemia as well
as to encourage the intake of diverse diets including
iron-rich foods and fruits, which contain vitamin C
that enhances iron absorption. Further longitudinal
studies with long term follow-up are needed. Children
with family history of anemia should be screened for
anemia and treated if indicated. Additional studies
are needed on micronutrients deficiency, parasite
infections, hereditary disorders and environmental
pollutants.
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