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ABSTRACT

In Cameroon, as in most developing countries, anemia is a public health problem.
In young children, this trouble has deleterious consequences on the global health
and a weak cognitive development. Young children status in rural area is poorly
investigated. The objective of study was to determine biological, nutritional, and
socioeconomic risk factors for anemia in this vulnerable age group. A cross
sectional study was conducted among children aged 0 to 24 months in six pilot
health centers in Bangang rural community. Hemoglobin, serum iron, total iron
binding capacity, transferrin saturation, ferritin and C reactive protein levels were
determined. A questionnaire was developed to obtain information on the
socioeconomic and demographic status of the family, anthropometrics measures
and nutritional intake were recorded. Anemia was detected in 66.67 % of the 177
children sampled and iron deficiency was found in 51.41 %. The mean hemoglobin
concentration was 10.59 g/dl in boys and 10.46 g/dl in girls, whereas the mean
ferritin level was 25.87ug/l in girls and 32.61ug/l in boys. Moreover, we observed
a highly significant association (p < 0.01) between hemoglobin level and other
biological parameters. There was a significant relationship between lower maternal
breastfeeding, lower maternal schooling, number of children and anemia among
young children (p < 0.05). Hemoglobin level was primarily associated with iron
status in these rural Cameroonian children. However, maternal breastfeeding,
maternal schooling and food insecurity were also important factors. Deeper
knowledge about the etiology and nutritional risk factors for anemia in this
vulnerable age group is essential to its proper treatment and prevention.

Introduction

Anemia is considered the most prevalent
nutritional deficiency globally, affecting
about a quarter of the world population,
especially  children and women of
reproductive age [1,2]. In children, anemia
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can negatively affect cognitive development,
school performance, physical growth, and
immunity [3,4]. The prevalence of anemia in
the world is 24.8 % [5]. The preschool
children are most affected with a prevalence
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of 47.4 %, followed by pregnant women
(41.8 %), non-pregnant women (30.2 %) and
school age children (25.4 %). In each age
group and sex studied, the highest
prevalence is found in Africa [5,6], with a
global frequency of 64.6 % in the
preschool children and 55.8 % at the
pregnant women. The demographic, and
Health Surveys in Cameroon [7], reported
that 60 % of children aged 6 to 59 months
were anemic.

Iron deficiency is believed to be the most
important cause of anemia among children
and is attributable to poor nutritional iron
intake and low iron bioavailability [8].
Others factors, including folate and vitamin
A deficiencies, malaria infection [9],
hookworm infestation are also associated
with childhood [10]. This is the disturbance
of physical and mental development often
irreversible in infants and children, of least
resistance to infections, tiredness and
decreased physical and intellectual abilities
[11]. Beyond the age of 24 months in rural
area in Cameroon, there is very little
information on child anemia [12]. Despite
the multiple consequences of this disease,
few investigations are conducted among
young children in rural area in Cameroon.

Most studies were focalized in the
characterization of anemia and malaria in
urban area [10-13]. This study was
undertaken to estimate the prevalence of
anemia and iron deficiency among young
children in Bangang rural community and to
determine the various factors associated
with anemia in this population.

Materials and methods

Bangang community in the West Region of
Cameroon covers an area of 185 Km? and is
located on the longitude 12°7° 59 East and
the latitude 5°24°0°’North. It has a tropical
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rainy grass field and savannah forest
vegetation, humid climate with a population
of 250 000 inhabitants. Bangang is one of
the rural parts of Batcham council,
department of Bamboutos. The major
occupation of the local population is
farming. They produce most of the food
consumed in the whole council.

This study was conducted in six pilot health
centers in Bangang health district, namely:
Batsintsuet, Bamboue, Baletia, Zemezong,
Nzong and King Place (Bangang District
Medical Center). Children were recruited for
this study with parents consent. The
collection of anthropometric data of this
study was done from a questionnaire sent to
the parents and the informed consent of
parents following an explanation of the
interest of the study. The socio economic
status was defined by the following
parameters: the mother educational status,
the number of family members and the
working status of the mothers. Information
on continued and previous breastfeeding
practices was obtained with specific
questions about whether the child was
currently breastfeeding, the duration of
exclusive breastfeeding, and the child’s age
at introduction of complementary foods and
age at breastfeeding cessation.

The dietary survey was conducted among
the children. Through the questionnaire
designed for this purpose, the methods of 24
hours recall, three days weighed food
records and dietary history were used to
determine dietary habits, the type of food
and the usual frequency of consumption of
food during a week. Food intakes of children
was quantified by using household weighing
measuring tools, such as standard measuring
cups and spoons, ruler  for measuring
dimensions. We determined the child’s daily
intake of food items by weighing their meal
before an after each meal.
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Body size and growth were assessed through
height and weight measurements. Each
child’s length and weight were measured.
Height for age, weight for age, and weight
for length were calculated. For these
variables, results with z-scores less than -2
were defined as stunting, underweight and
wasting, respectively in accordance with the
2012 DHS and WHO child growth standards
[14,15].

Children underwent field estimation of
capillary hemoglobin level (HemoCue,
Angelholm, Sweden). Venous blood (3 mL)
was drawn from each child, processed
appropriately in the primary health center
laboratory within 6 hours of collection, and
then packed with ice and transported to the
reference laboratory. Samples were analyzed
within 48 hours of collection. Laboratory
assays were performed as follows:
automated complete blood examination
URIT 12 Hemoglobinometer (used only for
hemoglobin estimation); serum ferritin,
transferrin and C reactive protein CRP
([immunoturbidimetric assay], reagents from
Biorex diagnostics, [United Kingdom]),
serum iron ([colorimetric enzymatic ferene
method], reagent from SGMitalia, [Roma,
Italia]).

Children with hemoglobin levels < 11.0 g/dI
or 14.5 g/dl for infants were considered
anemic. The severity of anemia was
classified as severe (Hb <7.0 g/dl), moderate
(7.0 < Hb < 10.0 g/dl) and mild (10 < Hb <
11g/dl), depending on the hemoglobin value
of anemic children. Iron deficiency was
defined as plasma ferritin level < 12 pg/L or
serum ferritin 20-50ug/L, plus two abnormal
values in the following three biochemical
parameters: serum iron < 11 upmol/L, total
iron binding capacity > 72 umol/L,
transferrin saturation < 16 % or C reactive
protein > 5mg/L. Anemia, iron depletion,
iron deficiency and iron deficiency anemia
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were defined according to World Health
Organization criteria [4, 5].

Statistical analyses

For statistical analysis, data were analyzed
by the Statistical Package for the Social
Science (SPSS) version 17. The Chi? test
and logistic regression analysis were used to
investigate the relationship between the
prevalence of anemia and the socio
demographic factors. The software ENA for
Smart 2007 was wused to calculate
anthropometric index. Differences were
considered statistically significant at a p
value < 0.05.

Ethical approval

Experimental procedures and protocols used
in this study were approved by the National
ethics committee of Cameroon and Regional
health office. Informed, signed consent to
participate in the study was obtained from
all participating mothers or caregivers.

Results and Discussion

The distribution of risk factors for anemia
between the anemic and non-anemic
children is shown in table 1. The findings
demonstrate that 45.20 % (80 cases) were
boys and 54.80 % (97 cases) girls. Female
had a slightly higher risk of presenting
anemia than male. The risk of anemia
decreased with increasing age of the child,
progressively lowering with each age group.

Mother’s education showed a similar
pattern, with lower risk among children
whose mothers had attended a secondary
level education (p < 0.05). It appeared that
22.59 % of mothers were active workers.
The prevalence of anemia among children
whose mothers had a remunerous jobs were
72.50%. Comparatively, the prevalence
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proportions of anemia in children whose
mothers were unemployed were 64.96 %.
But no significant (p > 0.05) relationship
exist between these 2 groups.

Considering the variables related to
household composition and number of
children, we observed that children were
more prone to have anemia if they lived in
households with more than five residents.
The prevalence of anemia among children
whose mothers had less than five children
was 60.95 % while for those with more than
five children was 75 %.

Others hands, children whose mothers had
stopped breastfeeding at the time of study,
presented a prevalence of anemia greater (p
< 0.05) than those whose mothers were still
breastfed. However, in this community
exclusive breastfeeding is rare. With regard
to indicators of nutritional status,
anthropometric deficits measured in terms of
weight for age, height forage, and weight for
height increased the prevalence of anemia.

The mean values of the different iron status
parameters in children are presented in table
2. It was observed that all the parameters did
not indicate the significant differences
between girls and boys (p > 0.05). These
values were in accordance with the normal
physiological references values from the
literature except for the rate of hemoglobin
(10.52 £+ 2.21g/dL) which is lower overall
and by sex. Furthermore, mean of iron status
is low in male than female. In contrast, mean
ferritin and mean of total iron binding
protein were higher in male compared to
female (32.61 + 4.09 pg/L and 25.87 + 3.14
po/L and 57.08 + 4.25 umol/L and 54.05 +
4.51 umol/L respectively).

The mean nutritional intake for children is
shown in table 3. Mean iron intake from
non-breast milk sources consumed during
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the previous 24 hours was 0.67 mg for
infants aged 3 to 4 months which was 67 %
of the recommended daily intake for
children. Mean daily iron intake of the
children was above 50 % for all the children.
However their daily zinc and energy intakes
were below the daily requirement values.

The overall prevalence of anemia was 66.67
% (table 4). Among these children, 5.08 %,
22.60 % and 36.16 % respectively suffering
from severe, moderate and mild anemia. In
addition, iron deficiency and iron deficiency
anemia were found respectively in 51.41%
and 38.8% of the young children.

Table 5 shows that serum ferritin, serum
iron concentrations, total iron binding
capacity, C reactive protein and transferrin
saturation were highly significant associated
to hemoglobin level (p < 0.01). Anemia was
positively  associated  with ~ maternal
education level, breastfeeding, number of
children and iron intake (p < 0.05).

This work helps to design appropriate
minotoring in order to avoid the early onset
of anemia among young children in rural
area in Cameroon. The present results
confirmed the high prevalence of anemia in
Cameroon with no significance difference
between two sexes. This rate is comparable
to the national prevalence reported by The
Ministry of Health in 2011 and 2012 [7,16],
where the prevalence of anemia among
preschool children was 60 % and 57 %
among children aged 1 to 59 months.
Anemia in this population of children was
27 % mild, 31% moderate and 2 % severe.
In addition, the study shows that anemia
principally iron deficiency is a reality among
young children in this community.
Hemoglobin levels in children were
primarily related to iron stores.
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These different rates are similar to those
obtained among young children in rural
India [17] and among indigenous children in
Brazil [1]. According to the first author
India, the prevalence of anemia among
young children was 75.3 %. The results of
the second authors reveal that 51.2% of
indigenous children less than 5 years age in
Brazil and approximately one sixth
presented moderate/severe anemia (16.4%).
Others studies reported the same results on a
similar population of children aged 0 to 60
months in Cameroon [9, 18, 19].

The prevalence of anemia in the study
population was 66.67 %. Conversely, this
rate is higher than that obtained in Morocco
in children aged 6 to 16 years (12.2 %) [20],
30.3 % among children aged 5 to 11 years in
school canteens in Abidjan [21]. In
comparison with our results, others studies
reported the same prevalence of anemia
among the school children [22, 23]. These
findings suggest that the prevalence of
anemia in our study is higher than those
reported from elsewhere. It could be
explained by the fact that the study was
extended to the rural population with
different demographic characteristics from
those of these subjects, the socioeconomic
and cultural developments of children in
each study areas.

The observed association but non-significant
between child’s age and anemia in our
findings and has been reported in several
other studies worldwide [24]. Children
under two years of age experience high rates
of growth, which increases the demand for
micronutrients such as iron and vitamins.
The introduction of foods with low iron
levels during foods transition and elevated
frequencies of infectious and parasitic
diseases among young children, are also
important factors in determining childhood
anemia [17-25].
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However, the relationship between child’s
sex and anemia is less consistent, with some
studies indicating associations between these
variables [1] and others not [25].The results
of our survey revealed an association but no
significant between sex and anemia in rural
young children with greater risk among
girls, although the difference was small.

Hemoglobin level of infants is strongly
linked to the maternal hemoglobin [17-26].
For instance, antenatal anemia contributes to
low birth weight and prematurity, both of
which increase the risk of childhood anemia.
Severe maternal anemia may also reduce
breast milk iron content [17-27]. The results
of our study highlight important associations
of children less than 12 months with anemia.
In this population, exclusive breastfeeding is
very rare. Mothers and children most often
share a home environment, which involves
mutual exposure to a common set of
physical, socioeconomic and dietary
conditions [1-11]. Maternal iron deficiency
is associated with low birth weight and
prematurity [26-28] and there is evidence
that even children born with adequate
weight have diminished iron reserves when
their mothers are anemic. Anemic children
tend to start school later progress less
rapidly, have lower attainments, and
perform less well on cognitive achievement
tests, even into adulthood [5-12].

With regard to socioeconomic
characteristics, the findings reveals that both
maternal schooling and number of children
which are often considered linked to family
income, were shown to be protective factors
for the occurrence of anemia in young
children. Lack of knowledge of mothers can
explain the high rate of anemia observed in
this community among young children with
primary education level of mothers [19].
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High prevalence of stunting and anemia was
observed in young children in this rural
community. It is reported that malnutrition
[29,30] is very harmful the first 1000 days
of life and most of the consequences are
irreversible and will negatively influence
cognitive, psychomotor and brain growth of
children until their adulthood. This age
indicates nutrition transition [12] and
probably inappropriate breastfeeding and
complementary feeding practices.
Nutritional status of young children is
affected by a common set of factors,
including socioeconomic status, sanitation,
infectious and parasitic diseases, and diet.
With regard to diet, protein energy
malnutrition favors the development of
anemia through a synergistic relationship.
Moreover, low hemoglobin levels have been
implicated in compromising linear growth
[28]. The association between these
anthropometric index and anemia has also
been observed in several other studies [30].

Concerning the mean value of hemoglobin
obtained in the case of this study is similar
to that indicated in a rural population of
preschool children in Ebolowa in southern
Cameroon (10.76 g/dl) [31], and in
preschool children in the region of Kenitra,
Morocco (10.00 g/dl) [19] where the mean
of haemoglobin is lower than established
standards. We observed a highly significant
association between hemoglobin level and
other biological parameters suggesting that
iron status was likely to be an important
determinant of hemoglobin and hence
anemia. The risk of iron deficiency anemia
may thus depend on complex interactions
between dietary iron content (type of diet),
iron bioavailability (duration of
breastfeeding and appropriate
complementary feeding practices), increased
iron use (growth velocity and erythroid mass
expansion), and inappropriate iron losses
(infection and infestation) [17].
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Approximately anemia appeared related to a
nutrient deficiency, with more than half the
subjects in this category deficient in iron,
either alone or in combination with vitamins
deficiency [32]. The data revealed that mean
daily intake above 50 % for all slices age
(months). Surprisingly, the prevalence iron
deficiency was 51.41 % among these
children. Iron deficiency is due to
inadequate intake or malabsorption of
dietary iron. The adequacy of dietary iron
depends on the intake and the
bioavailability, which in turn are contingent
to the nature of the food and the composition
of the overall diet. In developing countries,
the amount of iron in the diet is usually
enough to cover body needs, because it is
mainly provided by plant (cereals, tubers)
based food in the form of non heme iron, its
bioavailability is very low [33]. The low
iron content of breast milk, the lack of other
iron rich food, and the age related increase
in iron requirements predispose young
children to the depletion of iron stores that
occurs at approximately one year of age. In
addition, the major components of the diet in
young children in Bangang are maize, irish
potatoes, red and black beans, leafy
vegetables, red palm oil and groundnuts
which are not favorable for iron absorption
and which contain inhibitors of iron
absorption as compared with meat or fish
[31].

This result is not surprising since iron
deficiency is common in African children in
the second year of life, and this has been
related to inappropriate complementary
feeding practices [31]. Iron deficiency is
generally assumed to be the major cause of
anemia globally [1]. However, besides iron
deficiency, others factors that may cause or
be associated with anemia include
nutritional deficiencies involving other
micronutrients (folate, vitamin A, and
vitamin B12), infectious and parasitic



Int.J.Curr.Microbiol.App.Sci (2015) 4(3): 925-935

diseases (diarrhea, malaria, and
geohelminthosis), glucose-6-phosphate
dehydrogenase deficiency, and genetically
derived hemoglobinopathies [24-32].

In conclusion, anemia an important problem
worldwide is increasing among Yyoung
children in Bangang and requires urgent

attention. Our findings suggest that current
public health strategies such as combining
iron supplementation and the development
of a nutrition program based on locally
available foods in this locality are necessary

to reduce childhood anemia and
improvement of children’s hemoglobin
levels.

Table.1 Prevalence of anemia by socio-economic and demographic
characteristics and others determinants

Parameters Overall Anemic X p

n (%) n (%)
Sex
Girls 97 (54.80) 65 (67.01) 0.01 NS
Boys 80 (45.20) 53 (66.25)
Age (months)
< 12 months 85 (48.02) 74 (87.05) 30.6 <0.0001**
> 12 months 92 (51.97) 44 (47.82)
Mother’s education
Primary 86 (48.59) 64 (74.42) 4.52 0.03*
Secondary 91 (51.41) 54 (59.34)
Mother’s working status
Yes 40 (22.59) 29 (72.50) 0.79 NS
Non 137 (77.40) 89 (64.96)
N° of children
<5 125 (70.62) 82 (65,60) 0.22 NS
>5 52 (29.37) 36 (69.23)
Still breastfeeding
Non 85 (48.02) 63 (74.11) 4.09 0.04*
Yes 92 (51.97) 55 (59.78)
Underweight
Yes 27 (15.25) 17 (62.96) 0.20 NS
Non 150 (84.74) 101 (67.33)
Stunting
Yes 81 (45.76) 49 (60.49) 2.56 NS
Non 96 (54.23) 69 (71.88)
Wasting
Yes 09 (5.08) 03 (33.33) - NS
Non 168 (94.92) 115 (68.45)

* P < 0.05 significance level; ** P<0.01 high significance level; NS: Non-significant difference.
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Parameters Overall Girls Boys p value Reference
s values

Hemoglobin (g/dl) 10.52 + 10.46 + 10.59 + (NS) 11-14.5;
2.21 2,18 2.25 14.5-22

Serum iron (umol/l) 11.06 + 11.70 + 10.33 (NS) 11-23
0.59 0.92 0.69

Ferritin (pg/l) 28.62 + 25.87 + 32.61 + (NS) 12-140
2.51 3.14 4.09

Total iron binding capacity 55,66 + 54,05 + 57,08 = (NS) 45-72

(umol/L) 3,08 4,51 4,25

Transferrin saturation (%) 21,08 + 21,26 + 20,92 = (NS) 16-40
1,34 1,92 1,89

Table.3 Mean nutrient intake from non-breast milk sources during the previous 24 hours

Nutrients/Age Age (months) Iron mg/24h  Zinc mg/24h  Energy Kcal/24h

Mean daily intake 0.17 0.27 185.64
RDI 3-4 0.27 5 700

Mean intake % RDI 62.96 5.40 26.52

Mean daily intake 0.43 1.31 344.40
RDI 5-6 0.27 5 700

Mean intake % RDI 159.25 26.20 49.20

Mean daily intake 2.40 1.43 381.58
RDI 7-8 11 5 810

Mean intake % RDI 21.82 28.60 47.11

Mean daily intake 2.61 1.88 427.48
RDI 9-10 11 5 950

Mean intake % RDI 23.73 37.60 45.00

Mean daily intake 3.29 1.93 496.84
RDI 11-24 11 5 1150

Mean intake % RDI 29,91 38.6 43.20

RDI: Recommended daily intake

Table.4 Anemia, iron deficiency and iron deficiency anemia

Indicators Overall Girls Boys p value
% of anemia 118 (66.67) 65 (36.72) 53 (29.94) NS
% of severe anemia 09 (5.08) 05 (2.82) 04 (2.26) NS
% of moderate anemia 54 (30.51) 29 (16.38) 25 (14.12) NS
% of mild anemia 20 (11.29) 19 (10.73) 39 (22.02) NS
% of iron deficiency 91 (51.41) 45 (25.42) 46 (25.99) NS
% of iron deficiency anemia 69 (38.98) 36 (20.34) 33 (18.64) NS

NS: Non-significant, (p > 0.05).
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Table.5 Regression coefficients between hemoglobin level and conditions in the child

Factors Coefficient (95% CI) p
Serum iron -0.18 (1.06 to 1.35) <0.01
Ferritin -0,38 (-0.62 to -0.13) <0.01
Total iron binding capacity 0.16 (0.08 to 0.23) <0.01
Transferrin Saturation -0.05 (-2.01 to 0.093) <0.01
C reactive protein 0.113 (0.12 to 0.25) <0.01
Length for age, z-score 0.099 (-0.050 to 0.244) 0.19
Weight for age, z-score 0.104 (-0.045 to 0.248) 0.17
Weight for length, z-score 0.050 (-0.096 to 0.202) 0.48
Maternal education 0.06 (0.02 to 0.09) 0.03
Child still breastfeeding 0.186 (0.05 t0 0.27) 0.01
Number of children 0.173 (0.026 to 0.313) 0.02
Age of children 0.086 (-0.062 to 0.231) 0.25
Gender 0.029 (-0.1191t0 0.176) 0.70
Iron intake 0.454 (0.178 t0 0.732) 0.01
Zinc intake -0.223 (-0.157 to 0.067) 0.02
Energy intake -0.239 (-0.195 to 0.045) 0.02

* P < 0.05 significance level; ** P<0.01 high significance level

Acknowledgement

The study was support by grant funding
from Nestle Foundation to Dr Kana Sop
Marie. The authors thank responsible of
rural population in the Bangang rural
community of West Cameroon, parents and
young children who participated to the
study.

References

[1] Leite M, Cardoso A, Coimbra C, Welch
J, Gugelmin S, Lira I, Horta B,
Santos R, Escobar A. Prevalence of
anemia and associated factors among
indigenous children in Brazil: results
from the First National Survey of

Indigenous People’s Health and
Nutrition. Nutrition Journal 2013;
12: 69.

[2] Crawley J. Reducing the burden of
anaemia in infants and young
children in malaria-endemic

933

countries of Africa from evidence to
action. Am J Trop Med Hyg 2004;
71: 25-34.

[3] Chhabra S, Preetinder K, Chandan T,
Prashant Z. Study of fetal blood with
maternal vaginal bleeding. Asian
Journal of Scientific Research 2012;

5(1): 25-30.
[4] World Health Organization. Iron
deficiency  anemia  assessment,

prevention and control: A guide for
program managers. Geneva: WHO;
2001.

[5] World Health Organization. Worldwide
prevalence of anaemia 1993-2005:
WHO global database on anaemia.
Geneva, WHO; 2008.

[6] McLean EM, Cogswell JE, Egli D,
Wojdyla BD, Benoist. Report of the
World Health Organization.
Technical consultation on prevention
and control of iron deficiency in
infants and young children in malaria



Int.J.Curr.Microbiol.App.Sci (2015) 4(3): 925-935

endemic areas. Food and Nutrition
Bulletin 2006; 28(4): 489-631.

[7] Enquéte de Démographie et de Santé au
Cameroun. Rapport préliminaire.
Institut national de la statistique.
EDS-MICS 2011; 1-66.

[8] Dillon JC. Prévention de la carence en
fer et des anémies ferriprives en
milieu tropical. Médecine tropicale
2000; 60: 83-91.

[9] Gouado I, Djuidje M, Pankoui J, Fotso
H. (2008). Iron status of malaria
patients in  Douala-Cameroon.
Pakistan Journal of Nutrition 2008;
7: 620-624.

[10] Mbanya D, Tagny A, Akamba MO,
Mekongo, Tetanye E. Etiology of
anaemia in African children from 5
to 10 years. Sante 2008; 18(4): 227-
230.

[11] Hadipour R, Norimah AK, Poh BK,
Firoozehchian F, Akaberi A.
Haemoglobin and serum ferritin
levels in newborn babies born to
anaemic Iranian Women: a Cross-
Sectional Study in an Iranian
Hospital.  Pakistan  Journal of
Nutrition 2010; 9(6): 562-566.

[12] Kana SM, Gouado I, Mananga MJ,
Ekoule LD, Amvam ZPH, et al
Evaluation of nutritional status of
young children aged 0-2 years in the
Douala city (Cameroon), survey of
some practices during diversification
of complementary foods. African
Journal of Food Science and
Technology 2013; 4: 29-34.

[13] Nguefack F, Chelo D, Tejiokem MC,
Pondy A, Njiki MJ, Dongmo R,
Mbassi HD, Taguebue J, Guemkam
G, Vougmo C, Koki PO. Fréguence
des anémies séveres chez les enfants
agés de 2 mois a 15 ans au Centre
Mere et Enfant de la Fondation
Chantal Biya, Yaoundé, Cameroun.

934

Panafrican Medical Journal 2012;
12:46.

[14] Demographic Health Surveys. Measure
DHS Statcompiler 2012.

[15] World Health Organization. Global data
base on child growth and
malnutrition. WHO; 2012.

[16] National surveys of micronutrients
status and consumption of fortifiable
foods in Cameroon, 2012.

[17] Pasricha SR, Black J, Muthayya S, Shet
A, Bhat V, Nagaraj S, Prashanth NS,
Sudarshan H, Biggs BA, Shet AS.
Determinants of anemia among
young children in rural India.
Pediatrics 2010; 26: 140-149.

[18] Reina ES, Martin NA, Ndjebayi,
Juergen G, Erhardt KH, Brown.
Plasma ferritin, soluble transferrin
receptor, and body iron stores
identify similar risk factors for iron
deficiency, but result in different
estimates of the national prevalence
of iron deficiency and iron-
deficiency anemia among women
and children in Cameroon. In press,
Journal of Nutrition 2012.

[19] El Houi M, Aboussaleh Y, Ahami A,
Farsi M. Contribution to the study of
anaemia prevalence in preschool
children in the region of Kenitra,
Morocco. Anthropo 2009; 19: 1-5.

[20] EI Hioui M, Ahami A, Aboussaleh Y,
Rusinek S, Dik K, Soualem A,
Azzaoui F, Loutfi H, Elgaj M. Risk
factors of anaemia among rural
school children in Kenitra, Morocco.
East African Journal of Public
Health 2008; 5 (2): 62-66.

[21] Kokore BA, Bleyere MN, Kouakou
LK, Kouassi D, and Yapo PA.
Haematological status and anaemia
prevalence among children aged 5 to
11 vyears in school canteens in
Abidjan (Coéte d’Ivoire). Middle-East



Int.J.Curr.Microbiol.App.Sci (2015) 4(3): 925-935

Journal of Scientific Research 2013;
14 (4): 461-470.

[22] Sudhagandhi BS, Sivapatham WE,
William, Prema A. Prevalence of
anemia in the school children of
Kattankulathur, Tamil Nadu, India.
International Journal of Nutrition
Pharmacology Neurological Diseases
2011; 1(2): 184-188.

[23] Thurlow R, Winichagoon P, Green T, et
al. Only a small proportion of
anemia in north-east Thai
schoolchildren is associated with
iron deficiency. Am J Clin Nutr
2005; (82): 380-387.

[24] Howard CT, De Pee S, Sari M, Bloem
MW, Semba RD. Association of
diarrhea with anemia among children
under age five living in rural areas of
Indonesia. J Trop Pediatr 2007; 53:
238-244.

[25] Siegel EH, Stoltzfus RJ, Khatry SK,
Leclerg S, Katz J, Tielsch JM.
Epidemiology of anemia among 4 to
17 months children living in South
Central Nepal. Eur J Clin Nutr 2006;
60: 228-235.

[26] Black RE, Victora CG, Walker SP,
Bhutta ZA, Christian P, et al
Maternal and child undernutrition
and overweight in low income and
middle income countries. Lancet
2013; 382: 427-451.

[27] Bloomfield FH. How is maternal
nutrition related to preterm birth?
Annu Rev Nutr 2011; 31: 235-261.

[28] Walker SP, Chang SM, Power CA,
Simonoff E, McGregor SM. Early
childhood stunting is associated with
poor psychological functioning in
late adolescence and effects are
reduced by psychosocial stimulation.
J Nutr 2007; 137: 2464-2469.

[29] Adair LS, Fall CH, Osmond C, Stein
AD, Martorell R, et al. Associations
of linear growth and relative weight

935

gain during early life with adult
health and human capital in
countries of low and middle income:
findings from the birth cohort
studies. Lancet 2013; 382: 525-534.

[30] Ngnie-Teta I, Receveur O, Kuate-Defo
B. Risk factors for moderate to
severe anemia among children in
Benin and Mali: Insights from a
multilevel analysis. Food Nutr Bull
2007; 28: 76-89.

[31] Muriel C, Le Hesran J, Fievet N, Cot
M, Personne P, Gounoue R, Beyeme
M, Deloron P. Prevalence of and risk
factors for anemia in young children
in Southern Cameroon. Am J Trop
Med Hyg 1998; 58 (5): 606-611.

[32] Guralnik JM, Eisenstaedt RS, Ferrucci
L, Klein HG, Woodman RC.
Prevalence of anemia in persons 65
years and older in the United States:
evidence for a high rate of
unexplained anemia. Blood 2013;
104 (8): 2263-2268.

[33] Digirolamo AM, Perry GS, Gold BD,
Parkinson A, Provost E, Parvanta | et
al. Helicobacter pylori, anemia, and
iron deficiency: relationships
explored among Alaska native
children. Pediatr Infect Dis J 2007;
26(10): 927-934.



