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Introduction
Malnutrition is a major public health problem in sub-Saharan 
Africa and is strongly linked to living standards [1]. Malnutrition is 
particularly high among pre-school children, resulting in mortality 
and morbidity [2]. In developing countries, an estimated 31% of 
children under 5 are stunted and 19% underweight [3]. Africa 
has higher rates of stunting and underweight, at 39% and 20% 

respectively. In Côte d’Ivoire, the percentage of children under 
five suffering from chronic malnutrition and underweight in 2006 
was 34% and 20% respectively [4]. Stunted growth during the 
pre-school phase is associated with later developmental delays [5]. 
A study on school children published by Best C et Coll. revealed 
that 22% were stunted and a third were anemic [6].

Malnutrition is currently defined as a multi-faceted condition 
that takes into account not only protein-calorie deficiency, but 
also micronutrient deficiency, including iron. Iron deficiency is 
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common in young children, as this population group has a high 
demand for iron for growth [7]. 

The consequences of iron-deficiency anemia on human health 
are well known; in addition to the typical clinical symptoms, 
anemia also causes school failure, reduced cognition, increased 
mortality and overall morbidity in children, as well as reduced 
work capacity [8]. 

Most studies carried out in Côte d’Ivoire show the significance of 
anemia and malnutrition among children, especially those under 
the age of five. However, data on anemia and chronic malnutrition 
among school-age children are scarce. 

Staubli Asobayire F et al, and Rohner F et al, found significant 
prevalence rates of anemia and malnutrition of around 50% and 
10% respectively [9,10]. However, the relationship between anemia 
and children’s nutritional status has been poorly documented.

The aim of the present study was to gain a better understanding 
of the causes of anemia and its consequences, by investigating 
the association between malnutrition and anemia in school-age 
children.

Materials and Methods
• Study environment and population
The survey was carried out in December 2006 in the Toumodi 
health district in the elementary school of five villages: Bringakro, 
Taffissou, Aluiminankro, N’Dakouassikro and Gbohua. Subjects 
were recruited from children aged 6 to 15 attending these schools. 
Children who had given oral consent in addition to written parental 
approval were included in the study. As this cross-sectional survey 
was part of an intervention study, all children had been screened 
for moderate anemia (using the HemoCue® device two weeks 
prior to the survey itself), and only children who tested positive 
for moderate anemia were selected. 

• Type of study and procedure
This is a cross-sectional study with a descriptive and analytical 
purpose. The following variables were recorded for each child 
using questionnaires: school, class, sex, age, weight, height, 
hemoglobin level, thick blood drop, stool examination for 
helminths. 

Weight was measured on an electronic scale to an accuracy of 100 
grams, and height on a vertical measuring tape to an accuracy of 
0.5 centimeters. These measurements were converted into a World 
Health Organization z-score [11]. 

For biological data, hemoglobin (Hb) levels were determined 
from venous samples using an AcT8 Counter (Beckman Coulter, 
Krefeld, Germany) on the day of sampling. From whole blood, a 
malaria test and blood smear were taken to detect malaria parasites 
using the Giemsa staining method [12,13]. 

Two Kato-Katz thick smears were prepared for each stool sample. 
The slides were examined immediately after preparation under a 
light microscope [14].

Moderate anemia was defined as Hb > 80 and < 115 grams/Liter 
(g/L) in children aged 6 to 12 years, and > 80 and < 120 g/L in 
children aged 12 years and older [15]. Chronic global malnutrition 
and underweight were determined by a z-score <-2, and severe 
chronic malnutrition by a z-score <-3.
• Data analysis

Data entry and statistical analysis were carried out using EPI Data 
version 3.1 and Stata version SE/9.0 respectively. 

The Pearson chi-square test2 was used to compare proportions. 
The significance level of the statistical tests used was set at 5%. 

• Study limits
Our study is drawn from the clinical trial project on cookies iron 
fortification conducted by the Swiss Centre for Scientific Research 
in Côte d’Ivoire in partnership with the National Institute of Public 
Health of Côte d’Ivoire.

As part of this project, children were pre-selected two weeks before 
the trial began, on the basis of haemoglobin levels. 

• Ethical aspects
The study was carried out in accordance to the ethical rules relating 
to investigations involving human beings in Côte d’Ivoire.

Results
A total of 588 pupils were included in the study, with a mean age 
of 9.8 ± 2.3 years. The children were predominantly male (57.1%), 
with a sex ratio of 1.3 (Figure 1). 

Figure 1: Distribution of Children by Gender

The breakdown by place of origin and level of education is shown 
in Table 1.

Table 1: Socio-Demographic Characteristics of The Survey 
Population

Headcount Percentage (%)
School
Aluiminankro 76 12,9
Bringakro 110 18,7
Gbohua 132 22,4
N’Dakouassikro 133 22,6
Taffissou 137 23,3
Class
CP1 116 19;7
CP2 137 23,3
CE1 127 21,6
CE2 85 14,5
CM1 57 9,7
CM2 66 11,2
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Table 2: shows the distribution of the survey population according to the results of biological and anthropometric tests:

Table 2: Distribution of Survey Population According to Biological and Anthropometric Test Results
Headcount Percentage (%)

Anemia
yes 410 70.7
no 170 29.3
Malaria test
Positive 330 56.9
Negative 250 43.1
Helminths
yes 318 54.9
non 261 45.1
Chronic global malnutrition
yes 110 22.4
no 382 77.6

The mean hemoglobin level was 111.4 ± 10.0 g/L (table 2); anemia was found in 70.7% (95% confidence interval [CI] 67.0-74.4) of 
them, and 56.9% had a positive thick drop (95% CI 52.9-60.9). Stool helminths were found in 54.9% of children (95% CI 50.9-59.0). 

In the study population, 22.4% of children had chronic global malnutrition. 

Table 3: shows the correlation of malaria, helminths and chronic malnutrition with anemia using Pearson’s χ² test:
Anemia is associated with chronic malnutrition (Pearson’s χ²= 5.480; p = 0.019). 
Anemia is correlated with malaria (Pearson’s χ²= 9.016; p=0.003). 

Table 3: Relationship Between Anemia and Parasitological and Anthropometric Results
Anemia

No Yes
Headcount Percentage Headcount Percentage p

Helminths (Pearson’s χ² = 2.994)
No 65 27,0 176 73,0 >0,05
Yes 89 34,1 172 65,9
Malaria test (Pearson’s χ² = 9.016)
negative 81 38,0 132 62,0 0,003
positive 74 25,5 216 74,5
Chronic malnutrition (Pearson χ²= 5.480)
no 130 33,5 258 66,5 0,019
yes 24 21,8 86 78,2

The analysis of chronic malnutrition as a risk factor for anemia is presented in table 4. Children with chronic malnutrition were about 
twice as likely (OR = 1.81) to develop anemia as those without.

Table 4 : Association between anaemia and chronic malnutrition
Variable  Odds ratio IC95%  p-value
Chronic malnutrition
Yes 1,81 1,10-2,97
No 1,00 - 0,019

Discussion
In Côte d’Ivoire, the causes of anemia in school-age children have 
not been extensively researched. The few studies that have looked 
into the subject have found that only half of all anemias are due 
to iron deficiency [9, 10]. Other studies, on the other hand, have 
cross-referenced anemia with the morphological characteristics of 

erythrocytes (hypochromic, microcytic, etc.) and found a strong 
association between hypochromia and microcytosis with anemia [16].
The aim of our study was not to provide an estimate of the nutritional 
and health status of school-age children, but to investigate the 
relationship between anemia and chronic malnutrition, malaria 
and helminthiasis. 
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In this regard, the rate of malaria and helminth parasitaemia is 
comparable to, and even slightly lower than, the results revealed 
in a survey carried out in the Agnéby region of southern Côte 
d’Ivoire: Yapi et al. found a helminth prevalence of 68% among 
schoolchildren [16], while with regard to malaria, the Toumodi 
District annual report in 2005 reported a prevalence rate of 63% 
among school-age children.

Concerning the anthropometric results, the frequency of chronic 
malnutrition or stunting increased with age. This is due to the fact 
that, after the age of two, there is little chance of any intervention 
improving growth; thus, stunted growth acquired at an early age 
can hardly be recovered.

The relationship between anemia and chronic malnutrition shows 
that anemic children are twice as likely to be stunted (chronically 
malnourished) as non-anemic children. In fact, chronic malnutrition 
results from a long-term unfavorable nutritional situation, as well 
as from repeated infections. Thus, infections accompanied by 
anorexia and a consequent drop in food intake, both quantitative 
and qualitative, can be responsible for stunted growth, which 
in time can lead to anemia. A diet that is poor in micronutrients 
(iron, vitamin A, calcium, zinc) and macronutrients (protein, 
lipids, carbohydrates) has an impact not only on the child’s stature 
(stunted growth), but also on the clinical state, manifested by 
certain syndromes, including anemia. 

Conclusion
Chronic malnutrition and anemia among rural schoolchildren in 
the Toumodi Health District are closely linked. It would therefore 
be necessary to insist on nutritional education of the population for 
a healthy and balanced diet, but also on hygiene and environmental 
sanitation measures to reduce anemia.
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