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Abstract: The aim of this study is to contribute to improve the nutritional status of children under 5 years old in six districts of 

the city of Abidjan (Abobo, Koumassi, Yopougon, Treichville, Marcory and Cocody). This study was conducted on a cohort of 

480 children at the rate of 80 children per municipalities. The results showed a negative correlation (p <0.005) between the 

increase in macronutrient intake and prevalence of protein-energy malnutrition. The iron status of children is negatively affected 

by higher intakes of fiber, phytates and polyphenols (p <0.005). However, higher intakes of vitamin C and iron are associated 

with higher serum iron with respective positive correlation R
2
 = 0.903 for iron and R

2
 = 0.563 for vitamin C (p <0.005). Contrary 

to the serum iron, serum calcium concentrations remain constant regardless of the contributions in anti-nutritional factors and 

nutrients to improve it, such as vitamin C and calcium. 
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1. Introduction 

In developing countries, protein-energy malnutrition and 

micronutrient deficiency are real public health problems [1]. 

Studies conducted by WHO in 2001 showed that children 

from 0 to 5 years are particularly vulnerable to these 

nutritional disorders because any deficiency at this age can 

lead to irreversible consequences. In addition, it was 

established that a child who does not get enough nutrients in 

his daily diet is exposed to various forms of malnutrition such 

as protein-energy malnutrition (PEM), nutritional anemia and 

xerophthalmia [2]. Calcium deficiency has also a significant 

impact on the child growth. It is unfortunately not uncommon 

that a child bears both and to varying degrees of the traces of 

these different forms of malnutrition [3]. In sub- Saharan 

Africa, the World Health Organization (WHO) in 2008 

recorded more than 8 million children affected by 

protein-energy malnutrition (PEM) more or less severe, which 

can affect their physical and intellectual development and, 

ultimately, their ability to participate in the development of 

their country [4]. Recent work in Niger, Mali, and Burkina 

Faso showed that child with malnutrition remains a serious 

public health problem [3,4,5]. In these three countries, 

stunting affects approximately 45-61% of children under 5 

years old, while the prevalence of underweight (weight / age) 

is 32 to 64%. As for the children victims of micronutrient 

deficiency (mainly iodine, iron and vitamin A), it was 

estimated that there were 11 million children in 2009 in West 

Africa [6]. Ivory Coast, mainly agricultural country, 

unfortunately, is not ruled out by child malnutrition. The 

prevalence of PEM among children in northern Cote d'Ivoire 

is estimated at over 40% [7]. To the west of the country, the 

SMART report found a prevalence of 37% of the MPE in 

children [8]. In addition, at the clinical level, work has shown 

that over 70% of children under 5 suffer from anemia in Côte 

d'Ivoire [9,10]. Anemia can be due to various factors such as 

sickle cell anemia, intestinal parasites, but the major cause of 

this condition is iron deficiency. Data on calcium deficiency 

are almost nonexistent. However, stunting affecting 54% of 

children in West Africa could be related to calcium deficiency. 

Dietary intake plays a major role in preventing all forms of 

malnutrition aforementioned. It therefore important to solve 

the problems of malnutrition in children, to properly 

understand their nutritional intake. It is in this context that we 

have undertaken this study which aims to assess the nutrient 

intakes of children under five and establish correlations with 

the three forms of protein-energy malnutrition, iron status and 

serum calcium. 
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2. Materials and Methods 

2.1. Study Population 

This study is a descriptive cross-sectional survey that 

examined 480 children in 6 municipalities of the city of 

Abidjan, Ivory Coast. The municipalities involved areAbobo, 

Cocody, Koumassi, Marcory, Treichville and Yopougon with 

80 children by municipalities. 

2.2. Assessment of Nutritional Status of Children 

The nutritional status of children has been assessed from the 

usual indices based on the combination of weight, size, age 

and sex: 

- The index height-for-age that can identify children with 

growth failure 

- The index weight for height that identifies the subjects 

children to emaciation. 

- The index weight-for-age that can identify children who 

are underweight. 

2.3. 24-hour Recall 

The 24-hour recall began with a parent has with the children 

so that they provide information about their food consumption 

the night before. Then, a short questionnaire is subjected 

children to fill possible omissions of the parents. Respondents 

were then asked subjects to estimate the quantities of food 

consumed. Finally, the intake of nutrients and anti-nutrients 

are obtained after biochemical assay of food. 

2.4. Determination of Serum Calcium 

Two 2 ml blood taken beforehand are centrifuged at 3500 

revolutions / second for 10 minutes. The plasma obtained after 

centrifugation is collected in Eppendorf tubes (1.5 ml) and 

deproteinized with sulfosalicylic acid. After stirring, the tubes 

were centrifuged at 3500 revolutions / second for 10 minutes. 

The pellet containing the deproteinized plasma is mixed with 

an oxalate buffer with a ratio 2/3. After standing for 30 

minutes, the resulting mixture was centrifuged as before. The 

resulting precipitate was dissolved in perchloric acid and the 

whole is stirred vigorously for 10 seconds. To determine 

serum calcium, the flame photometer is set at the position of 

the calcium filter. The goal is to get the value zero for distilled 

water and 50 for the calcium chloride solution. After 

calibrating the photometer, the plasma concentration of 

ionized calcium in mg / 100 ml is calculated by dividing the 

numerical value given by the flame photometer by 5 because 

of dilution. 

2.5. Determination of Serum Iron 

In a centrifuge tube of 20 ml, is placed 3 ml of serum 

previously taken which are added 1.5 ml of ClHN 

(Ammonium chloride) to ensure ionization of serum iron. 

After stirring followed by a rest period of 10 minutes, was 

added 3 ml of 20% trichloroacetic acid. The whole is then 

centrifuged for 15 minutes at 4000 revolutions / minute. The 

clear supernatant was decanted in a small graduated cylinder. 

We note the volume (n) collected. This volume is transferred 

into a volumetric flask of 10 ml. Two drops of 

para-nitrophenol is added in alcoholic solution to 1% and then 

neutralized with ammonia until the color changes to yellow. 

We reacidified a few drops of SO4H2 (0.5N) until 

discoloration. To the obtained colorless liquid, are added 1 ml 

of aqueous 2% hydroquinone solution B and 0.5 ml of 

aqueous O-phenanthroline solution at 0.5%. The volume is 

then made up to 10 ml with bidistilled water. The reagents are 

mixed by shaking and colorimetry is performed after a rest of 

one hour. After mixing, the color will develop for 1 hour, then 

the measurement is made at MILLER colorimeter. 

2.6. Statistical Analysis 

Significance levels of the effects of food intake on 

nutritional status, and hematological parameters of children 

were studied. Where a factor included more than two levels or 

modalities, the corresponding results are compared in pairs by 

the Chi-2 test to determine those among them present a 

significant difference. 

3. Results 

3.1. Impact of Food Intake on the Nutritional Status of 

Children 

3.1.1. Impact of Dietary Intake on Wasting 

Figure 1 shows the relationship between dietary intake and 

wasting. Correlations between macronutrient intake and 

wasting are very high. The results showed correlations: R
2
 = 

0.862 for protein intakes, R
2
 = 0.894 for carbohydrate intake, 

and R
2
 = 0.901 for fat intake p<0.005. The average prevalence 

of wasting is reduced by about 8% to 3% when the protein 

intake increased by 20 to 80 g/d; from 7% to 4% when the 

carbohydrate intake increased by 10 to 220g/d and from 8% to 

4% when the lipid contributions increase by 15 to 40%. 

3.1.2. Impact of Food Intake on Stunting 

Figure 2 shows the relationship between food intake and 

stunting. There is a strong negative correlation between 

protein intake and growth retardation (R
2
 = 0.911) p<0.005. 

Thus, when the protein intake increases from 15 to 80 g/d the 

average prevalence of children with stunted growth decreases 

from 40% to 7%. The increase in carbohydrate and lipid intake 

is also associated with a lower prevalence of stunting but with 

lower correlations, however, R
2
 = 0.514 respectively for 

carbohydrate intake and R
2
 = 0.511 for fat intake p<0.005. 

3.1.3. Impact of Food Intake on Underweight 

Figure 3 shows the relationship between food intake and 

weight insufficient. Overall, the increased intake of 

macronutrients (carbohydrates, protein and fat) is associated 

with a significant reduction of underweight in children 

p<0.005. However, the highest correlation is the one between 

carbohydrates with underweight (R
2
 = 0.899). Indeed, the 

average prevalence of underweight is 20% in children with a 

carbohydrate intake of about 110g / day down to less than 5% 
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in children receiving more than 200g of carbohydrates per day. 

 

Figure 1. Impact of food intake on wasting. 

 

Figure 2. Impact of food intake on stunting. 

 

Figure 3. Impact of food intake on underweight. 

3.2. Impact of Food Intake on Serum Iron and Serum 

Calcium 

3.2.1. On Serum Iron 

The iron status of children is negatively affected by higher 

intakes of fiber, phytates and polyphenols (Figure 4). 

Correlations between serum iron and various anti-nutritional 

factors are respectively R
2
 = 0.556 for fibers, R

2
 = 0.493 for 

the polyphenol, R
2
 = 0.506 for phytate p<0.005. 

However, higher intakes of vitamin C and iron are 

associated with higher serum iron with respective positive 

correlation R
2
 = 0.903 for iron and R

2
 = 0.563 for vitamin C 

p<0.005. 

3.2.2. On Serum Calcium 

Figure 5 shows near-zero correlations between serum 

calcium and anti-nutritional intake, vitamin C and calcium. 

Contrary to the serum iron, serum calcium concentrations 

remain constant regardless of the contributions in 

anti-nutritional factors and nutrients to improve it, such as 

vitamin C and calcium. 
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Figure 4. Impact of food intake on serum Iron. 

 

Figure 5. Impact of food intake on serum calcium. 
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4. Discussion 

Increased intakes of macronutrients (protein, carbohydrates 

and fat) leads to significant reductions of the three forms of 

protein-energy malnutrition (wasting, stunting and 

underweight) in children. These results are similar to 

observations of many authors who have shown that 

protein-energy malnutrition results from a deficiency of 

macronutrients [11,12,13]. 

Furthermore, it was demonstrated that in children, reduced 

protein intake is associated with a 67% increase in stunting 

[14]. It has been established that a protein deficiency causes a 

loss of bone mass (osteopenia) and loss of muscle mass 

(sarcopenia). In addition, a daily carbohydrate intake below 4 

g / kg in children are associated with wasting and underweight 

[15]. The carbohydrate deficit could cause the body to dip into 

fat reserves which leads to weight loss of the child. The results 

concerning the role of lipids in protein-energy malnutrition 

differ according to the authors. As some authors suggest that 

adequate intake of carbohydrates and protein are sufficient to 

prevent protein-energy malnutrition, independent of lipid 

intake [16]. By cons, others have shown that a daily intake of 

fat from 2g / kg in children allowed to reduce by 22% 

underweight [17]. 

At the level of serum iron, it was established that increased 

intakes of fiber, phytates and polyphenols is correlated with 

lower serum iron. These antinutrients (fibers, polyphenols and 

phytates) are responsible for the decreased absorption of 

nutrients in the intestinal lumens[18]. Increased intakes of 

vitamin C and iron are positively correlated with serum iron. It 

has been shown that serum iron increased by 83% for iron and 

67% for vitamin C[19]. Consuming foods rich in iron and 

vitamin C may reduce the risk of iron deficiency and anemia 

in children. Indeed, in children 6 to 36 months, it has been 

demonstrated that the introduction of foods such as meat and 

giblets to decrease from 42 to 76% cases of anemia [17]. Some 

authors have also shown that eating citrus fruits such as orange, 

tangerine and lemon substantially improve the absorption of 

non-heme iron from plant foods [20]. 

Regarding serum calcium no correlation was observed with 

both micronutrient intake (vitamin C, calcium) as 

anti-nutrients (fiber, phytates and polyphenols). Whatever the 

food consumed the calcium content remains stable in the body. 

Similar observations were reported by other authors. It has 

been demonstrated that in preschool-age children, 

notwithstanding the low intakes of calcium in serum calcium 

remained constant [21]. In addition, constant intake of calcium 

rise to any increase in calcium levels in the urine (urinary 

calcium), but not in blood [22]. The constant level of calcium 

in the blood regardless of food eaten may be due to a 

calcium-regulating mechanism in the body. This control 

system leads the body to dip into bone calcium reserves 

necessary to maintain stability in serum calcium. If the 

calcium content is high following the consumption of foods 

rich in calcium, the body will remove excess calcium in the 

urine. It was established that the body by drawing calcium in 

the bone reserves would entail a risk of demineralization of the 

bone structure, stunting and rickets, dry skin and broken nails 

in children [21]. It is therefore essential to provide the body 

the calcium necessary for its operation. 

5. Conclusion 

This study showed that nutritional and hematological 

status of children is closely linked to their diet. In fact, there 

is a negative correlation between the increase in 

macronutrient intake and the prevalence of protein-energy 

malnutrition. In addition, there is a negative correlation 

between the contributions of anti-nutrients and serum iron 

while high intakes of vitamin C and iron have a positive 

impact on serum iron content. Whatever micronutrient intake 

and antinutritiments serum calcium does not vary among all 

children surveyed. 
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