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INTRODUCTION 

 

 Anemia has been a public health problem worldwide. Anemia is a condition characterized by reduction in the number of red 

blood cells and/or hemoglobin concentration (WHO, 2011). Anemia is a significant risk for adolescents in sub-Saharan Africa and 

South Asia, where its prevalence was above 40% in 2009. Its major cause among adolescents is malnutrition (Anthony and 

Brazier, 2011). Nutritional deficiency remains the major problem for people in developing countries. Anemia and stature 

deficiency are some of the consequences. Hematologic disturbances observed in children in the Agnébi region (Southern region of 

Côte d’Ivoire) showed a strong association with stature deficiency (Yapi et al., 2005). In addition, socio-demographic factors such 

as father's educational level and household size were correlated with the presence of anemia among children in three schools from 

three towns in Abidjan city located in the Southern part of Côte d'Ivoire (Kokoré et al., 2013). The reasons for these correlations 

remain to be elucidated. Unfortunately, such research has not been undertaken in all the region of the country especially the Gôh 

region. 

Abstract 
 
Background: In Côte d’Ivoire, as in most of sub-Saharan country some studies mentioned presence of anemia and 
staturoponderal deficit in young’s populations. However, there is a paucity of evidence about the association of 
anemia with staturoponderal deficit among the adolescents in the Gôh region. 
Objective: Purpose of study was to determine the prevalence of anemia and some anthropometric and 
sociodemographic factors which are associated in pupils attending two high schools of Gagnoa (Côte d’Ivoire).  
Subjects and methods: The study was carried out on 184 adolescents (94 girls and 90 boys) aged 11 to 18 
recruited in Senior High Schools 1 and 2 of Gagnoa. Haematological parameters (hemoglobin level, mean 
corpuscular volume and mean corpuscular hemoglobin concentration) using an automatic analyzer (Sysmex 
XP3000, France) on the elbow each subject. Height and the body weight of each subject were monitored using a 
measuring rod with a metric tape and a scale respectively. Anthropometric indices (height-for-age Z-score and 
BMI Z-score) were calculated according to the WHO growth references. A questionnaire was developed to 
information on the socio-demographic.  
Results: The prevalence of anemia was 34.2% in the total population with 36.2% for girls and 32.2% for boys. The 
prevalence of anemia in anemic adolescents with impaired stature and weight were 17.5% and 11.1%, 
respectively. Socio-demographic factors such as level of education level, Professional status of the father, 
household size and sibling rank did not influence the distribution of anemia among adolescents population. 
Conclusion: The study revealed that 34.2% of adolescents had anemia. The high of anemia in this population is not 
related to its anthropometric status and to different socio-demographic factors. Further, study with large sample 
size is needed. 
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 Study conducted in two Senior High Schools of Gagnoa aims at determining prevalence anemia and also to establish 

correlations between this anemia and the anthropometric and socio-demographic factors in a population of students attending 

these schools.  

 

MATERIAL AND METHODS 

 

Population and study sites 

 This investigation is a cross-sectional descriptive and analytical study conducted among adolescents between January and 

April 2016. The study population consisted of 184 students recruited in the Senior High. The subjects were between 11 and 18 

years with an average of 14.4 ± 0.2 years. This population consisted of 94 girls (51.1%) and 90 boys (48.9%). Students who were 

apparently healthy based on the information provided by their parents, the Institutional Administration and the General Hospital 

medical team were included in this study. On the other hand, the children for whom we received a refusal of consent expressed by 

their parents, those who were sick one month before the collection of our data and the girls at the menstruation period were 

excluded from this study.  

 

Collection of data 

 Written consent was obtained from parents or legal guardians of the adolescents to participate in the study. The purpose of the 

study and procedures were explained to all adolescents and their parents. This study has been ethical through the laboratory of 

Physiology, Pharmacology and Pharmacopoeia in accordance with international principles. 

 

Blood sampling and hematological analysis 

 Venous blood samples were taken from the elbow of each fasting student and collected in tubes containing an anticoagulant, 

Ethyl Diamine Tetra Acetic between 8:00 am and 10:00 am. Blood samples were used for immediate determination of blood count 

using an automatic analyzer (Sysmex XP300, France). The hematological parameters considered in this study were hemoglobin, 

mean corpuscular volume and mean corpuscular hemoglobin concentration. 

 Prevalence of different types of anemia were in accordance with the criteria established in the work of Coyer (2005) and in 

relation to the values of erythrocyte constants. Thus, anemia was defined by a level of hemoglobin less than 12 g/dL while 

microcytic anemia was an average blood cell volume’s value less than 80 fL. Normocytic anemia was represented by a normal 

mean corpuscular volume value of between 80 and 95 fL. Mean corpuscular volume value greater than 95 fL indicate of 

macrocytic anemia. Anemia is said to be hypochromic when the mean corpuscular hemoglobin concentration is less than 27 

pg/cell. Anemia is normochromic for a normal mean corpuscular hemoglobin concentration value of 27 pg/cell.  

 

Collection of anthropometric data 

 Anthropometric parameters were measured on the basis of the WHO standard method (WHO, 1983). The body weight of the 

subjects was monitored using a mechanical weighing scale (CAMRY BR9709, France) with an accuracy of 0.5 kg. Height was 

measured using metric tape, locally manufactured, with an accuracy of 0.1 cm. Before the monitoring of the body weight (P) and 

the height (T) of each subject’s shoes were removed. Body mass index, also referred to as the "Quételet index" in kg/m
2
, was 

calculated by dividing body weight by the height squared (Cogill, 2003; Cole et al., 2007). 

 Height-for-age and Body mass index-for-age indices of each student were calculated as a Z score as reported by Cogill 

(2003). These indices were used for the anthropometric evaluation of students. Z-values or standard deviations were used for the 

classification of the statural and weight states through the anthropometric index categories of adolescents. Thus, the size deficit, 

underweight and thinness are defined by WHO for Z scores below -2 SD (Butte et al., 2007). 

 

Socio-demographic data collection 

 Socio-demographic information was collected using a survey sheet prepared for each adolescent. Age was calculated from the 

date of birth and data provided by each student's academic record. Data such as occupation and educational attainment of the head 

of household, number of children in household and rank in siblings were collected from students and/or their parents. 

 

Statistical analysis 

 The results of the hematological studies and and anthropometric were presented as proportions. The comparisons of different 

proportions were performed by the test of Loglikelihood ratio (Test “G”) with the statistical software “R” version 3.3.2. The risk 

of error was set at α = 0.05 for the tests performed. 

 

RESULTS 

 

1- Anemia in the study population 

1.1- Anemia according to the level of hemoglobin  

 The prevalence of anemia (hemoglobin level ˂ 12 g/dL) among students in the Senior High schools 1 and 2 of Gagnoa is 

presented in table 1. Results showed that the prevalence of anemia is 34.2% in this population. In the subgroups, the results 

revealed an anemia prevalence of 36.2% and 32.2% respectively for girls and boys. However, the difference between this two 

prevalence of anemia observed in girls and boys was not significant (p>0.05). 
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1.2- Types of anemia according to the mean cell volume and mean corpuscular hemoglobin concentration values 

 Table 2 indicates the proportions of anemia in terms of mean cell volume and mean corpuscular hemoglobin concentration 

values. Results revealed four types of anemia in the total population. Among the anemic adolescents, 20.6% had normal values of 

mean cell volume and mean corpuscular hemoglobin concentration. That is a normochromic normocytic anemia. 23.5% and 

17.2% of students with this type of anemia are respectively girls and boys. The difference between these two proportions is not 

significant (p˃0.05). Hypochromic normocytic anemia was observed in 6.3% of subjects in the total study population of which 5.9 

% and 6.9% are respectively girls and boys. No cases of macrocytic anemia was found in this population. Normochromic 

microcytic anemia is 17.4% in the study population with 17.6% in girls and 17.2% in boys. These values obtained are 

substantially equal within the two subgroups of the population. Prevalence of hypochromic microcytic anemia is 55.5% in the 

total study population of which 52.9% and 58.6% respectively among girls and boys. This type of anemia is predominant in the 

study population. The difference observed for both sexes is not significant (p>0.05). 

 

2- Anemia and anthropometry  

 Results proportions of anemia in the study population, according to the different nutritional statuses, are recorded in table 3. 

Anemic and non-anemic pupils were found in all classes of anthropometric status. Among the subjects in stature deficiency, the 

results revealed 17.5% of anemic students while 10.7% of them have no anemia. Difference between two proportions was not 

significant (p>0.05). Results also showed that 8.3% and 11.1% of the underweight subjects were non-anemic one and 11.1 were 

anemic subjects were recorded without any difference (p>0.05) between these two subpopulations. In addition, study revealed 

only one case of obese with anemia. 

 

3- Anemia and socio-demography 

 Results indicated some cases anemia in different socio-demographic classes (father's educational level, father's employment 

status, household size or sibling rank), within the study population (Table 4). Regarding the level of education of the head of 

household, students whose head of household are not educated presented 15.9% of anemic subjects and 20.7% of non-anemic 

subjects. On the other hand, among students with educated father, the results showed 84.1% of anemic subjects and 79.3% of non-

anemic subjects. The differences observed were not significant (p>0.05). With regard to the professional status of the head of the 

family, results showed 65.1% of anemic pupils and 71.9% of non-anemic pupils were observed among pupils whose head of 

household has no fixed income. This difference is not significant (p > 0.05). Anemia accounted for 34.9% and non-anemic 28.1% 

of students whose head of household had a fixed income with no significant difference (p>0.05).  

At level household size, anemic subjects accounted for 9.5% and non-anemic subjects for 10.7% of students who belong to a 

household of size less than or equal to 5 children. Among students from a household larger than 5 children, this study showed 

90.5% anemic and 89.3% non-anemic. These observed differences are not significant (p> 0.05). 

As for the rank occupied in siblings, the proportions of anemic and non-anemic students were 33.3% and 29.7%, respectively, for 

students whose rank in siblings is less than or equal to 4. The percentage of the number of students with anemia was 66.7% and 

that of non-anemic patients is 70.3% among students whose rank in the siblings is greater than 4. The differences observed are not 

significant (p > 0.05).  

 

Table 1: Prevalence of anemia  

Study population N 
Anemia prevalence  

n % p 

Total population 184 63 34.2  

Girls 94 34 36.2 
ns 

Boys 90 29 32.2 

Total number of students in each group: N; number of anemic students observed in each group: n; not significant difference 

(p>0.05): ns 

 

Table 2: Proportions of different types of anemia 

Types of anemia 

 

Total population anemia  

N = 63 

Anemic girls 

N = 34 

Anemic boys 

N = 29 p 

n % n % n % 

Normochromic normocytic anemia 13 20.6 8 23.5 5 17.2 ns 

Hypochromic normocytic anemia 4 6.3 2 5.9 2 6.9 ns 

Normochromic macrocytic anemia 0 0 0 0 0 0 ns 

Hypochromic macrocytic anemia 0 0 0 0 0 0 ns 

Normochromic microcytic anemia 11 17.4 6 17.6 5 17.2 ns 

Hypochromic microcytic anemia 35 55.5 18 52.9 17 58.6 ns 

Total number of adolescents for each group: N; number of anemic adolescents observed in subgroups: n; not significant difference 

between both sexes for p>0.05: ns 
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Table 3: Proportions of anemia according to nutritional status 

Nutritional indicators 

Non-anemic population 

N = 121 

Anemic population 

N = 63 p 

n % n % 

Size-for-age (Z score)      

Shortage of stature 13 10.7 11 17.5 ns 

Normal size 108 89.3 52 82.5 ns 

BMI-for-age (Z score)      

Underweight 10 8.3 7 11.1 ns 

Normal weight 111 91.7 55 87.3 ns 

Obese 0 0 1 1.6 ns 

Number of adolescents per group: N; number of anemic adolescents observed in subgroups: n; non-significant difference between 

both subgroups for p>0.05: ns 

 

Table 4: Proportions anemia by socio-demographic characteristics 

Socio-demographic parameters 

Non-anemic population 

N = 121 

Anemic population 

N = 63 
p 

n % n % 
 

Level of education of the head of the family      

Educated 25 20.7 10 15.9 ns 

Uneducated 96 79.3 53 84.1 ns 

Professional status of the householder      

Without fixed income 87 71.9 41 65.1 ns 

With fixed income 34 28.1 22 34.9 ns 

Household size      

≤ 5 13 10.7 6 9.5 ns 

> 5 108 89.3 57 90.5 ns 

Rank in the siblings      

≤ 4 36 29.7 21 33.3 ns 

> 4 85 70.3 42 66.7 ns 

Number of adolescents per group: N; number of anemic adolescents per subgroup: n; non-significant difference between the two 

population subgroups for p>0.05: ns 

 

DISCUSSION 

 

 Our study revealed 34.2%, 36.2% and 32.2% as prevalence of anemia in the total population, in the girls and boy’s subgroups 

respectively. Among the anemic subjects, 20.6% of the total study population, 23.5% of girls and 17.2% of boys were of 

normochromic normocytic type. Hypochromic normocytic anemia had prevalence of 6.3% in the total population of anemia, 5.9 

% in girls and 6.9% in boys. No prevalence of macrocytic anemia has been reported by this study. 17.4% of normochromic 

microcytic anemia was observed at in the total population with anemia, 17.6% in girls and 17.2% in boys. Prevalence of 

hypochromic microcytic anemia was 55.5% in the total population of anemia, 52.9% and 58.6% respectively among girls and 

boys. These high prevalence of anemia in this population suggest that hemoglobin levels are generally low among students in 

Gagnoa’s Senior High Schools 1 and 2. These values are lower than those obtained by Yapi et al. (2005) in the Agnéby region 

(Southeast of Côte d’Ivoire) and those of Atto et al. (2012) in the city of Abidjan. In fact, in the Agnéby region, similar studies to 

ours, conducted by Yapi et al. (2005) in a young population between 7 and 15 years, reported 51.5% of anemias in this populat ion, 

40.7% of anemic girls, 59.3 % of anemic boys with 89% microcytic anemia and 86.5% hypochromic one. As for the studies 

carried out in the city of Abidjan, they revealed that 53.1% of the study population, 43.6% of the girls and 62.2% of the boys had 

anemia. These same authors observed that 44.4% and 60.3% of the anemic population were respectively microcytic and 

hypochromic (Atto et al., 2012). Also, higher results were obtained in Karnataka (India) with a value of 41.5% (Sharanabassappa 

and Suganya, 2018). Higher prevalence of anemia in girls than in boys is thought to be due to menstruation that cause teenage 

girls to lose blood periodically (Blum, 1991; Johnson-Wimbley and Graham, 2011, Sachan et al., 2013). Results similar to ours 

with overall prevalence of anemia varying between 24 and 38% were obtained in adolescent girls in Ethiopia (Gebreyesus et al., 

2019) and in Egypt with overall prevalence of 38.7% (Aref and Khalifa, 2019). Some authors have reported that the prevalence of 

microcytic and hypochromic anemia, generally high in the Africa, is mainly due to chronic inflammatory processes and 

micronutrient deficiencies, especially iron and vitamins (Capanema et al., 2003). These causes could also be linked to 

geographical areas with a high prevalence of infectious diseases and malnutrition (Berger, 1996). 

 This study revealed that the cases of anemia observed in the population of pupils of Gagnoa’s Senior High Schools 1 and 2 

are neither influenced by the different classes of nutritional status nor correlated with the different socio-demographic classes of 

this population. These results are contrary to those previously conducted in the city of Abidjan by Kokoré et al. (2013). Indeed, 

these authors’ study revealed that the underweight that characterizes acute undernutrition and estimated at 15.5% is more common 

in anemia with a rate of 35.4% than in non-anemic patients with 29.4%. In addition, significant difference between the prevalence 
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of anemia (p = 0.02) among schoolchildren based on the father’s education level (Kokoré et al., 2013). However, these results 

were partly consistent with those of previous authors. They observed that the prevalence of stature deficiency (among anemic 

subject, 27.7% are in deficiency stature against 30.5% of normal stature) does not influence the distribution of anemia in their 

study population. 

 

CONCLUSION 

 

 The study of anemia in the adolescent population of the Senior High revealed a prevalence of anemia of 34.2% in the total 

population (36.2% and 32.2% respectively in girls and boys’ subgroups). These anemias were predominantly microcytic and 

hypochromic, ie prevalence of 55.5% in the total population of anemia, with respectively 52.9% and 58.6% in girls and boys. The 

high prevalence of anemia is not related to the adolescents’ size and/or weight. Socio-demographic factors such as the level of 

education and professional status of the head of the household, the household size and the rank in the siblings, are not sufficient to 

explain this prevalence of anemia. Therefore, further studies to determine the status of micronutrients and especially the influence 

of infections are needed. 
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