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ABSTRACT 

	Aims: The objective of this study was to assess the prevalence of anemia and iron deficiency among pregnant women attending antenatal visits at the Eastern health district of Abobo in Abidjan, Ivory Coast.
Study design: Pregnancy causes metabolic changes that lead to numerous complications such as hemorrhage, hypertension, and anemia. The main cause of anemia is iron deficiency. However, iron status is not systematically assessed during pregnancy in Côte d'Ivoire. Therefore, the prevalence of iron deficiency anemia in this population is unknown.
Place and Duration of Study: This study took place in five health centers located in the Eastern health district of Abobo, a constituent town of the city of Abidjan in Côte d’Ivoire, between February 2022 to November 2022.
Methodology: Pregnant women were recruited during antenatal visits. After securing the patients' consent, the sociodemographic, clinical and biological data were collected using a survey form during an individual interview. Biological analyses such as whole blood cell count, serum iron and ferritin level assessment were performed.
Results: 500 pregnant women were recruited, with an average age of 27.65 ± 6.28 years. The prevalence of anemia was 24.2% (121/500), with normochromic normocytic anemia being the most common type of anemia with 61.5% (101/500), followed by hypochromic microcytic anemia with 35.5% (60/100). Several iron metabolism disorders were identified, the most common being inflammatory syndrome with 26.0% (130/500), followed by inflammatory anemia with 17.6% (88/500), and iron deficiency with 10.4% (52/500).
Conclusion: The efficient management of anemia in pregnant women depends on the etiology and requires testing with iron biomarker measurements, which will enhance the effectiveness of prenatal interventions.
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1. INTRODUCTION 

Anemia is a global public health problem with a high prevalence among children and women. The WHO estimates that approximately 38% of pregnant women are anemic worldwide, including 18% in developed countries and 35 to 75% in developing countries (WHO, 2015). According to a study conducted in Côte d'Ivoire, 40 to 50% of women of reproductive age are anemic (Staubli Asobayire, et al., 2001).  The causes of anemia are multifactorial including infectious causes, especially parasitic, as well as causes related to hemoglobinopathies, and micronutrient deficiencies. Among these, iron deficiency remains the most common cause. Iron requirements increase during pregnancy. This requirement is necessary for plasma volume expansion, increased red blood cell mass, growth of the fetal placental unit, and meeting fetal iron requirements. If maternal iron stores are depleted, this can lead to anemia, which in turn impairs oxygen delivery to the placenta and fetus. Anemia during pregnancy can lead to maternal and especially fetal complications such as in utero growth retardation, premature delivery, and perinatal mortality (Scholl, 2005). Iron deficiency during pregnancy has other consequences on the fetal brain function and development. Iron deficiency during pregnancy has other consequences on the functioning and development of the fetal brain. In response to maternal iron deficiency, iron transporters in the placenta and brain increase to compensate, resulting in iron accumulation in the fetal brain cells, which can lead to general dysfunction and abnormalities in the development of the nervous system. Iron deficiency will therefore cause irreversible damage to the fetal brain cells, with a significant risk of cognitive impairment, poor motor development, and behavioral disorders in the child (Lozoff, et al., 2006).
In developed countries, data on the prevalence of iron deficiency is available due to the assessment of specific ion biomarkers during pregnancy. Effective management of anemia in pregnant women depends on the underlying cause and requires a thorough assessment to identify and determine the etiology of the anemia. Measuring iron biomarkers will help reduce maternal and infant complications and tailor iron and folic acid supplementation (World Health Organization, 2012). Several observations in the developing countries, particularly the high cost of these tests in laboratories, help to explain why they are not part of antenatal care. In Côte d'Ivoire, a targeted free healthcare is provided to pregnant women, but iron metabolism is not part of routine antenatal care (Koffi, et al., 2008). As a result, data on the prevalence of iron deficiency and iron metabolism disorders during pregnancy in Côte d'Ivoire are insufficient. In addition, the therapeutic management of anemia in pregnant women is not always appropriate for the type of anemia.
The objective of this study was to determine the prevalence of anemia and iron metabolism disorders in pregnant women visiting the Eastern health district of Abobo for their antenatal care.

2. material and methods 

Study design and setting: This descriptive cross-sectional study is a part of a multidisciplinary project initiated by the Hematology and General Biology Teaching Unit of the Department of Pharmaceutical and Biological Sciences at the Felix Houphouët-Boigny University of Abidjan, Côte d'Ivoire. Five health centers located in the Eastern health district of Abobo, were the setting for patient recruitment and sampling. The biological analyses were performed at the Biology and Medical Research Laboratory of the National Institute of Public Health (NIPH) in Adjamé, a second constituent town of the city of Abidjan. This study was conducted from February 2022 to November 2022.
Study population: The study population consisted of pregnant women who came for antenatal visits, and gave their informed consent to participate in the study. 
Sample size and calculation method: The sampling was exhaustive. The minimum sample size was calculated using Schwartz's formula, considering an expected prevalence of 50%, a margin of error of 5%, and an α risk of 5%. The number of subjects required was at least 385 participants.
Inclusion criteria: Women with pregnancies (less than 20 weeks of amenorrhea) confirmed by ultrasound, attending their first antenatal visit, and residing in Abobo for the duration of the study were included.

Exclusion criteria: Pregnant women residing outside of Abobo, who had already started iron-based anemia prophylaxis and who came for their second or subsequent antenatal consultation were not included.
Sample collection and analysis: Four to five milliliters of peripheral blood were collected in EDTA-containing tubes and in tubes without anticoagulant according to standard laboratory protocols for biological analyses.
Hematological analyses: Complete blood cell count was performed on the Sysmex XT 2000i and serum iron and ferritin levels were assessed on the COBAS C311.

Anemia was defined as a hemoglobin level below 10.5 g/dl (gram per deciliter). It was defined as normocytic if the mean corpuscular volume (MCV) was between 80-99 fl (fentoliter) and as microcytic if it was below 80 fl. An anemia was considered normochromic if the MCH values were greater than or equal to 27 pg (picogram), and hypochromic if the MCH was less than 27 pg. The normal level of serum iron ranged from 0.5 to 1.7 mg/l (milligram per liter), and the normal level of ferritin from 5 to 200 ng/ml (nanogram per mililiter) in women. Iron deficiency was defined as a ferritin level < 5 ng/ml in a woman. The data were collected on individual survey forms and analyzed using Microsoft Excel 2016 software.

3. results and discussion

500 women participated in the study. Their average age was 27.65 ± 6.28 years, ranging from 16 to 47 years. The 20-30 age group was the most represented (56.8 %). Ivorian patients (84.8%) and those in couple relationships (76.4%) predominated. Details of the sociodemographic parameters are summarized in Table 1. The average age and the age range are similar to the results of the work from Tchente conducted at the General Hospital of Douala in Cameroon. In these studies, the recruited women were aged 18 to 44 (Tchente, et al., 2016 ; Arshad et al., 2021). This age group reflects data from the 2021 global population census, which shows that the Ivorian population remains extremely young, with 75.6% of the total population under the age of 35 (RGPH, 2021). Furthermore, this age group corresponds to a period of intense sexual activity among women, according to the National Institute of Statistics (INS) and the Inner City Fund (ICF) International (INS, ICF, 2012).
The majority of pregnant women participating in this study were of Ivorian nationality, as previously reported in a study conducted by Essé et al. at the Cocody Regional Hospital in Abidjan, with a rate of 89.8% (Essé et al., 2018). In this study, the majority of pregnant women participating were living with a partner, according to the study by Tchente, which reported that 73.0% of women were married (Tchente et al., 2016).

Table 1: Patient data
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	Frequency (n)
	          Percentage (%)

	Age Group

	

	 < 20 
	41
	8.2

	[20-30[
	284
	56.8

	[30-40[
	157
	31.4

	> 40
	18
	3.6

	Total
	500
	100

	
Nationality

	Ivoirian
	417
	83.4

	Foreign
	83
	16.6

	Total
	500
	100

	
Marital Status

	In couple
	382
	76.4

	Single
	118
	23.6

	Total
	500
	100













Figure 1 shows the distribution of the type of anemia, and Table 2 shows the predominance of normochromic normocytic anemia with 61.5%, followed by hypochromic microcytic anemia with 36.5%. The prevalence of anemia was 24.2% similar to the ones reported by the WHO for the global population in 2005 and 2022. Respectively, 24.8% (WHO, 2008) and a quarter (25%) of the global population (Gallagher, 2022) are affected with anemia. A study by Rahmani Amal et al. in Algeria also showed similar observations, with a prevalence of 25.9% (Rhahmanie, et al., 2018). However, these results differ from those of other national, regional and global observations conducted among pregnant women. Initially, at the national level, the 2011-2012 Multiple Indicator Cluster Surveys revealed a prevalence of anemia with 64% among pregnant women (INS, ICF, 2012). Subsequently, in 2005, the WHO reported a prevalence of 41.8% among pregnant women worldwide, with 57.6% in Africa (WHO, 2008). In their study conducted in Douala, Cameroon, Tchente and colleagues reported a prevalence of 39.8% (Tchente, et al., 2016). The results of the meta-analysis conducted by Karami and colleagues revealed an overall prevalence of anemia of 36.8% among pregnant women (Karami, et al., 2022).  These differences could be explained by the fact that the WHO recommends targeted interventions, providing iron and micronutrient supplements to the most vulnerable segments of the population, particularly pregnant women (Gaggero, 2005). In Ivory Coast, these guidelines are well respected, and the beneficial effect of systematic iron, folic acid, and vitamin B12 supplementation for pregnant women is thought to reduce the prevalence of anemia. 
Regarding the severity of the anemia, there was 65.8% of mild forms of anemia, 33.5% of moderate forms, and 0.6% of severe forms. These results differ from those of Ilboudo in Burkina Faso, who observed 31.0% of mild forms, 41.5% of moderate froms, and 27.5% of severe forms (Ilboudo, et al., 2021). The low rate of severe forms in the current study could also be due to the regular monitoring of pregnant women in our setting and to the fact that these women received iron supplementation at their first antenatal visit. Normochromic normocytic anemia (NNA) was more common (61.59%), followed by hypochromic microcytic anemia (HMA) with a percentage of 36.58%. These results are comparable to those of Tchente, who observed 53.3% of NNA and 20% of HMA in his study (Tchente, et al., 2016).  Therefore, anemia still remains a public health challenge in the world and particularly in Ivory Coast.



Figure 1: Prevalence of anemia in the study population
Table 2: Distribution of the severity and type of anemia

	Parameters
	n
	%

	Degree of Anemia

	Mild (10-10,9 g/dl)
	108
	65.85

	Moderate (7 – 9,9 g/dl)
	55
	33.54

	Severe (< 7 g/dl)
	1
	0.61

	
Type of Anemia

	NNA
	101
	61.59

	MHA
	60
	36.58

	MA
	3
	1.83


*NNA: Normocytic Normochromic Anemia; MHA: Microcytic Hypochromic Anemia; MA: Macrocytic Anemia; g/dl: gram per deciliter

During this study, the mean values of iron metabolism parameters were within the reference values. Indeed, the mean ferritin level was 104.65 ± 85.52 µg/l [4.5–526.6]. The average serum iron level was 16.34 ± 10.81 µmol/l [1.2–199.4]. These results were significantly different from those observed by Bléyéré, who found a serum iron level of 8.1 ± 0.2 µmol/l and ferritin of 27.3 ± 0.8 µg/l. Overall, 22.4% of patients had a serum iron disorder with a clear predominance of hyposideremia in favor of iron deficiency. Figure 2 shows an evaluation of the biological indicators of iron metabolism. Iron metabolism disorders occurred in 67.20% of the cases. These disorders were dominated by the inflammatory syndrome, the inflammatory anemia, and the iron deficiency. Indeed, during the first trimester of pregnancy, the most frequent iron metabolism disorders are the inflammatory syndrome and the inflammatory anemia. Whereas during the second trimester, iron deficiency predominates. Our results differed from those of Bléyéré, who observed a predominance of the iron deficiency, followed by the inflammatory syndrome, and the inflammatory anemia. He also pointed out that iron status was disrupted in both non-pregnant women of childbearing age and pregnant women (Bléyéré, 2008).  This difference is probably due to the selection criteria related to the duration of the ongoing pregnancy (weeks of amenorrhea), but also to the quality of the antenatal care and compliance with supplementation among the women. Pregnancy is considered a major risk factor for iron deficiency and iron deficiency anemia. Arshad's study also showed that the prevalence of iron deficiency in women in the second trimester was lower than that of anemia; in fact, the authors found a higher prevalence of iron deficiency, which was 23.3% in the walled city of Lahore and 29.3% in the new city of Lahore (Arshad et al., 2021). This may also be due to the progressive rise of iron absorption during the second trimester of gestation and its relation with hepcidin as a critical player of iron homeostasis during pregnancy (Bencaiova et al., 2019 ; Gambia et al., 2017 ; Bothwell, 2000 ; Sangkhae et al., 2017).

Figure 2: Distribution of the study population according to iron metabolism disorders
Table 3: Types of iron metabolism disorders associated or not with anemia
	Parameters
	n
	%

	No Abnormality
	164
	32.8

	Isolated Anemia
	40
	8

	Inflammatory Syndrome
	130
	26

	Inflammatory Anemia
	88
	17.6

	Iron Deficiency
	52
	10.4

	Iron Deficiency Anemia
	12
	2.4

	Iron Deficiency + Inflammatory Anemia
	13
	2.6

	Thalassemia or Sideroblastic Anemia
	1
	0.2

	Total
	500
	100



Table 4 showed that there was a statistically significant difference between inflammatory syndromes, inflammatory anemia, iron deficiency, and the onset of anemia. These results indicate that the pathophysiology of anemia during pregnancy is complex and results from several factors, including iron deficiency and mechanisms associated with inflammation. Furthermore, iron deficiency remains a major cause of anemia during pregnancy, found significantly in the study participants especially among anemic patients. This result is consistent with recent meta-analyses estimating the global prevalence of iron deficiency anemia in pregnant women at approximately 19% (Kebede et al., 2024), and with WHO recommendations advocating systematic iron and folic acid supplementation for all pregnant women (WHO, 2025). 
These results are consistent with those of Bléyéré, who observed a correlation between disturbances in iron metabolism and the onset of anemia during pregnancy. These disturbances were dominated by iron deficiency (Bléyéré, 2008).  Disturbances in iron metabolism, particularly iron deficiency, could be explained by the fact that iron requirements increase during pregnancy. At first, the body's own needs must be met, as blood volume increases. Then iron requirements related to the fetal growth and development as well as the placental function must also be met. The association between inflammation, iron deficiency, and anemia highlights the importance of a comprehensive diagnostic approach that integrates both iron metabolism markers and inflammatory parameters. This makes it possible to distinguish the dominant mechanisms of anemia and adapt treatment accordingly.
Table 4: Correlation between iron metabolism and anemia according to the trimester of pregnancy

	
	Absence of anemia
	Presence of anemia
	P-value 
(<0.05)

	
	  n
	
	    n
	
	

	Inflammatory Syndrome

	First Trimester
	0
	
	77
	
	
            0.00

	Second Trimester
	0
	
	53
	
	

	Total
	0
	
	130
	
	

	
Iron Deficiency

	First Trimester
	7
	
	9
	
	
          0.02

	Second Trimester
	12
	
	24
	
	

	Total
	19
	
	33
	
	

	
Inflammatory Anemia

	First Trimester
	50
	
	0
	
	          0.00

	Second Trimester
	37
	
	0
	
	

	Total
	87
	
	0
	
	


*Fisher's exact test for values ​​<5; Chi-square test of independence in the general case (values >5)

4. Conclusion

Anemia and iron metabolism disorders during pregnancy remain an important but preventable public health issues. Appropriate measures must be put in place to thoroughly explore anemia in pregnant women by including iron biomarker testing during the initial antenatal checkup, with a view to identifying the etiology of anemia in the pregnant women in order to improve their care, and reduce the fetal and maternal complications associated with anemia.
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n	n=[VALUE]
([PERCENTAGE])
n=[VALUE] 
([PERCENTAGE])

Anemia	Not anemia	121	379	%	
Anemia	Not anemia	24.26	75.739999999999995	

n	n= 336
(67,2%)

n=[VALUE]
(32,8%)

Disturbed	Not disturbed	336	164	%	
Disturbed	Not disturbed	67.2	32.799999999999997	


