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 ABSTRACT 
Background: Iron-folate (IFA) supplementation is a well-established strategy for reducing anemia 

in pregnant women. Studies on the extent to which it reduces maternal anemia, its effect on 

leukocytes and platelet count are limited and require further investigation.  

Objective: This study aimed to assess determinants and effects of iron folate supplementation on 

maternal hematological indices among pregnant women in public hospitals in Addis Ababa, 

Ethiopia.  

Methods: An institution-based prospective cohort study was conducted in public hospitals in Addis 

Ababa from May 1, 2023, to March 30, 2024, with 410 participants selected through systematic 

random sampling. Data collection involved interviews, medical record reviews, laboratory tests, 

anthropometry, and blood pressure measurements. Statistical analysis was performed using SPSS 

Version 27, including Shapiro-Wilk test, descriptive statistics, paired sample t-tests, and Wilcoxon 

signed-rank tests. A p-value of less than 0.05 was considered significant. Logistic regression and 

adjusted odds ratios (AOR) with 95% confidence intervals (CI) were used to identify significant 

associations. 

Results: RBC Count (in 106 cells/µl) changed from the baseline value of   4.51±0.43 to 4.70±0.54 

(P<0.001) in non-anemic respondents while it increased from 4.05±0.37 to 4.23±0.39 (P<0.001) in 

anemic respondents. Also, platelet count (in 103 /µl) decreased from 293.3±37.01 to 285.4±37.83 

(P<0.01) in anemic respondents and from 274.9±56.3 to 254.29±59.07 in non-anemic pregnant 

women (p<0.001). After supplementation, no significant change in leukocyte count was observed 

in both anemic and non-anemic pregnant women (p=0.065 and p<0.059) respectively. Inadequate 

hemoglobin response to iron folate supplementation was found in 59.7 % of the respondents. Early 

ANC booking (AOR= 3.9, 95% CI: 2.4 - 4.2), IFA intake for more than 2 months (AOR = 2.6, 95% 

CI: 1.6 - 4.2), adequate dietary diversity (OR =3.4, 95% CI: 2.1 - 5.6), and primiparity (OR = 2.4, 

95% CI: 1.4 - 4.2) were significantly associated with adequate hemoglobin response to iron folate 

supplementation.  

Conclusion: Iron-folate supplementation increased red blood cell count in pregnant women, but its 

impact on platelet count requires further investigation. This study underscores the importance of 

considering dietary diversity, parity, early prenatal care, and adherence to achieve adequate 

hemoglobin response to iron folate supplementation.  

Key words: Anemia, blood cell indices, iron deficiency, iron-folate supplementation, pregnancy 
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1. INTRODUCTION  
 

1.1 Background 

Pregnancy involves changes in maternal physiology, including alterations in hematologic 

parameters, that occur to meet the demands of the developing fetus and placenta [1]. During 

pregnancy, requirements for micronutrients including iron and folate, increase to maintain maternal 

homeostasis while supporting fetal growth. The increased demand for these micronutrients coupled 

with the increase in plasma volume to red blood cell mass ratio predisposes the mother to anemia 

[2].  

Anemia is a condition in which the number of red blood cells or the blood hemoglobin concentration 

is lower than normal, resulting in a decreased capacity of the blood to carry oxygen to the body’s 

tissues [3]. It is a serious global public health problem affecting pregnant women particularly [4,5]. 

It manifests with symptoms including but not limited to fatigue, weakness, dizziness and shortness 

of breath. The physiological Hb concentration needed to satisfy the physiologic needs varies by age, 

sex, elevation of residence, smoking habits and pregnancy status [6]. The most common causes of 

anemia include nutritional deficiencies, particularly iron deficiency. Deficiencies in folate, vitamins 

B12 and A; Haemoglobinopathies, infectious diseases like malaria, tuberculosis, HIV and parasitic 

infections can also cause anemias [7–9].  

According to the WHO guideline, anemia in pregnancy is defined as Hb levels < 11.0 g/dl in the 

first and third trimester of pregnancy and < 10.5 g/ dl in the second trimester of pregnancy [10]. 

However, cut off value of 11.0 g/dl has been used for anemia independent of gestation in most 

circumstances [9]. Using red cell size as a criterion, anemia can be classified as microcytic, 

normocytic, and macrocytic anemia [3,9]. Microcytic anemias occur when the mean corpuscular 

volume (MCV) is less than normal (<80 (fL)). This occurs in conditions of iron deficiency or 

malabsorption of Vitamin B12/iron, and genetic defects in hemoglobin synthesis (thalassemia, 

sickle cell disease) [3,9]. Macrocytic anemia (MCV >100 fL) is mainly caused by vitamin B12 and 

folate deficiency, and liver diseases [9]. Normocytic anemia (MCV 80–100 fL), on the other hand, 

is mainly due to chronic infection, inflammation and hemolysis or blood loss [11]. Based on the 

underlying mechanism anemia can also be classified as hypo proliferative (i.e. decrease in RBC 

production) or maturational abnormalities (i.e. increase in RBC loss or destruction) [12,13]. 
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Iron deficiency being the most common micronutrient deficiency in the world, is the cause for half of 

the anemia reported in pregnant women and disproportionately affects pregnant women [14,15]. In 

Ethiopia, daily iron supplementation for at least 6 months (depending on the severity of the condition) 

during pregnancy and 3 months postpartum, iron supplementation is an integral part of Antenatal Care 

(ANC) and postnatal care services [16]. Iron-folate supplementation has a plethora of benefits to the 

mother and the fetus such as reducing the risk of maternal anemia, maternal mortality, the risks of 

premature birth and low birth weight [17].  

1.2 Statement of the problem  
Iron and folate deficiency during pregnancy are critical public health concerns that can lead to severe 

maternal and fetal health outcomes. Despite the availability of iron-folate supplementation, anemia 

remains prevalent among pregnant women in many parts of the world, including Ethiopia. Anemia 

during pregnancy is primarily caused by iron deficiency, which can result in adverse outcomes such 

as preterm birth, low birth weight, and increased maternal mortality [18]. In iron replete pregnant 

women, excess iron resulting from iron supplementation has also been reported to cause adverse health 

outcomes [19].  Folate deficiency, on the other hand, is associated with anemia, neural tube defects 

and other congenital abnormalities [18]. Despite the critical importance of these nutrients, studies 

indicate that a significant number of pregnant women do not receive adequate supplementation, 

resulting in suboptimal hematological indices [20]. 

Anemia is estimated to affect 36.8 % of pregnant women globally [21]. The highest prevalence of 

anemia in pregnant women reported is in Africa with a prevalence of 41.7% [21]. In sub-Sahara 

African countries, it is reported to affect 44.3% of pregnant women. In Ethiopia, the prevalence of 

anemia among pregnant women is alarmingly high. It has also been reported that approximately 41% 

of pregnant women in Ethiopia are anemic, with iron deficiency being the most common cause [22]. 

This high prevalence is concerning given the well-documented benefits of iron-folate supplementation 

in improving maternal health outcomes [23].  

The determinants of iron-folate supplementation uptake and effects are multifaceted, involving socio-

economic, dietary, altitude-related, and health system-related factors [24]. Socio-economic factors 

such as low income and educational status significantly impact the ability of pregnant women to access 

and adhere to iron-folate supplementation [25]. Women from lower socio-economic backgrounds may 

face barriers in affording or accessing supplements, while those with higher educational attainment 

may have better knowledge about the importance of supplementation. Cultural beliefs and practices 

also play a role, with some women avoiding supplementation due to misconceptions about side effects 
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or mistrust in medical advice [26]. These cultural barriers can significantly hinder the effectiveness of 

public health interventions aimed at improving iron and folate intake during pregnancy.  

Dietary habits are another crucial factor affecting hematological indices. Inadequate dietary intake of 

iron and folate can exacerbate deficiencies, especially in populations where the diet is predominantly 

plant-based and low in bioavailable iron [27]. Diets may lack sufficient heme iron sources, which are 

more readily absorbed by the body compared to non-heme iron found in plant foods.  

Addis Ababa's high altitude (approximately 2,355 meters above sea level) can also influence the 

hematological outcomes. High-altitude environments are associated with increased hemoglobin 

concentrations due to hypoxia-induced erythropoiesis [28,29]. However, this adaptive mechanism can 

sometimes mask underlying anemia and complicate the assessment of iron status [30,31]. The 

increased physiological demand for oxygen in pregnant women at high altitudes may exacerbate iron 

and folate deficiencies if not adequately addressed. 

Health system-related barriers such as inadequate supply of supplements, poor quality of antenatal 

care, and lack of health education contribute to low supplementation rates [32]. Effective health 

education programs that emphasize the importance of iron-folate supplementation and address 

misconceptions are essential for improving adherence rates. The effectiveness of iron-folate 

supplementation is further influenced by the timing and dosage of the intervention. Studies suggest 

that supplementation initiated early in pregnancy and continued throughout the gestation period is 

more effective in improving hematological indices [33].  

Despite the universal iron folate- supplementation during pregnancy that is being implemented, the 

prevalence of anemia and hence iron deficiency is high. To address these challenges, it is imperative 

to understand the specific determinant factors that affect the effect of iron-folate supplementation on 

maternal hematological status among pregnant women. There is a critical need for comprehensive data 

on the hematological impact of iron-folate supplementation among iron replete pregnant women. 

Understanding the determinants and effects of iron-folate supplementation on maternal hematological 

indices is crucial for developing effective interventions. Moreover, studies on the effect of iron folate 

supplementation on maternal hematological indices is limited. Furthermore, Factors like altitude and 

dietary habits have not been explored much. This gap in knowledge underscores the need for rigorous 

research to inform policy and practice. This research aims to fill the existing gaps on IFAS and 

associated factors on hematological parameters. 
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1.3 Significance of the study 
 

Data on the effect of IFA supplementation on maternal hematological indices and other relevant 

determinant factors in Addis Ababa in pregnant women is limited. This could limit the development 

and effectiveness of anemia prevention efforts in the country. In the study area, factors that could 

contribute to iron deficiencies, such as altitude and dietary diversity, have not been studied much yet. 

Moreover, the available few researches on the topic showed that there is a high prevalence of anemia 

in pregnant women despite the universal IFA supplementation strategy employed by the Federal 

Ministry of Health-Ethiopia. Therefore, this study is designed to pinpoint the factors associated with 

the reported high post-supplementation prevalence of anemia. 

The findings of this study could serve as a baseline or source of information for other researchers 

interested in this area. It could also inform authorities and program policy/decision makers on how to 

improve IFAS coverage and adherence among pregnant women, contribute to the global knowledge 

on the effectiveness of IFAS in improving maternal hematological status, provide evidence on the 

impact of IFAS on maternal hematological status and identify barriers and facilitators to IFAS 

compliance in Ethiopia.  
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2. LITERATURE REVIEW 
 

1.1 Micronutrient requirements during pregnancy 
Micronutrients are essential vitamins and minerals that are required in small quantities to support 

metabolic activities including cell signaling, motility, proliferation, differentiation and apoptosis 

that regulate tissue growth, function and homeostasis [34]. These essential micronutrients include 

iron, zinc, vitamins C, vitamin E and B-complex vitamins including folic acid (i.e. folate) [35]. 

Adequacy of these micronutrients is critical especially during the periconceptional period, 

throughout pregnancy and lactation [36].  

Iron is crucial for the function of all cells, playing a role in oxygen delivery, electron transport, and 

enzymatic activity [3]. It is not synthesized within the body and therefore must be absorbed from 

dietary sources [37]. In the human body, iron exists mainly in erythrocytes as a heme compound 

(i.e. hemoglobin), in storage compounds (i.e. ferritin and hemosiderin) and in muscle cells as 

myoglobin [9]. Iron is also found bound to proteins (i.e. hemoprotein) and non-heme enzymes 

involved in oxidation-reduction reactions and the transfer of electrons (cytochromes and catalase) 

[38]. Dietary iron exists in heme and non-heme forms. Heme iron, derived from hemoglobin and 

myoglobin of animal food sources (i.e., meat, seafood, poultry), is the most easily absorbable form 

(15% to 35%) and contributes 10% or more of our total absorbed iron. The non-heme iron, on the 

other hand, is derived from plants and iron-fortified foods and is less well absorbed [38].  

The absorption of dietary iron occurs in the duodenum and proximal jejunum [3]. This depends on 

the physical state of the iron atom [38]. At physiological pH, iron exists in the oxidized, ferric (i.e. 

Fe3+) state. To be absorbed, it must be in the ferrous (i.e. Fe2+) state or bound by a protein such as 

heme [38]. In the intestinal lumen, ferrous iron is then transported across the apical membrane into 

the enterocytes by a protein called divalent metal cation transporter 1 (DMT1) [9]. In the enterocyte, 

iron is stored as ferritin or transported through the basolateral membrane into blood bound to 

ferroportin [3,9,36,38]. The transmembrane protein ferroportin is the only efflux route of cellular 

iron into circulation and is regulated almost exclusively by hepcidin levels [38,39]. Hepcidin binds 

ferroportin, causing internalization, degradation and favoring cellular iron to be stored as ferritin 

stores, hampering its absorption into the blood [40]. 
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Cells with high metabolic rates, as in pregnancy, require more iron and are at greater risk of 

deterioration if iron deficiency is incurred [41]. Iron requirements during pregnancy increase 

dramatically, to sustain the increased demand of the growing fetus. Iron sufficiency is essential for 

oxygen delivery to the maternal- placental-fetal unit to support the increased oxygen consumption 

demand of pregnancy [42].  

The human body has a total of about 3–4 g of iron, and this depends on gender, age, and nutritional 

habits [43]. Nearly 75 % of the total body iron is in the functional form mostly as hemoglobin in 

circulating RBCs and 15% as myoglobin [44]. The remaining 10% of body iron is stored in the liver, 

the reticulo-endothelial cells, and the bone marrow (33). A stored form of iron exists in the forms 

of two proteins, ferritin and hemosiderin [9].  

Despite the increase in plasma volume, red cell mass, and hemoglobin levels during pregnancy, the 

increase in plasma volume is disproportionately greater than the increase in red cell mass or 

hemoglobin, causing dilutional anemia [45]. Pregnant women are highly prone to developing iron 

deficiency and iron deficiency anemia because of their high demand for nutrients, needs that can 

rarely be met through diet alone [3]. The total iron demand during pregnancy is the result of fetal 

iron deposition and the rate of deposition varies with the stage of pregnancy [46]. Most of the 

deposition occurs during the second and third trimesters of gestation which poses a higher risk of 

anemia [46].  

Intermittent or daily iron and folic acid supplementation is currently recommended by WHO as part 

of antenatal care, to reduce the risk of low birth weight, maternal anemia and neural tube defects 

[10]. Prophylactic daily iron folate supplementation containing 30-60 mg of iron and 400 µg of folic 

acid is recommended by WHO as part of antenatal care with a higher dose preferred in settings 

where anemia in pregnant women is a severe public health problem (≥40%) [10]. This supplement 

is given to pregnant women starting immediately after conception [16]. Despite this 

recommendation, studies show iron supplementation in iron-sufficient individuals can result in  

health risks [14].  

Folate also known as vitamin B9 or folic acid, is an essential vitamin required for RNA and DNA 

synthesis within the maturing erythrocyte [36]. Folates are coenzymes required for the synthesis of 

thymine and purines (i.e., adenine and guanine) and the conversion of homocysteine to methionine 

[31]. Deficient production of thymine, in particular, affects cells undergoing rapid division (e.g., 

bone marrow cells undergoing erythropoiesis) [44]. Humans are dependent on dietary intake to meet 

the daily requirement of 50 to 200 mg/day and increased amounts are required for lactating and 
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pregnant women [34]. Folate is absorbed from the upper small intestine and does not require any 

other element (i.e., intrinsic factor) to facilitate absorption [44]. After absorption, folate circulates 

through the liver, where it is stored [3]. A deficiency of folic acid results in megaloblastic anemia, 

red blood cells that are of larger size because of impaired DNA synthesis, which inhibits nuclear 

division.  

2.2 Normal hematological changes during pregnancy  
Pregnancy induces significant hematological changes to meet the increased metabolic demands and 

ensure an adequate supply of oxygen and nutrients to the developing fetus [47]. These changes are 

considered physiological adaptations and can affect almost all components of the hematological 

system, including plasma volume, red blood cells, white blood cells, and coagulation factors [36]. 

A significant hematological adaptation during pregnancy is the increase in plasma volume, which 

begins as early as the first trimester and peaks between the 30th and 34th weeks of gestation [48]. 

Plasma volume increases by 40% to 50% by term, a change driven by hormonal influences, 

particularly the renin-angiotensin-aldosterone system [49]. Activation of the RAAS system leads to 

increased plasma levels of aldosterone and subsequent salt and water retention in the distal tubule 

and collecting ducts [47]. This expansion serves to improve uteroplacental perfusion and maintain 

adequate blood flow to the fetus [50]. The increase in plasma volume leads to hemodilution, a 

phenomenon that results in lower concentrations of hemoglobin and hematocrit, a condition often 

referred to as physiological anemia of pregnancy [6]. Despite this relative anemia, there is an 

absolute increase in red blood cell mass by about 20% to 30% [51], which helps to meet the 

increased oxygen demands of both the mother and fetus.  

Red blood cell production increases significantly during pregnancy to counterbalance the dilutional 

effect of increased plasma volume [52]. Iron requirements also rise sharply due to the need for 

increased erythropoiesis and fetal development, leading to a common recommendation for iron 

supplementation in pregnant women to prevent iron deficiency anemia [10].  Studies have shown 

that the total iron requirement during pregnancy is about 1000 mg, with approximately 500 mg used 

for the expansion of red blood cell mass and 300 mg for fetal and placental needs [53]. The 

physiological adaptations in red blood cell production also include changes in red blood cell 

morphology, such as increased cell size and altered membrane properties, which enhance the cells' 

ability to deliver oxygen effectively [54]. Additionally, there is an increase in 2,3-

bisphosphoglycerate, which reduces hemoglobin's affinity for oxygen and facilitates oxygen release 

to fetal tissues [55].  
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Leukocytosis, or an increase in white blood cell count, is another common hematological change 

during pregnancy [56]. The total white blood cell count typically increases, and this increment is 

not indicative of infection but reflects a physiological response to the heightened inflammatory state 

associated with pregnancy and the body's preparation for the stress of labor and delivery [57]. In 

addition to quantitative changes, qualitative alterations in immune function also occur, aimed at 

maintaining a delicate balance between immune tolerance to the fetus and the mother's ability to 

defend against infections. This immune modulation includes a shift towards a Th2-dominated 

immune response, which favors humoral immunity and suppresses cell-mediated immunity to 

protect the fetus from rejection [58].  

During pregnancy, there is a slight reduction in platelet count, a condition known as gestational 

thrombocytopenia, which occurs in about 7% to 10% of pregnancies [47,59]. This decrease is 

largely attributed to hemodilution, increased platelet turnover, and consumption due to placental 

sequestration and increased coagulation activity [60]. Despite the reduction in platelet count, 

platelet function remains largely unaltered, which ensures effective hemostasis during pregnancy 

and childbirth [61].  

Pregnancy is associated with a hypercoagulable state, which serves to protect the mother from 

hemorrhage during delivery but also increases the risk of thromboembolic events [62]. This state is 

characterized by increased levels of coagulation factors, including fibrinogen, factors VII, VIII, IX, 

and X, and decreased activity of natural anticoagulants such as protein S and antithrombin [63]. 

The heightened coagulation potential is further supported by reduced fibrinolytic activity, ensuring 

rapid and efficient clot formation [47,64,65]. Prophylactic anticoagulation may be indicated in these 

high-risk groups to prevent complications such as deep vein thrombosis and pulmonary embolism 

[66].  
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2.3 The magnitude of iron deficiency anemia during pregnancy and its 

predictors 
In 2019, the prevalence of anemia globally was 29.9% in women of reproductive age, equivalent to 

over half a billion women aged 15-49 years [67]. Prevalence was 29.6% in non-pregnant women of 

reproductive age, and 36.5% in pregnant women [68]. In a multicenter prospective cross-sectional 

study conducted in Australia, iron deficiency anemia prevalence in the first trimester of pregnancy 

is reported as 12%, increasing progressively to a higher percentage as the pregnancy advances to 

term (68% in the third trimester) [69]. 

A randomized controlled trial conducted in Norway showed a daily dose of 27 mg elemental iron, 

containing a heme component, given in the second half of pregnancy to help prevent depletion of 

maternal iron stores even after birth, in most women [70]. In a randomized controlled trial conducted 

in Israel, after pregnant women were supplied with 100 mg of elemental iron for five months, only 

8.5% of participants had Hb level <10mg/dl and a higher prevalence of anemia was observed in the 

older women and women with higher parity [54]. 

In a randomized institution-based, double-masked study conducted in a Shantytown in Lima, Peru, 

after pregnant women were supplemented with 60 mg elemental iron, and 250 µg folic acid, 

hematologic changes were related to initial hemoglobin status and women with better initial Hb 

levels benefited much more than women with lower initial Hb level [71]. In this study women with 

anemia (hemoglobin <11 g/dl) were found to have steady increases in hemoglobin concentration 

through the course of pregnancy whereas women with relatively higher initial hemoglobin 

concentration showed a decremental trend during mid-pregnancy and then rising by 37–38 weeks 

of pregnancy. Despite the supplementation, women with poorer hematologic status, multiparous; 

and pregnant women who consumed fewer supplements were more likely to have anemia at the end 

of pregnancy [71]. It has also been reported that the prevalence of anemia within three months post-

partum was significantly higher in pregnant women who did not take the recommended dose of iron 

folate supplementation [72], implying the role of IFA supplementation in post-birth maternal iron 

stores.  

In pregnant women who were in their third trimester, reticulocyte counts, red blood cell distribution 

width and hemoglobin concentrations increased markedly four weeks after daily 200mg ferrous 

fumarate supplementation [73]. In a case-control study conducted in 2021, it was found that after 

participants were supplied with 100 mg daily oral ferrous fumarate, both ferritin and Hb levels 

increased two months post-supplementation [74]. Furthermore, in this study, gastrointestinal side 
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effects of the iron supplement were reported to be higher in the daily supplementation group than in 

intermittent supplementation. A cross-sectional study done in Indonesia found that the prevalence 

of anemia three months post iron supplementation was 34.3% (Hb<10.5g/dl). This study also 

depicted that low BMI during pregnancy has a significant association with maternal anemia and 

anemia tended to be more prevalent in the third trimester than second trimester [75]. 

A double-blind RCT study conducted in China in 2015 showed that prenatal iron supplementation 

reduced anemia, iron deficiency, and IDA in pregnant women [76]. However, in this study, most 

women and more than 45 % of neonates had iron deficiency, regardless of supplementation. A study 

conducted in Malaysia reported the prevalence of anemia in pregnant mothers as 57.4 %. In this 

study, anemia is reported to be significantly associated with being a grand-multigravida mother and 

late ANC booking [77]. In an institutional cohort study conducted on pregnant women in Nepal, all 

of the participants in the third trimester of pregnancy were anemic with Hg<11mg/dl [78] . In this 

study, women aged 17 to 24 years and multiparous women had higher odds of having anemia. This 

study also found that anemia in the third trimester of pregnancy is associated with low birth weight, 

preterm births, and neonatal intensive care unit stay. 

A multicenter randomized controlled trial, conducted in Kenya reported the prevalence of IDA post 

supplementation is 34%. It is also reported in this study that prenatal IFA supplementation and 

consumption of heme-containing food help to decrease the incidence of iron deficiency anemia in 

pregnant women [79]. A multicenter prospective study conducted in Ghana, reported a higher 

prevalence of anemia during pregnancy [(54.4% (mild = 31.1%; moderate =23.1%; severe = 0.2%] 

[80]. In this study, microcytic (79.4%) and hypochromic (29.3%) anemia were most prevalent, and 

women with lower BMI, belonging to the AB blood group, poor dietary intake, maternal age below 

19 years, not planning the pregnancy are reported more likely to be anemic, during pregnancy, 

particularly in the third trimester. 

Several studies [81–83] conducted in Ethiopia had reported the prevalence of anemia as high, despite 

the universal supplementation strategy employed by the Ethiopian FMOH. This could be attributed 

to poor compliance, chronic co-morbid conditions, low-dose supplementation and nutritional 

deficiencies. Duration of IFA supplementation, tea consumption interfering with iron absorption, 

low maternal educational status (poor compliance) could impact the response to the IFA 

supplementation [84] . 
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 In Ethiopia a study has found that only one in two pregnant women was supplemented with iron 

during their recent pregnancy [85]. The overall prevalence of anemia among pregnant women was 

41 % of which 20% were moderately anemic, 18%, were mildly anemic, and were 3%, severely 

anemic [22]. An institution based follow-up study conducted in Mekelle city revealed that 48.5% of 

participants lacked adequate hemoglobin response, despite the IFA supplementation [23]. However, 

in this study prevalence of anemia and low hematocrit value decreased significantly after IFA 

supplementation. In this study one month of IFA supplementation reduced anemia in pregnant 

women from 25.5 % to 13.8 %. Normocytic hypochromic anemia is found to be the most common 

form of anemia among the study participants followed by normocytic normochromic anemia, 

morphologically atypical of iron deficiency anemia [23]. This prospective, hospital-based study also 

reported that IFA supplementation in pregnancy increased the hemoglobin content of RBCs [AOR: 

1.02 (95% CI: 0.97- 1.07)]. A decrease in Hb concentration was also observed in pregnant women 

in a study conducted in Mecha woreda, Amhara region of Ethiopia with higher gravidity, age of the 

mother and increase in gestational age [86]. 

2.4 Iron supplementation and platelet parameters 
The relationship between iron and thrombopoiesis is not well established [87]. In one study, platelet 

counts were increased when serum iron, iron saturation, ferritin and platelet count were decreased 

[88]. In this study, an inverse correlation between platelet distribution width and mean corpuscular 

volume was reported. Another study has shown there exists an inverse relationship between platelet 

counts, both mean platelet volume and iron saturation; and iron having an inhibitor effect on platelet 

counts [88]. A retrospective RCT reported that, in 8 weeks of continuous iron supplementation, the 

mean platelet counts decreased at 2-week treatment intervals [89]. It has also been reported that 

treatment of IDA with iron folate supplementation, results in a decrease in platelet count [90]. In 

this study a decrease in platelet count, an increase in platelet distribution width, and no change in 

mean platelet volume were observed before and after supplementation when IDA with normal 

platelet count was treated. 

Iron deficiency is a common cause of reactive thrombocytosis. This finding is supported by clinical 

reports [91–93], meta-analysis studies [94,95] and animal studies [96,97]. Although the exact cause 

of thrombocytosis in iron deficiency is not fully understood, it is stipulated that the increase in 

erythropoietin in iron deficiency stimulates and upregulates the thrombopoietin receptors, and this 

in turn results in thrombocytosis [98].  
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2.5 Prenatal iron deficiency and birth outcomes 
Studies have shown that IDA, especially in moderate and severe forms, is associated with adverse 

obstetric and birth outcomes, impacting maternal and fetal health. A systematic review and meta-

analysis study showed that babies born to mothers with IDA had low birth weight and a significantly 

higher risk of low birth weight [(AOR 1.29(1.09 - 1.53)] and preterm birth [(AOR 1.21, 95% CI(1.13 

- 1.30)] [18]. The risk of low birth weight and premature delivery was disproportionately higher if 

the anemia occurred during the first and second trimester of pregnancy than in the third trimester 

[99]. 

A retrospective cohort study conducted in China in 2022 reported that anemia of any degree is linked 

with an increased risk of maternal and fetal complications [100]. Iron supplementation during 

pregnancy is associated with an improvement in the birth weight of infants, and this is more 

pronounced in babies born to mothers suffering from anemia antepartum  [100]. An institution-

based study done in Nigeria showed that iron supplementation, despite being a good intervention in 

developing countries, is not sufficient to reduce the prevalence of anemia by the third trimester. This 

study underpinned the need to look beyond the approach and suggest the pros of food fortification 

and reducing the frequency of pregnancies [101]. 
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3. CONCEPTUAL FRAMEWORK 
 

 

 

 

 

 

  

                                                                                                                                                                    

 

  

 

 

 

 

  

 

 

 

 

Figure 1: Conceptual framework to assess determinants and effects of IFAS on maternal hematological 

indices among pregnant women attending ANC Units in Public Hospitals in Addis Ababa. (Adapted 

from research articles [23, 68, 117, 120].  
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4. RESEARCH HYPOTHESIS 
     

Hypothesis 1: In pregnant women without anemia, prophylactic IFA supplementation would reduce 

the incidence of IDA. 

Hypothesis 2: In pregnant women with mild and moderate anemia (Hb level 7mg/dl -10.9 mg/dl), 

therapeutic IFA supplementation would revert the hemoglobin level to normal. 

     5. OBJECTIVES 
 

5.1 General Objective: 
To assess iron- folate supplementation and associated factors on maternal hematological indices 

among pregnant women attending ante-natal care units in public hospitals in Addis Ababa, Ethiopia. 

5.2 Specific Objectives: 
To describe the effect of iron- folate supplementation on maternal red blood cell indices among 

pregnant women attending ANC unit in public hospitals in Addis Ababa. 

To determine the effect of iron- folate supplementation on maternal platelet count among pregnant 

women attending ANC unit in public hospitals in Addis Ababa. 

To assess the effect of iron- folate supplementation on maternal leukocyte count among pregnant 

women attending ANC unit in public hospitals in Addis Ababa. 

To determine factors associated with iron folate supplementation among pregnant women attending 

ANC unit in public hospitals in Addis Ababa. 

 

 

 

 

 

 



 

15  

6. MATERIALS AND METHODS 
 

6.1 Study period and setting 
The study was conducted in selected Public Hospitals in Addis Ababa, the capital of Ethiopia, from 

May 1, 2023 to March 30, 2024. Among the twelve government hospitals, three hospitals namely, 

Zewditu Memorial hospital, St. Paul’s Millennium Hospital Medical College and Menelik Hospital 

were selected by simple random sampling technique. Pregnant women whose weeks of pregnancy 

were identified by the last normal menstrual period technique (weeks of pregnancy calculated 

starting from the first day of the last normal menstrual period), attending ANC units in the 

aforementioned hospitals were the study participants. The city has a projected population of 

3,603,000, and 49.97% are females, of whom 34.4% are in the reproductive age group, according 

to the 2019 CSA projection [102]. The city lies at an elevation of 2,355 meters above sea level.  

6.2 Study Design 
An institution-based retrospective cross-sectional study design was used in pregnant women 

attending Antenatal care units in the selected public hospitals in Addis Ababa, From May 1, 2023 

to March 30, 2024.  

6.3 Population 

6.3.1 Source Population 

All pregnant women above 18 years of age, who have ANC booking at the selected public Hospitals 

in Addis Ababa, Ethiopia.  

6.3.2 Study population 

All randomly selected pregnant women who were above 18 years of age, had ANC booking during 

the time of data collection at each selected respective public Hospital in Addis Ababa, Ethiopia. 

6.4 Eligibility criteria 

6.4.1 Inclusion Criteria 

Women with singleton pregnancy, above 18 years of age, signed the written informed consent form, 

started IFAS with Hb level >7 mg/dl, had their ANC follow-up at the selected public hospitals during 

the time of the data collection in Addis Ababa, Ethiopia. 
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6.4.2 Exclusion Criteria  

Women who had severe anemia initially and throughout the pregnancy (Hb<7 mg/dl), blood 

transfusion, smoking, comorbid conditions including but not limited to HTN, DM, CKD, known 

hematologic disorders, infections like helminthiasis, HIV and malaria.  

6.5 Sample Size Determination, sampling technique and Procedure 

6.5.1 Sample Size Determination 

In designing this prospective follow-up study to assess the effect of iron folate supplementation on 

maternal red blood cell hemoglobin content (i.e., the primary outcome), we performed a detailed 

sample size calculation to ensure sufficient statistical power and representativeness of our sample. 

Parameters for Sample Size Calculation:  

1. Confidence Level: 95% (𝑧𝑎/2 = 1.96) 

2. Power: 80% (𝑧𝛽 = 0.84) 

3. Effect Size (Hb): 0.69 

4. Relative Risk (RR) for Anemic: 0.45 

5. Relative Risk (RR) for Non-anemic: 0.69 

These parameters were informed by a prior study [103], which reported that: 

• In pregnant women who took therapeutic iron- folate supplementation, the intervention 

resulted in a 55 % reduction of anemia and in those who took prophylactic iron folate 

supplementation, supplementation resulted in a 31% reduction in the risk of anemia.  

Using STATA version 16 software and the aforementioned parameters, the initial sample size was 

calculated as: n=373. To account for potential non-response and ensure a robust sample, we adjusted 

for a 10% non-response rate:  

nadjusted = 373×10
100

+ 373     = 410 

Thus, the final sample size required for this study is 410. This sample size provides adequate power 

to detect significant differences in hemoglobin levels between anemic and non-anemic pregnant 

women following iron folate supplementation, ensuring the reliability and validity of our study 

findings. 
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6.5.2 Sampling technique and procedure 

Based on previous hospital records, the total number of pregnant women who had their ANC follow-

up at each selected hospital (in a month before the start of data collection) was obtained. This was 

followed by a proportional allocation of the number of ANC attendees to the respective hospitals. 

Using the ANC registry in the respective hospitals as a sampling frame, a systematic random 

sampling method was employed to select pregnant women who have ANC booking at the selected 

public hospital. Pregnant women getting ANC service at each selected public hospital during the 

data collection/study period, who met the inclusion criteria have had a random chance of being 

approached. Interviews were performed until the required sample size of 410 was achieved. Consent 

was secured verbally and in written form, before the start of the data collection. 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                            

 

 

 

Figure 2: Sampling procedure to assess determinants and effects of IFA supplementation on maternal 

hematological indices among pregnant women attending ANC Units in Public Hospitals in Addis 

Ababa. 
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6.6 Variables of the study  
6.6.1 Dependent variable 

Maternal hematological indices. 

6.6.2 Independent variable 

Sociodemographic factors (age, occupation, income, educational status, marital status, household 

size), MUAC, birth interval, parity, stage of the pregnancy, maternal blood group, timing of ANC 

booking, IFAS adherence, duration of intake of IFAS, planned or unplanned pregnancy, and dietary 

diversity score.  

6.7 Operational definitions  
Anemia was defined as a hemoglobin value of less than 11 g/dL [104]. Hemoglobin responses to 

the IFA supplementation were categorized as either adequate or inadequate [12,23]. The criteria for 

these categories were as follows:  

Adequate Response: An increase in hemoglobin value by at least 1 g/dL after a minimum of one 

month of supplementation, indicative of iron deficiency [105,106].  

Inadequate Response: A change in hemoglobin value of less than 1 g/dL after a minimum of one 

month of IFA supplementation. This response suggests the presence of functional iron deficiencies 

[23].  

The normal reference range for hematological parameters, depicted bellow was used: MCH: 27–32 

picogram (pg) per cell; MCHC: 31.5–36 g/dl; MCV: 80–100 fL; Hematocrit: 31–43 % ; RBC count: 

3–4.5 x1012 cells/L, WBC count: 4-15X 109 cells/L and platelet count: 150-450x109/L [9]. Anemia 

was classified morphologically as macrocytic, microcytic, hypochromic and mixed types based on 

MCV and MCH and/or MCHC values [3]. The severity of anemia was classified as follows: mild 

anaemia (Hb: 10–10.9 g/dl), moderate anaemia (Hb: 7–9.9 g/dl), and severe anaemia (Hb < 7.0 g/dl) 

[10]. Microcytosis, macrocytosis and hypochromia were defined as MCV < 80 fl, MCV ≥ 101 fl 

and MCH  < 27 pg respectively [108].  RDW greater than 15% was considered elevated [109]. 

Gestational ages were categorized as the first trimester (1–14 weeks), second trimester (15–28 

weeks) and third trimester (29 and above), using WHO classification criteria. Pregnant women with 

a MUAC value  of 23 - 33 cm were considered to have normal nutritional status; those with MUAC 

measurement < 23 cm were categorized as undernourished and those above 33 cm were categorized 

as obese [110,111]. Blood pressure measurement of systolic blood pressure ≥140 mmHg and 

diastolic blood pressure greater than ≥90 mmHg was considered elevated [112].  
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Compliance with the IFA supplement was assessed based on the pill count and self-report method. 

Women who took 70% or more of the IFA tablets, equivalent to taking at least 5 days a week 

throughout the study period, were considered adherent [113], using recording, self-reporting, pill 

counting  and checking their cards. Otherwise, participants were considered non-adherent and 

excluded from the study.  

Dietary intake was assessed using a food frequency questionnaire using the minimum dietary 

diversity for women (MDD-W), adopted by the food and agricultural organization of the United 

Nations. The minimum dietary diversity for women (MDD-W) is a population-level indicator of 

diet diversity validated for women aged 15-49 years. It is a dichotomous indicator based on 10 food 

groups consumed locally (in this case in Ethiopia) and is considered the standard for measuring 

population-level dietary diversity in women of reproductive age [114] (Table 9). Pregnant women 

who consumed five or more food items in the last 24 hours, out of the 10 food groups, were 

considered to have adequate dietary diversity, otherwise they were considered to have poor dietary 

diversity. 

6.8 Data Collection Procedures, tools and quality control 

6.8.1 Data collection tools 

A structured questionnaire was prepared in English and Amharic languages. The Amharic version 

was filled by the participants if they were able to read and write in Amharic language, otherwise, 

the data collector completed the questionnaire by asking the respondents. The response was 

translated back into the English language. The questions explored and addressed the respondent’s 

sociodemographic profiles, data on parity/gravidity, intake of IFAS and dietary diversity.   

6.8.2 Data collection procedure and quality control 

Pregnant women who met the inclusion criteria and were prescribed 60 mg elemental iron plus 400 

μg folic acid oral tablets once daily if non-anemic and 120 mg elemental iron plus 800 μg folic acid 

once daily if anemic, were approached. The hematological profile of the participants was performed 

two times i.e., at the first ANC visit (baseline, before the start of the IFA supplementation) and after 

intake of iron folic acid tablets, at the endpoint of the follow-up. All the respondents were taking 

similar iron-folic acid tablets throughout the follow-up period. 

Five ml of venous blood sample was collected while the respondents were comfortably seated, using 

iron-free heparinized test tubes by professional nurses, from respondents in each respective hospital. 

Hematological analysis was then performed at each respective hospital. The procedure was 
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performed for assessment of the hematological profiles, at baseline and the end point (after at least 

4 weeks of IFAS supplementation). Standard precaution measures were strictly followed while 

taking blood samples and after the blood sample was taken. Hematological analysis was performed 

using Cell-Dyn1800 (Abbott Laboratories Diagnostics Division, USA) and   Mindray Auto 

Hematology analyzer (Mindray Bio-Medical Electronics Co. LTD, China). While performing 

measurements, quality control measures as per the manufacturer’s recommendations were strictly 

obeyed. 

 Mid-upper arm circumference was measured using WHO recommendation using non stretchable 

measuring tape, to assess the participants’ nutritional status. Blood pressure was measured at the 

endpoint after iron folate supplementation, in both arms, in a position where the brachial artery at 

the antecubital fossa, is at the heart level. Participants were asked if they took tea and or caffeine. 

Participants were seated, with feet supported, for 5 minutes before blood pressure was measured.  

Blood pressure with the higher value taken from the two arms was recorded.  

Data was collected by the investigators assigned at each chosen hospital. To ensure the 

completeness, accuracy and consistency of data collection and for the investigators to have a 

common understanding of how to approach the participants, training was given before the start of 

data-collection by the main investigator. On-site supervision was carried weekly, by the principal 

investigator. A pretest was done in Abebech Gobena MCH Hospital, Addis Ababa, on 10% of the 

sample to check for the accuracy of responses, language clarity, and appropriateness of the tools. 

Following the pretest, some adjustments were performed, including typing errors being fixed, data 

collectors being reoriented, and questionnaires being rearranged. 

6.9 Data processing and analysis  
The completeness and consistency of the data was checked. The data was then entered into epi data 

version 4.6 software. After the data was edited & coded, it was exported to SPSS version 27 software 

for further analysis. Descriptive statistics was used to describe the profile of the study participants 

and to determine the hematological indices of the pregnant women enrolled in the study. Ninety-

five percent CI and corresponding P values < 0.05 were used to declare statistical significance. The 

Hosmer–Lemeshow test and Shapiro-wilk test were used. Paired sample t-tests and Wilcoxon 

signed-rank tests were also performed to detect statistically significant deviations between results 

before and after IFA supplementation. A logistic regression model was fitted to identify the 

associated variables.  
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6.10 Ethical considerations 
Ethical approval was obtained from the research and ethical review committee of the department of 

Physiology, College of Health Sciences, AAU. Additional ethical approval was also obtained from 

Addis Ababa city health bureau and SPHMMC with reference numbers A/A/12240/227 and 

Pm23/1024 respectively. Following receipt of the letter of approval, the investigator proceeded to 

the respective chosen hospitals to receive an authorization letter for the collection of data from the 

respective hospitals. The respondents were informed of the aim of the study, given the chance to 

withdraw from the study anytime they felt uncomfortable. Written informed consent was also 

obtained from each respondent. To maintain privacy and confidentiality, the respondent's name was 

replaced by codes while the information was used only for the objectives of the study. 

6.11 Dissemination of the result  
The results of the findings will be submitted and communicated to the department of Physiology, 

College of Health sciences, Addis Ababa University. Addis Ababa City Health Bureau, and 

Ministry of Health Ethiopia, to acquaint them with the study's findings and recommendations. The 

document can be used to establish baseline reference data for possible future interventions. The 

findings will be presented in scientific workshops, conferences and will also be published in 

scientific journals. 
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7. RESULT 
 

7.1 Socio-demographic characteristics of the study participants 
Four-hundred ten subjects participated in the study with a response rate of 100%. The age of the 

study subjects ranged from 19 to 43 years with a median age of 30 and IQR (34-26) years. The 

majority of the respondents attended secondary school 261 (63.7%) while 395 (96.3%) of the 

respondents were permanent urban residents. Unemployed respondents accounted for 274 (66.8%) 

of the participants. Most of the respondents were married (90.5%). The median (IQR) of the 

participants’ average monthly income was 12000 (23000 - 7500) Ethiopian birr respectively (Table 

1).  

Table 1: Socio-demographic characteristics of pregnant women attending antenatal care units in 

selected public hospitals in Addis Ababa, Ethiopia, from May 1 to March 30, 2023 (n=410) 

Variables Category Frequency Percentage 
Age in years* <20 4 1 
 20-29 189 46.1 
 30-39 209 51 
 >40 8 2 
Residency Urban  395 96.3 
 Rural 15 3.7 
Occupation Employed 136 33.2 
 Unemployed 274 66.8 
Marital status Unmarried  39 9.5 
 Married  371 90.5 
Household Size 1-5 384 93.7 
 >5 26 6.3 
Educational 
Status 

No formal education 11 2.7 

 Attended Primary 
school 

45 11 

 Attended Secondary 
school 

261 63.7 

 Higher education  93 22.7 
    
    

 *Age category was adopted from a previous research article [112].  
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7.2 Clinical characteristics of the study participants 

Most of the participants (58.8%) were in their third trimester of pregnancy (i.e., at the end of the 

follow-up) with multiparity (54.4%) and more than half of the participants started ANC booking in 

the early first trimester. The majority of the respondents (80.5%) had a birth interval of more than 2 

years. Two hundred eighty-five respondents reported that their pregnancy was planned and more 

than half of respondents had been taking IFAS for ≥ 2 months. The most common time for IFAS 

and coffee/tea intake was after meals (53.7% & 71% respectively). Over half of the respondents 

(56.8%) had adequate MDD-W. About Three fourth of the participants had MUAC measurements 

within the normal range of 23-33 cm (Table 2). 

Table 2: Clinical Characteristics of Pregnant Women Attending Antenatal Care Units in selected 

Public Hospitals in Addis Ababa (n=410) 

Variables Category Frequency Percentage 

Pregnancy stage Second trimester  169 41.2 

 Third trimester 241 58.8 

Parity ≤ 1  84 20.5 

 2-4  223 54.4 

 ≥ 5 . 103 25.1 

    Duration of IFAS    ≥ 2 months 206 50.3 

   1 - 2 months  204 49.7 

    IFAS Intake  After meal  220 53.7 

     Before meal  126 30.7 

 No time preference  64 15.6 

Birth interval  <2 years 80 19.5 

 >=2 years  330 80.5 

MDD-W* Adequate 233 56.8 

 Inadequate 177 43.2 

MUAC** <23 cm 69 16.8 

 23 – 33 cm  311 75.9 

 >33 cm 30 7.3 

Continued next page  
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ANC booking ***  Early First Trimester  222 54.15 

      Late First Trimester  188 45.85 

coffee/tea intake  After meal 291 71 

 Before meal 52 12.7 

 No time preference 67 16.3 

pregnancy 

planned or not 

Yes 285 69.5 

 no 125 30.5 

 

*MDD-W= Minimum Dietary Diversity for Women, **MUAC: Mid Upper Arm Circumference, adopted 
from a research article [111]. 

***Early first trimester: < 7 weeks after conception, late first trimester ≥ 7 weeks after conception 

 

7.3 Hematological responses to IFA supplementation 
Adequate Hb response, an increase in hemoglobin level by 1g/dl and above, was found in 40.7 % of 

the respondents taking IFA. Before IFA supplementation, more than one-third of the pregnant 

women (39.3%) were diagnosed with anemia (Hb<11.0 g/dl). After supplementation, this dropped 

to 17.3 % (p = 0.001). Sixty-three participants (15.3%) who were anemic before IFAS initiation, 

also remained anemic after supplementation. Eight pregnant women, with normal baseline 

hemoglobin levels developed anemia despite intake of IFAS. 

 A large proportion of the pregnant women had low MCHC (36.6%), MCV (35.4%), and MCH (35.6 

%), on their first visit at baseline and a significant difference was observed after IFA 

supplementation (25.9 %, 23.9 %, and 25.4% respectively) (P<0.001). Only 0.7% and 3.9% of the 

respondents had low WBC count and platelet count respectively. This changed to 1% and 5.9% 

respectively, after IFA supplementation (p =0.442 and 0.863 respectively). Also, sixty-one (14.9%) 

of the pregnant women who took prophylactic iron- folate supplementation developed preeclampsia 

after intake of IFAS (Bp ≥ 140/90) (Table 3).  
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Table 3: Proportions of pregnant women with an abnormal hematological profile before and after 

IFA supplementation at antenatal care units in selected public hospitals in Addis Ababa (*NB: The 

baseline data was collected retrospectively from ANC recordings while the end line was recorded 

prospectively.) 

Abnormal parameters Baseline: n (%) End point: n (%)   P-value 

Low Hb (<11 g/dl)  161(39.9) 71(17.3) 0.001 

Low HCT (<31 %)      92(22.4) 35(8.5) 0.001 

Low MCV (<80 fl) 145(35.4) 98(23.9) 0.218 

High MCV (>100 fl) 7(1.7) 6(1.7) 0.622 

Low MCH (<27 pg/cell) 146(35.6) 104(25.4) 0.001 

Low MCHC (<32 g/dl) 150(36.6) 106(25.9) 0.001 

High RDW (≥15 %) 100(24.4) 75(13.9) 0001 

Low Platelet (<150 × 103 cells /µl) 16(3.9) 24(5.9) 0.056 

Blood pressure Systolic (≥140 mmHg) 0 61(14.9)  0.001 

 Diastolic (≥90 mmHg)    0 54(13.2) 0.001 

 

The mean hemoglobin level in anemic respondents at the baseline and end line, respectively, was 10.3 

g/dl and 11.2 g/dl (8.7 % increment, (P = 0.001)), while in non-anemic respondents, it changed from 

12.3 g/dl to 12.9 g/dl (4.9 % increment, P=0.001). The mean hematocrit value was also changed from 

31.8 % to 33.9 % (6.6 % increment) in anemic respondents (P=0.001) and from 37.1 %   to 37.9 % in 

non-anemic respondents (2.2 % increment, P= 0.001) (Table 4). 

The median WBC count in anemic respondents, before supplementation was 8,300 per mm3 of blood 

with an interquartile range (IQR) of (7,400 - 8,600 per mm3 of blood) and after supplementation, this 

was changed into 8,400 per mm3 of blood with an interquartile range (IQR) of  (7,700 - 9,800 per 

mm3 of blood). 
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Table 4: Changes in the mean values of hematological profiles after IFA supplementation in non-

anemic pregnant women attending antenatal care units in Addis Ababa Public Hospitals. 

Parameters Mean ±SD, 

baseline 

Mean ±SD, 

endpoint 

Mean difference 

(95% CI) 

% 

Change 

p-

value 

Hb (g/dl) 12.30±1.20 12.86±1.14 0.47(0.34-0.61) 3.88 0.001 

HCT (%) 37.10±3.25 37.84±3.00 0.74(0.31-1.17) 1.99 0.001 

RBC (106 /µl) 4.51±0.43 4.70±0.54 0.18(0.13-0.23) 4.21 0.001 

MCV (fl) 84.50±7.31 87.81±6.49 3.36(2.36-4.35) 3.92 0.001 

MCH (pg/cell) 30.10±3.56 30.20±2.55 0.10(-0.38-0.58) 0.33 0.687 

MCHC (g/dl) 33.29±2.06 34.33±1.37 1.04 (0.79- 1.30 3.12 0.001 

RDW (%) 13.55±1.42 13.88±1.09 0.33(0.13-0.53 2.44 0.001 

WBC (103 / µl) 8.19±1.83 7.98±1.91 -0.20(-0.4-0.01) -2.56 0.059 

PLT (103 / µl) 274.90±56.3 254.29±59.07 -20.60(-26.7-(-

14.5)) 

-7.49 0.001 

SD: Standard deviations, CI: Confidence interval, PLT= platelet count, HCT= hematocrit, RBC= 

red blood cells, MCV= mean cell volume, MCH=mean cell hemoglobin, MCHC= mean cell 

hemoglobin concentration, RDW= red cell distribution width, WBC= white blood cells 

 

In non-anemic participants, the median WBC count before supplementation was 8,300 per mm³ of 

blood with an interquartile range (IQR) of 1,200 (7,400 - 8,600 per mm³ of blood) and showed a slight 

increase after supplementation; into 8,400 per mm³ of blood with an interquartile range (IQR) of 2,100 

(7,700 - 9,800 per mm³ of blood). 
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Table 5: Changes in the mean values of hematological profiles after IFA supplementation in anemic 

pregnant women attending antenatal care units in Addis Ababa public hospitals. 

Parameters Mean ±SD, 

baseline  

Mean ±SD, 

endpoint  

Mean 

difference 

(95% CI) 

% 

Change 

p-

value 

Hb (g/dl) 10.28±3.36 11.23 ± 0.75 0.95(0.8-1.1) 9.24 0.001 

HCT (%) 31.83±2.29 33.89±2.38 2.10(1.7-2.5) 6.47 0.001 

RBC (106 /µl) 4.05±0.37 4.23±0.39 0.18(0.1-0.3) 4.44 0.001 

MCV (fl) 83.04±8.11 85.40±8.25 2.35(1.27-3.40) 2.84 0.001 

MCH (pg/cell) 27.35±1.93 28.44±1.94 1.09(0.70- 1.5) 3.99 0.001 

MCHC (g/dl) 30.42±1.89 30.95±2.44 0.53(0.32-0.73) 1.74 0.001 

RDW (%) 15.16±1.21 14.14±0.91 -1(-1.3-(-0.8)) -6.73 0.001 

WBC (103 / µl) 8.15±0.84 8.32±1.14 0.2(-0.01-0.35) 2.09 0.065 

PLT (103 / µl) 293.30±37.01 285.40±37.83 7.91(1.8-13.9) -2.69 0.01 

PLT= platelet count, HCT= hematocrit, RBC= red blood cells, MCV= mean cell volume, 

MCH=mean cell hemoglobin, MCHC= mean cell hemoglobin concentration, RDW= red cell 

distribution width, WBC= white blood cells 

 

The median platelet count, in anemic respondents, at baseline was 300,000 per mm³ of blood with 

an interquartile range (IQR) of 75,000 (250,000 - 310,000 per mm³ of blood) and showed a slight 

difference after supplementation i.e., 295,000 per mm³ of blood with an interquartile range (IQR) 

of 30,000 (275,000 - 305,000 per mm³ of blood).  Pre-supplementation median platelet count in non-

anemic respondents was 250,000 per microliter (µL) of blood with an interquartile range (IQR) of 

82,000 (220,000 - 302,000 per µL of blood) and changed into 240,000 per µL of blood with an 

interquartile range (IQR) of 85,000 (225,000 - 310,000 per µL of blood post supplementation. 
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Figure 3: Anemia classifications based on red blood cell indices in pregnant women attending ante 

natal care units in Addis Ababa Public Hospitals. 

7.4 Anemia morphology and classification 
Of the 161 respondents diagnosed with anemia at baseline, 44.4 % (78/161) were morphologically 

mixed type (normocytic hypochromic anemia) with normal MCV (80–100 fl) and low MCHC (<32 

g/dl). Only 35 (21.5%) of them were microcytic hypochromic, typical of iron deficiency anemia, 

with low MCV (<80 fl) and low MCHC and MCH. The remaining were 16.7% (27 out of 161) 

normocytic normochromic anemia, 3.7% (6/161) macrocytic hypochromic anemia and microcytic 

normochromic 9.3 % (15/161). At the endpoint, 44 (62%), 15 (21.1%), and 9 (12.7%) of the 

respondents had normocytic normochromic anemia, microcytic hypochromic anemia and 

normocytic hypochromic, respectively (Table 6, Figure 3). Initially at baseline, of the 161 

respondents who were diagnosed with anemia, 140 of them had mild anemia, and the rest 21 

respondents had anemia of moderate degree. After the follow-up, 65 respondents had mild anemia 

while only six respondents had anemia of moderate degree.  
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Table 6: Anemia classifications based on red blood cell indices in pregnant women attending 

antenatal care units in Addis Ababa Public Hospitals 

Anemia morphology Baseline n (%) Endpoint n (%) 

Normocytic normochromic  27(16.7) 44(62) 

Microcytic hypochromic 35(21.7) 15(21.12) 

Macrocytic 6(3.7) 3(4.23) 

Normocytic hypochromic 78(44.4) 9(12.7) 

Microcytic Normochromic 15(9.3) 0 

Total 161 (100%) 71 (100%) 

n= total number of respondents with anemia at baseline or endpoint.  

7.5 Factors associated with hemoglobin response to IFA supplementation 
Variables that were found to have corresponding p-value less than 0.25 in bivariate logistic 

regression, and hence entered into multivariable logistic regression analysis, were; marital status, 

planned or unplanned pregnancy, parity, MDD-W, duration of IFAS intake, the timing of ANC 

booking, experiencing side effects of IFAS and the number of tablet intake per week (intermittent 

intake or continuously all days of the week for the duration of the supplementation). 
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Table 7:  Multivariable binary logistic regression on factors associated with hemoglobin response 

to iron folate supplementation among pregnant women attending antenatal care units in Addis 

Ababa public Hospitals  

                                                                                                           Continued next page  

 

 

 

 

 

 

 Response to IFA 

supplementation 

COR (95%CI) 

 

AOR 

(95%CI) 

 

P 

value 

Variables   Adequate 

n (%) 

Inadequate 

n (%) 

Marital Status        

     Married  158 213 2.5(1.1– 5.4) 1.8(0.7-4.4) 0.23 

     Single  9 30 1 1  

Pregnancy      

   Intended  135 150 2.6(2.64-4.16) 1.6(1.1– 3.5) 0.15 

  Unintended  32 93 1 1  

Parity      

    < 2 48 36 2.3(1.4 – 3.7) 2.4(1.4– 4.2) 0.00

3 

    ≥ 2 119 207 1 1  

Timing of ANC 

Booking  

     

  ≤ 7 Weeks  119 103 3.4(2.2 – 5.13) 3.9(2.4-6.6) 0.00

1 

   > 7 Weeks  48 140 1 1 
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ANC: Antenatal Care, AOR: Adjusted odds ratio, COR: CI: Confidence interval, Crude odds ratio, 
IFAS: Iron folic acid supplementation, MDD-W: minimum dietary diversity for women 

Among all the variables entered into multivariable logistic regression analysis, MDD-W, timing of 

ANC booking, duration of IFAS intake, average number of tablet intake per week, parity and 

experiencing IFA side effects showed statistically significant association with the main outcome 

variable (adequate Hb response after supplementation), after adjusting for confounding (Table 7). 

 

 

 

 

 

 

 

Duration of 

IFAS intake  

     

   >=2 

months 

110 96 2.95(1.96– 4.5) 2.6(1.6-4.2) 0.001 

  1 - 2 months  57 147 1 1  

Side effects 

from IFAS 

     

       Yes  81 159 0.49(0.3-0.7) 0.5(0.3-0.8) 0.007 

       No  86 84 1 1  

Tablet intake 

per week  

     

  >5 tabs 142 155 3.2(1.96-5.30) 2.3(1.3- 4.1) 0.005 

  <=5 tabs 25 88 1 1  

MDD-W      

   Adequate 147 30 2.55(1.7 – 3.8) 3.4(2.1-5.6) 0.001 

   Inadequate 96 137 1 1  
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Respondents who took IFA tablets for more than two months were 2.6 times more likely to have 

adequate hemoglobin response than respondents who took them 1-2 months (AOR =2.6, 95% CI (1.6-

4.2). Also, pregnant women who reported they had side effects from IFA intake, are less likely to have 

an adequate response to IFA supplementation compared to those who do not experience side effects. 

(AOR= 0.5, 95% CI= 0.32-0.84). Furthermore, pregnant women who are adherent to IFAS are 2.28 

times more likely to have adequate hemoglobin response to iron folate supplementation than those 

non-adherent respondents (AOR= 2.28, 95% CI =1.28- 4.1). This study has also found that primiparous 

respondents were 2.4 times more likely to have adequate hemoglobin response to iron folate 

supplementation than multiparous respondents (AOR= 2.4, 95% CI (1.4– 4.2)) (Table 7). 

Pregnant women with adequate minimum dietary diversity for women (MDD-W) were 3.4 times more 

likely to have adequate hemoglobin response than those with inadequate MDD-W (AOR= 3.4, 95% 

CI=2.12-5.56). Additionally, pregnant women who booked for antenatal care at the health facility in 

the first seven weeks of the first trimester, were 3.9 times more likely to have adequate hemoglobin 

response to iron-folate supplementation than respondents who booked in later gestational weeks 

(AOR=3.9, AOR=2.41-6.56) (Table 7). 
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8. DISCUSSION 
 

The study revealed that adequate hemoglobin response to iron-folate supplementation is present in 

only 40.7 %, [95% CI: 35.9% - 45.5 %)] of the respondents. This result is in line with a study done 

in Jordan (43.1%) [115] but lower than a study conducted in Mekelle, Ethiopia 48.5 [23], and a 

study of an analysis of five RCTs [106]. The difference could be due to differences in geographical 

location that can influence the body's iron metabolism and the overall effectiveness of 

supplementation programs. The higher altitude of Addis Ababa could necessitate greater 

physiological adaptations, thereby impacting the hematological response to iron-folate 

supplementation differently compared to Mekelle. According to other studies, oral iron therapy 

could increase hemoglobin levels, with near-maximal response rates achievable by day 28 post 

supplementation. A ≥1.0-g/dL hemoglobin increase after 2 weeks of oral iron therapy is an accurate 

predictor of subsequent hemoglobin responses at 6-8 weeks [106].  

In this study, the percent changes of hematological indices after iron-folate supplementation, 

especially the red blood cell indices, is higher among anemic respondents than their non-anemic 

counterparts. Respondents with baseline hemoglobin level < 11g/dl had elevated RDW, which is 

higher than those respondents with ≥11g/dl hemoglobin level (Table 3). This result is consistent 

with previous studies [23,73,116,117]. The high RDW value in anemic respondents could be 

attributed to stimulated erythropoiesis [118]. Low oxygen levels due to anemia trigger a 

compensatory mechanism to increase red blood cell production and this stimulation of 

erythropoiesis in turn can lead to anisocytosis; an early sign of iron deficiency anemia [119]. 

In this study, the prevalence of anemia at the endpoint of the follow-up (after respondents completed 

intake of IFAS) is 17.3% (95% CI 13.8 – 21.8) (Figure 3). This is in line with a study done in Iran 

[120]. This finding is higher than a study conducted in Addis Ababa [121], but lower than a 

systematic review and meta-analysis study [81]. The discrepancy with the study in Addis Ababa 

could be because of lack of representativeness of the study as it was conducted in a hospital, as 

opposed to our study which is conducted in a multi-center setting. The difference with the systematic 

review and meta-analysis study might be because it included studies from various regions with 

differing dietary patterns and nutritional statuses, which could lead to an overall higher prevalence 

of anemia. 
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At baseline, about one-third of the anemic respondents had hypochromic anemia. The proportion of 

anemic respondents with hypochromia was significantly reduced at the endpoint of the follow-up, 

after iron folate supplementation (Table 3). Hypochromia is indicative of ineffective hemoglobin 

production in erythrocytes secondary to functional iron deficiency [122]. Our result is consistent 

with previous studies [23,117,121]. At the endpoint of the follow-up, normocytic normochromic 

anemia is found to be the most common form of anemia present in this study participants. Similar 

findings have been reported in previous studies [99,123]. In one study, microcytic normochromic 

anemia was the most common form reported [121]. The etiology of normocytic normochromic 

anemia could be hypo proliferative (i.e., corrected reticulocyte count <2%) or hyperproliferative 

(i.e., corrected reticulocyte count >2%) [124]. In iron deficiency anemia, the reticulocyte count 

could be normal or low [125]. Both anemia of chronic illness and IDA could be the cause of 

normocytic normochromic anemia, but the latter usually manifests with low MCV as opposed to the 

former [124].  

The most common red blood cell alterations in this study, at the endpoint, were normocytic 

normochromic (62 %)  and microcytic hypochromic (21.12 %) (Table 6), which could be indicative 

of iron deficiency [108].  Normocytic normochromic anemia is a type of anemia in which the 

circulating red blood cells (RBCs) are of the same size (normocytic) and have a normal red color 

(normochromic) [124]. Normocytic normochromic red cell morphology with hemoglobin 

concentration less than 11 g/dl could be because of the physiological anemia of pregnancy [108]. 

Also, microcytic hypochromia or normocytic hypochromia with hemoglobin level < 11g/dl could 

be secondary to iron deficiency anemia [108]. In our study, normocytic hypochromia at baseline 

occurred in seventy-eight respondents while it occurred in only twelve respondents at the endpoint 

(Table 6). It is caused by decreased iron reserves in the body which could be secondary to decreased 

iron in the diet, poor absorption of iron from the gut, blood loss, and increased demand for iron due 

to pregnancy [126]. Also, in this study 3.7 % of the anemic respondents had macrocytic anemia 

(MCV > 100, hemoglobin < 11g/dl) initially and at endpoint, only three cases of anemia were of 

macrocytic type.  Macrocytic anemia is because of the deficiency of folic acid and vitamin B12 

[127]. During pregnancy, there is an increase in mean corpuscular volume of about 4 fl on average 

in an iron replete women  and this does not suggest any deficiency of vitamins B12 and folate [56]. 
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In this study, microcytosis occurred in 23.9 % of respondents while hypochromia occurred in 25.4 

% of respondents. Studies have shown that in iron deficiency anemia, hypochromia occurs more 

often than microcytosis [99–101].  In a five-year retrospective study, it has been shown that 

hypochromic anemia occurred in nearly 90% of patients with IDA cases while microcytosis was 

found only in 53% of iron deficiency anemia cases [128]. Other studies have also reported similar 

findings [129,130]. 

Baseline RDW value was higher in anemic compared to non-anemic respondents (mean 15.16% vs. 

13.55 %). This finding is supported by prior studies that reported a higher RDW value in anemic 

than in non-anemic respondents [131–133]. The rise in RDW is because of morphologic changes 

that occur in iron deficiency anemia resulting in a microcytic population of cells appearing in the 

blood [134,135]. Furthermore, in our study, RDW showed a decreasing trend after iron folate 

supplementation in anemic respondents (mean 14.14%, p<0.001). This result is in line with previous 

studies that reported a decrease in RDW values when iron deficiency anemia is corrected [136].  

However, this finding contradicts the result of a study conducted in Turkey which reported a rise in 

the RDW values right after the initiation of iron supplementation [137]. The difference could be due 

to differences in the baseline severity of anemia; as in our study severe forms of anemia were 

excluded, leading to a decrease in RDW over time. The Turkish study included respondents who 

had more severe iron deficiency anemia, resulting in a more pronounced initial variability in red 

blood cell size as the bone marrow begin to respond to supplementation. 

Red blood cell count showed significant changes in both anemic and non-anemic respondents, at the 

endpoint, and the percent change in RBC was higher in anemic respondents than non-anemic (Table 

4).  This study is consistent with a study conducted in Mekelle, Ethiopia [23], but higher than a 

study conducted in Kakamega, Kenya [117]. The difference could be due to the elevation difference 

where the study participants reside, as the city where the latter study was conducted is located 5,100 

feet above sea level compared to   Addis Ababa, located at 7,726 feet above sea level, where this 

study is conducted. Residents at high altitudes cope with decreasing inspiratory oxygen partial 

pressure by stimulating erythropoiesis [3]. Long-term adaptation to high altitude enables healthy 

individuals to maintain their iron stores within the physiological range despite elevated requirements 

for erythropoiesis, but in vulnerable populations with increased iron demand like pregnant women, 

iron stores are less likely to be replenished quickly when living at high altitude [138]. 

There were no significant changes observed in the number of white blood cell counts in either 

anemic or non-anemic respondents at the endpoint. A similar finding has been reported in a study 
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by Belay et al [23]. However, a study by conducted in Poland has reported that iron folate 

supplementation has the effect of increasing white blood cell counts [139]. Significant change in 

WBC has also been reported after iron folate supplementation [121].  Leukocytosis, a common 

finding during pregnancy, is due to the physiologic stress induced by the pregnancy state [56]. 

Hormones such as estrogen and cortisol, elevated during pregnancy, also stimulate the bone marrow 

to produce more WBCs. White blood cell count could also decrease along with other hematological 

indices, in conditions like aplastic anemia, bone marrow failure, autoimmune disorders, and 

nutritional deficiencies like folate and vitamin B12 [9,140,141]. Additionally, WBC count could 

increase due to pathologic conditions like infections which are common during pregnancy and in 

certain malignancies like leukemias, lymphomas and multiple myeloma [9]. 

Platelet count decreased significantly at the endpoint of the follow-up, in both anemic and non-

anemic respondents (Table 4 & Table 5). As the majority of the participants of the study were in the 

third trimester, at the endpoint, this could have resulted from hemodilution caused by the increased 

plasma volume and accelerating platelet clearance in later gestation [142]. Platelet counts in 

pregnant women begin to decrease in the mid-second to the third trimester and continue to decrease 

until the time of delivery [90]. Iron supplementation has been shown to decrease platelet count [89]. 

In our study, 24 (5.9%) of the respondents had thrombocytopenia at the end of the follow -up. The 

value of this result is consistent with previous studies [89,143], but lower than other studies [144], 

[123], 145].  

Sixty-one (14.8%) respondents who initially took prophylactic iron folate supplementation with 

normal levels of hemoglobin and blood pressure developed hypertension de novo in later gestation. 

Studies have shown that iron-replete pregnant women taking iron folate supplementation have 

higher odds of gestational hypertension as compared to iron-depleted pregnant women [112]. 

According to other studies, higher maternal early pregnancy serum ferritin concentrations are 

associated with higher systolic and diastolic blood pressure throughout pregnancy but no consistent 

association is present between maternal iron status in early pregnancy with gestational 

hemodynamic adaptations or the risks of gestational hypertensive disorders [146]. Several other 

studies have shown that iron folate supplementation in iron-replete pregnant women poses a risk of 

preeclampsia [147–149].  The Physiological mechanism by which the high level of iron in the body 

causes preeclampsia involves reactive oxygen species generated by iron-dependent lipid 

peroxidation [150]. These ROS increase oxidative stress and induce the production of pro-

inflammatory cytokines that contribute to endothelial dysfunction, a defining feature of 

preeclampsia [151]. 
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Figure 4: Dietary diversity scores, based on 24-hour recall, of pregnant women attending Antenatal 

care Units In public Hospitals in Addis Ababa.  

Respondents with adequate dietary diversity scores were 3.4 times more likely to have adequate 

hemoglobin response to iron folate supplementation than respondents with inadequate dietary 

diversity (AOR= 3.4, 95% CI (2.12-5.56)). Also, Respondents who had inadequate intake of the 

proposed minimum dietary diversity were more likely to have poor hemoglobin response to iron-

folate supplementation than respondents with adequate dietary diversity scores. This result is 

consistent with previous studies done in south Ethiopia [152], North Shewa [153] and  Ghana [154]  

but not in line with another study conducted in Ghana [155]. The difference with the latter study 

done in Ghana, could be because of the inclusions of a population with better baseline nutritional 

status, which could mask the effects of dietary diversity on hemoglobin response. 

In this study, respondents who booked for antenatal care in the first half of the first trimester and 

hence started IFAS earlier, had better hemoglobin response to iron folate supplementation than those 

who booked in the latter half of the first trimester (AOR 3.9, 95% (CI 2.41-6.56)). Similar findings 

have been reported in other studies conducted in Nigeria [157] and South Africa [158].  Studies have 

shown that iron supplementation during the period of organogenesis i.e. during the first 3- 8 weeks 

of gestation, could have a teratogenic effect and supplementation should not be given during this 

period [159].  Despite this, in a setting where anemia prevalence is high, it is recommended for 

pregnant women to start iron folate supplementation as early as possible after conception [10,16]. 
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Primiparous respondents were 2.4 times more likely to have adequate hemoglobin response to iron 

folate supplementation than multiparous respondents (AOR= 2.4, 95% CI (1.4– 4.2)) (Table 7). The 

results of this study in this regard follow many reports, [160,161], but is not in line with other studies 

that reported a reduction in the risk of anemia with high parity [162,163]. Our finding is also 

consistent with a prospective follow-up study which reported  that anemia and low serum ferritin 

levels occur more commonly in multiparous than in nulliparas [164]. This finding is also supported 

by a prospective cohort study conducted in Oman, Asia [165], a prospective observational study 

done in Japan [166], and several cross-sectional studies conducted in Pakistan [167], India [168] 

and Ghana [169]. Despite supplementation, progressive decline in mean Hb concentration secondary 

to greater acceleration of plasma volume expansion has also been reported in women with 

multiparity [170].  

In this study, respondents who took the supplement for a duration of two months and above were 

2.6 times more likely to have adequate hemoglobin response to iron folate supplementation 

compared to respondents who took for 1-2 months (AOR 2.6, 95% CI (1.6-4.2)) (Table 7). This 

finding is consistent with a study done in Kenya [117] but not in line with a study done in North 

Ethiopia [23]. The difference with the latter study might be due to differences in baseline nutritional 

status between populations which can affect the efficacy of the supplementation. 

Respondents who took more than five iron folates tables per week on consecutive days, were 2.28 

times more likely to have an adequate change in hemoglobin level as compared to those who took 

5 or fewer tablets per week intermittently (AOR 2.28, 95% CI (1.28-4.1)). This finding is in line 

with a previous study [117]. In a RCT involving 200 participants, no differences was reported 

between alternate-day oral iron supplementation compared to daily supplementation, in increasing 

hemoglobin, serum ferritin or reticulocyte count [171,172]. However, the result of this study is not 

consistent with the previous study which assessed whether daily oral iron intake preempts anemia 

over intermittent intake of iron and found inconclusive results [171,173]. Also, this result contradicts 

with previous studies including a randomized controlled trial which found that providing iron 

supplements daily in divided doses increases serum hepcidin and hence reduces iron absorption 

[174]. This study underscored that providing iron supplements on alternate days and in single doses 

optimizes iron absorption and might be a preferable dosing regimen. Another study with 

contradictory results to our study is a randomized controlled trial which showed alternate-day dosing 

demonstrated a higher fractional iron absorption compared with consecutive-day dosing [175]. 
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Participants of this study who reported that they experienced side effect/s of iron folate 

supplementation had poor hemoglobin response compared to those who didn’t complain of side 

effects. Also, respondents who didn’t experience side effects from IFAS were more likely to have 

adequate hemoglobin response to iron folate supplementation than those who experienced side 

effects. Pregnant women who experienced side effects from IFAS were about half as likely to have 

an adequate hemoglobin response compared to those who did not experience side effects from IFAS 

AOR=0.5 95 % CI 0.32-0.84.  This might be a result of not taking the iron folate pills as per the 

guideline because of the side effects. Intermittent regimens of IFA tablets have been reported to 

have lower side effects compared with daily supplementation [103].  

 

9. STRENGTHS AND LIMITATIONS OF THE STUDY 
 

9.1 Strength of the study 
 In this study, we assessed the determinant factors and effects of iron folate supplementation in 

pregnant women residing in the highest capital city in the world (7,726 feet). The fact that research 

on the subject area being limited and the inclusion of factors not explored in previous studies, such 

as dietary habits and altitude, makes this study noteworthy. Additionally, as this study is conducted 

in a multicenter setting, this could have added value to the plausibility of the results of the study.  

9.2 Limitations of the study 
In this study other important diagnostic tests like serum iron level, serum ferritin level, transferrin 

saturation, total iron-binding capacity, reticulocyte count, RBC peripheral morphology were not 

performed due to cost constraints. Also, despite utilizing CBC machines from reputable 

manufacturers with established quality control, inherent differences between models might 

introduce minor variations in cell counts. Furthermore, additional blood test results for the third time 

were not performed due to financial problems.  We were not able to follow as a cohort due to time 

limitations.  
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10. CONCLUSION & RECOMMENDATIONS 
 

10.1 Conclusion 
This study found that iron-folate supplementation improved RBC count in both anemic and non-

anemic pregnant women, but it did not significantly improve leucocyte count. Moreover, platelet count 

decreased in both anemic and non-anemic women following supplementation. Supplementation was 

ineffective in preventing anemia in a substantial proportion (17%) of the women and resulted in 

inadequate hemoglobin response in nearly 60% of the participants. Dietary diversity, earlier timing of 

ANC booking, more than 2 months duration of IFAS intake, good compliance to iron folate 

supplementation, and primiparity were significantly associated with iron folate supplementation. 

10.2 Recommendations 
While iron folate supplementation remains important for preventing anemia, a more nuanced approach 

is needed. This study highlights the need for individualized care by considering factors like dietary 

habits, pregnancy history, and iron status when recommending supplementation. Emphasis has to be 

given for public health interventions like promoting dietary diversity, early antenatal care, and 

improved adherence to IFA tablets. Implementing programs for promoting dietary diversification and 

addressing the link between inadequate dietary intake and poor hemoglobin response is also crucial. 

Emphasize should also be given to antenatal care programs iterating the importance of early and 

consistent antenatal care booking to ensure timely interventions for potential risk factors. Furthermore, 

there is a need to develop strategies to improve adherence to iron folate supplementation (IFA) tablets, 

considering factors like multiparity and side effects. Further research on the long-term impact of iron 

folate supplementation on various hematological indices, especially in women with normal iron stores 

is also recommended.  
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12. ANNEXES 
 

ANNEX I.  Information sheet and Informed Consent form (English version) 

Good morning/Afternoon? 

How are you? My name is ----------. I am a data collector for the study which is going to be conducted 

in public hospitals located in Addis Ababa. This hospital is one of the study areas in which data will 

be collected for the study “Determinants and effects of Iron Folic acid supplementation on maternal 

Hematological indices among pregnant women” by Zeleke Endalew who is studying his master’s 

degree at Addis Ababa university College of Medicine and Health science, School of medicine 

physiology department. 

You are kindly being asked to be participant of this study. Before you decide, it is important for you 

to read the following information carefully and ask if there is anything that is not clear to take part 

in the study. The purpose of this study is to assess the effect IFA supplementation on maternal red 

blood cells hemoglobin content and determinant factors. As i have mentioned above, this study is 

just for research purpose but we hope that the information obtained will be used to inform hospitals 

and other policy formulators the potential result of which could be improvement in healthcare 

service delivery in the country. 

Title: Assessment of Determinants and effect IFA supplementation on maternal hematological 

indices at Addis Ababa city public hospitals, Ethiopia, 2023. 

Producer and duration: The study involves drawing/taking blood sample from your veins located at 

the antecubital fossa, to be sent for analysis. Every data collected will be kept confidentially. Risk 

and benefits: There are no risk involved in this study. You may feel some pain while blood is being 

withdrawn but this will not have bad consequence. There are no direct medical benefits to you for 

participating in this study. A potential benefit of the study will be improvement of the health service 

delivery based on the recommendation of this study findings. 

Confidentiality: This research will be conducted in accordance with all the Ethiopian laws and 

regulations that protect rights of human research subjects. All records and other information 

obtained will be kept strictly confidential and your protected health information will not be used 

without permission. All data collection tools will be identified by codes or number to protect any 

information that could be used to identify you as a participant. Results of this study may be published 

but no name or other identifying information will be released. 



 

57  

Volunteer participation: it is up to you to decide whether to take part in this study. Refusal to 

participate or the decision to withdraw from this research will involve no penalty or loss of benefits 

and this will not affect your relationship with the investigator and the treating team. 

Cost and compensation to participant: There won’t be compensation to the subjects for participation 

in this study. 

Institution review Board: this study has been approved by the institutional research and ethics 

committee of Addis Ababa university, college of medicine and health science, school of medicine. 

It has got permission from this hospital too. 

Contact address: If there are any questions or enquires at any time about the study or procedures, 

please contact the PI Using the following address: 

Principal investigator: Zeleke Endalew  

E-mail: zeleke.endalew@aau.edu.et , Mobile phone: +251910804000 

Are you willing to participate? If the answer is yes, please continue 

By signing this consent form, I confirm I have read/heard form and have had the opportunity to ask 

questions. I voluntarily agree to take part in this study. 

Code of the participant ……………………signature…………. date………………. 

 

 

 

 

 

 

 

 

 

 

 

mailto:zeleke.endalew@aau.edu.et
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ANNEX II. English version Questionnaire 

Hospital Name--------------------------------Date……………Time… pregnancy stage_____weeks 

Subject Code______   

Table 8: English version data collection checklist form to assess determinants and effects of IFA 

supplementation in maternal Hematological indices among pregnant women attending ANC Units 

in Public Hospitals in Addis Ababa. 

Part I: Maternal Socio-Demographic Related Characteristics to assess determinants and effects of 

IFA supplementation in maternal Hematological indices among pregnant women attending ANC 

Units in Public Hospitals in Addis Ababa. 

No Socio demographic 
factors 

Response Skip to 

100 Age of the mother _____ years  

101 Marital status 1. Single 
2. Married 
3. Divorced 
4. Widowed 

 

102 Educational status  
1. Can’t read and write 
2. Can read and write 
3. Primary school 
4. Secondary School 
5. College and above 

 

 

103 Occupation 1. Governmental Employee 
2. Private 
3. Marchant 
4. Farmer 
5. House Wife 
6. others specify…. 

 

104 Residence 1. urban 
2. rural 

 

105 Average monthly income -------ETB  

106 Religion 1. Orthodox Christian 
2. Muslim 
3. Protestant 
4. Catholic 
5. Others, please specify 

 

 

 



 

59  

Part II: Maternal Medical and Obstetric Predictors to assess determinants and effects of IFA 

supplementation in maternal hematological indices among pregnant women attending ANC Units 

in Public Hospitals in Addis Ababa. 

No Maternal Medical and
 Obstetric 
Predictors 

Response  

201 RH factor and blood group 1. --------  
202 Stage of the pregnancy 2.--------------- weeks  

203 Starting date of ANC follow-
up 

Starting from --------- week of gestation  

204 Parity/Gravidity 1. Nulliparous 
2. Primiparous 
3. Multipara 
4. Grand-multiparous 

 

205 Birth interval 1. -------------- years  
206 Did you have earlier diagnosis 

of the bellow mentioned 
chronic diseases? 

1. Yes 
2. No 

If No 
skip to 
208 

207 If yes, one of the chronic 
medical problems (multiple 
response Possible) 

1. DM 
2. HTN 
3. Anemia 
4. HIV/AIDS 
5. Covid 19 
6. Other specify ---- 

 

208 For how many weeks did you 
take the IFA tablets. 

------------ weeks  

209 Did you have any of the 
mentioned possible side 
effects of the iron 
supplementation? 

Constipation  Diarrhea  _ 
stomach cramps/upset stomach   

 

210 Did you pay to get the IFA 
tablets? 

1. Yes   
2. No   

 

211 From where did you get the 
IFA tablets? 

 
1. Public Health care centers    
2. Private Health Care facility   

 

212 Did you have diagnosis of 
anemia during your earlier 
pregnancy or prior to the first 
pregnancy (if you are 
primigravida)? 

1.Yes   
2. No   

 

213 Did you have PPH during 
your earlier delivery (where 
you told by your birth 
attendant that you had PPH? 
(For multigravida women) 

1. Yes 
2. No    
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214 Did you take IFA supplement 
during your earlier 
pregnancy? If yes please 
specify for how long you took 
the tablets. And from where 
you took it. 

 
1. Yes, for ____weeks 
2. No 

 

215 Do you consume the bellow 
mentioned items most often, 
during your pregnancy? 
Please specify how often if 
your answer is yes. 
 

a. Tea   
b. Coffee   
c. Wine   

1. Yes 
2.  No 

 
 
 
 

  
 

 

216 If yes, when do you often take 
these drinks in relation to 
meal time? 

1. Before meal   
2. After meal 

 

217 If you didn’t take IFA 

supplement during your 
earlier pregnancy, what was 
the reason for not taking the 
tablets? 

1. I was not prescribed with IFA tablets 
2. Forgetfulness 
3. Side effects 
4. I don’t think it helps 
5. others 

 

218 Have you been fasting? If yes, 
since when? 
 
 

1. Yes, for  week/s/month/ 
2. No, I did not 

 

219 How often do you eat in a 
day? 

_____ times a day  

220 How many of the following 
listed food items did you 
consume in the last 24 hours? 
Please select all that you ate. 
(Circle the number/s)[DDS] 

Food groups consumed (Food items within 
the group) 
1. Grains 

Teff, wheat, corn/maize, barley, rice, 
sorghum, millet oats, enjera, bread, 
porridge, kita, chechebessa, kolo, nifiro, 
noodles (pasta, spaghetti) 
 
White roots and tubers, and plantains:  
Potatoes (all skin colours), enset (kocho, 
bulla or amicho), sweet potato (white/pale 
yellow fleshed), white yam (boye), 
cassava, taro (godere) 

 
2. Beans, peas, lentils, or chickpea 

 
3. Nuts or seeds  

           Groundnut/peanut, seeds (like sesame) and 
seed “butters” 
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4. Milk and milk products (Cheese, 
yoghurt) 

5. Meat, poultry and fish  
Organ meat (Liver, kidney, heart, 
gizzard) 
Red flesh mammals’ meat (Beef, lamb, 

goat) 
Poultry meat (Chicken) 
Fish and seafood (Fresh, frozen, dried or 
canned fish) 

6. Eggs 
7. Dark green leafy vegetables (Kale, 

broccoli, lettuce, spinach, and Swiss 
chard) 

8. Vitamin A rich vegetables or roots 
(Pumpkin, carrots, squash, or orange 
flesh sweet potatoes) 
Vitamin A rich fruits (Ripe mangoes or 
ripe papaya) 

9. Other vegetables (Tomato, eggplant, 
green pepper, cucumber, cabbage 
(common and red varieties), cauliflower, 
mushroom, and zucchini, beans, peas or 
lentils when the fresh/ green pod is 
consumed) 

10. Other fruits (Orange, banana, avocado, 
pineapple, guava, watermelon, apple, 
grapefruit, berries) 

221 Is there any medication that 
you are taking now? If yes 
please specify it and for what 
diagnosis you are taking it? 
Also write if you are 
taking/took multivitamin 

Medications  
1. Yes 
2. No 

Multivitamins  
1. Yes. 
2. No  

 

222 Were you taking calcium 
tablets? If yes, do you take 
IFAS tablets with iron 
simultaneously? 

1. Yes 
2. No 

 

223 Have you received or donated 
blood in the last 2 months 

1. Yes   
2. No   

 

224 Laboratory measurements 
performed before  IFAS 
initiation i.e baseline 
hematological analysis. 

1. WBC =    
2. Hb=   
3. HCT=  
4. RBC=    
5. MCV=    
6. MCH=    
7. MCHC=    
8. RDW =     
9. Platelet Count =   
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225 Laboratory measurements at 
endpoint of the follow-up 

1. WBC =    
2. Hb=   
3. HCT=  
4. RBC=    
5. MCV=    
6. MCH=    
7. MCHC=    
8. RDW =     
9. Platelet Count =   

 

226 Was your pregnancy planned? 1. Yes  
2. No  

 

227 BMI 
. 

1. Weight ____Kg (pre-pregnancy if available 
2. Height? ____m 

 BMI=  _________kg/m2 (Using Pre- pregnancy wt)
   
3. MUAC= _______ 
____  

 

228 Blood pressure 1. Systolic Blood Pressure ________ mm hg   
2. Diastolic Blood pressure ________ mm hg 
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Table 9. Minimum dietary diversity for women of reproductive age (18_49 years),  Ethiopia 

extensive food list[114] 

 
 

Food groups Food items 

A Foods made from grains Teff, wheat, corn/maize, barley, rice, 
sorghum, millet, oats, enjera, bread, 
porridge, kita, chechebessa, kolo, 
nifiro, noodles (pasta, spaghetti) 

B 
White roots and tubers or 
plantains 

Potatoes (all skin colours), enset (kocho, 
bulla or amicho), sweet potato 
(white/pale yellow fleshed), white yam 
(boye), cassava, taro (godere) 

C Beans, peas, lentils Beans, peas, lentils, or chickpea 

D Nuts or seeds Groundnut/peanut, seeds (like sesame) 
and seed “butters” 

E Milk Milk 

F Milk products Cheese, yoghurt 

G Organ meat Liver, kidney, heart, gizzard 

H Red flesh mammals’ meat Beef, lamb, goat 

I Processed meat – 

J Poultry and other white 
meats 

Chicken 

K Fish and seafood Fresh, frozen, dried or canned fish 

L Eggs Eggs 

M Dark green leafy 
vegetables 

Kale, broccoli, lettuce, spinach, and 
Swiss chard 

N 
Vitamin A rich vegetables 
or roots 

Pumpkin, carrots, squash, or orange flesh 
sweet potatoes 

O Vitamin A rich fruits Ripe mangoes or ripe papaya 

P Other vegetables 
Tomato, eggplant, green pepper, 
cucumber, cabbage (common and red 
varieties), cauliflower, mushroom, and 
zucchini, beans, peas or lentils when the 
fresh/ green pod is consumed 
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Q Other fruits Orange, banana, avocado, pineapple, 
guava, watermelon, apple, grapefruit, 
berries 

R Packaged salty snacks Crisps and chips 
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ANNEX III. Information sheet and Informed Consent form (Amharic version) 
ሰላም ጠና ይስጥልኝ፤ 
 
ስሜ ----------- እባላለሁ፤ በአዲስ አበባ ዩኒቨርሲቲ ጤና ሳይንስ ኮሌጅ የሁለተኛ ዲግሪያቸውን በመማር ላይ በሚገኙት ዘለቀ 

እንዳለው በአዲስ አበባ ውስጥ በሚገኙ የመንግስት ሆስፒታሎች ለሚካሄድ ጥናት መረጃ ሰብሳቢ ነኝ። የጥናቱ አርስት ‘እርግዝና 
ላይ በሚገኙ አይረንና ፎሊክ አሲድ እንክብሎችን በሚዎስዱ እናቶች የሂሞግሎቢን ይዘት እና ወሳኝ ሁኔታዎች ላይ የሚያሳድረው 
ተፅዕኖ ይሰኛል። ለጥናት መረጃ ከሚሰበሰብበት አንዱ ይህ ሆስፒታል ነው ። የዚህ ጥናት ተሳታፊ እንድትሆኑ በአክብሮት 
ተጠይቀዋል። ከመወሰንዎ በፊት የሚከተለውን መረጃ በጥንቃቄ ማንበብ እና በጥናቱ ውስጥ ለመሳተፍ ግልጽ ያልሆነ ነገር ካለ 
ይጠይቁ።  የዚህ ጥናት ዓላማ የአይረንና ፎሊክ አሲድ እንክብሎችን በሚዎስዱ እናቶች በእናቶች ቀይ የደም ሴሎች የሂሞግሎቢን 
ይዘት እና በሚወስኑ ምክንያቶች ላይ ያለውን ተጽእኖ ለመገምገም ነው፤ ከላይ እንደገለጽኩት ይህ ጥናት ለምርምር ዓላማ ብቻ ነው 
ነገር ግን የተገኘው መረጃ ለሆስፒታሎች እና ለሌሎች በሀገሪቱ ያለውን የጤና አጠባበቅ አገልግሎት አሰጣጥ መሻሻል ሊያመጣ 
የሚችል ውጤት ለማሳወቅ ይጠቅማል ተብሎ ይታሰባል። 

 
የጥናቱ ሂደትና እና የቆይታ ጊዜ፡ ጥናቱ እጅዎ ውስጥ ከሚገኙት ደም ስር ናሙና መውሰድ/ መውሰድን ያካትታል። እያንዳንዱ 
የተሰበሰበ መረጃ በሚስጥር ይጠበቃል። በዚህ ጥናት ውስጥ በመሳተፍዎ ምንም አይነት ስጋት የለም። ደም በሚዎሰድበት ጊዜ ትንሽ 

ህመም ሊሰማዎት ይችላል ፤ ነገር ግን ይህ ጉዳት አይኖረውም. በዚህ ጥናት ውስጥ ለመሳተፍ ምንም አይነት ቀጥተኛ የህክምና 
ጥቅሞች የሉም። የጥናቱ ፋይዳ በዚህ የጥናት ግኝቶች ላይ የተመሰረተ የጤና አገልግሎት አሰጣጥ መሻሻል ነው። 

ሚስጥራዊነት፡- ይህ ጥናት የሚካሄደው በሁሉም የኢትዮጵያ ህግጋትና መመሪያዎች መሰረት የሰው ልጅ የምርምር ጉዳዮችን 
መብቶች በሚያስከብር መልኩ ነው። ሁሉም መዛግብት እና ሌሎች የተገኙ መረጃዎች በጥብቅ ሚስጥራዊ ይሆናሉ እና የተጠበቀው 
የጤና መረጃዎ ያለፈቃድ ጥቅም ላይ አይውልም። እርስዎን እንደ ተሳታፊ ለመለየት የሚያገለግል ማንኛውንም መረጃ ለመጠበቅ 
ሁሉም የመረጃ መሰብሰቢያ መሳሪያዎች በኮዶች ወይም በቁጥር ይታወቃሉ። የዚህ ጥናት ውጤት ሊታተም ይችላል ነገር ግን ስም 
ወይም ሌላ መለያ መረጃ አይወጣም። በዚህ ጥናት ውስጥ ለመሳተፍ መወሰን የእርስዎ ነው። ለመሳተፍ ፈቃደኛ አለመሆን ወይም 
ከዚህ ጥናት ለመውጣት መወሰን ምንም አይነት ቅጣት ወይም ጥቅማጥቅሞችን ማጣት አያካትትም እና ይህ ከመርማሪው እና 
ከህክምና ቡድን ጋር ያለዎትን ግንኙነት አይጎዳውም። 
ለተሳታፊ ወጪ እና ማካካሻ፡ በዚህ ጥናት ውስጥ ለሚሳተፉት ምንም አይነት ቀጥተኛ ጥቅም አይኖርም። የተቋማት ገምጋሚ ቦርድ፡

- ይህ ጥናት በአዲስ አበባ ዩኒቨርሲቲ፣ በሕክምናና ጤና ሳይንስ ኮሌጅ፣ በሕክምና ትምህርት ቤት ተቋማዊ ጥናትና ሥነ ምግባር 
ኮሚቴ ጸድቋል። ከዚህ ሆስፒታልም ፈቃድ አግኝቷል። 

 የተመራማሪ አድራሻ፡- ስለ ጥናቱ ወይም አካሄዶቹ በማንኛውም ጊዜ ብዥታ ወይም ጥያቄዎች ካሉ፣ እባክዎን በሚከተለው አድራሻ 
ተመራማሪውን ያግኙ። 
ዋና ተመራማሪ ስም ፡ ዘለቀ እንዳለው 

ኢሜል፡ zeleke.endalew@aau.edu.et  

ሞባይል ስልክ፡ +251910804000 

ለመሳተፍ ፈቃደኛ ነዎት? መልስዎ አዎ ከሆነ፣ እባክዎ ይቀጥሉ 

ይህን የስምምነት ቅጽ በመፈረም ፎርሙን እንዳነበብኩ/እንደሰማሁ እና ጥያቄዎችን ለመጠየቅ እና ከላይ የተጠቀሱትን መረጃዎች 
ለመስጠት እንደተስማማሁ አረጋግጣለሁ። በዚህ ጥናት ለመሳተፍ በፈቃዴ ተስማምቻለሁ። 

የተሳታፊው ኮድ…………………………… ፊርማ ……………………………ቀን …………………. 

mailto:zeleke.endalew@aau.edu.et
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ANNEX IV. Amharic version Questionnaire  
 

Table 10: Amharic version data collection checklist form to assess determinants and effects of IFA 

supplementation in maternal Hematological indices among pregnant women attending ANC Units 

in Public Hospitals in Addis Ababa. 

ክፍል አንድ 

ቁጥር ሶሲዮዮ ዲሞግራፊ ስታተስ መልስ 
100 እድሜ -----------አመት 
101 የጋብቻ ሁኔታ 1. ያላገቡ 

  2. ያገቡ 
  3. ተፋትቻለህ 
  4. ሌላ 

102 የትምህርትሁኔታ የእናት የትምህርት ሁኔታ 
1. ማንበብና መጻፍ አልችልም 

  2. ማንበብና መጻፍ እችላለሁ 
  3. የመጀመሪያ ደረጃ 
  4. ሁለተኛ ደረጃ 
  5. ኮሌጅ 
  የባለቤት የትምህርት ሁኔታ 
  1. ማንበብና መጻፍ አልችልም 
  2. ማንበብና መጻፍ እችላለሁ 
  3. የመጀመሪያ ደረጃ 
  4. ሁለተኛ ደረጃ 
  5. ኮሌጅ 

103 ስራ 1. የመንግስት ሰራተኛ 
  2. ነጋዴ 

3. የግብርና ስራ 
4. የቤት እመቤት 
5. ሌላ …. 

104 በቋሚነት የሚኖሩበት ቦታ 1. ገጠር 
2. ከተማ 

105 አማካይ ወርሃዊ የገቢ መጠን -------ብር 
106 ሃይማኖት 1. ኦርቶዶክስ ክርስቲያን 

2. ሙስሊም 
3. ፕሮቴስታንት 
4. ካቶሊክ 
5. ሌላ 

107 የቤተሰብ መጠን (በቤትዎ ዉስጥ ምን 
ያክል ሰው ይኖራል?) 
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ክፍል ሁለት፡ የተስታፊዎችን ሜዲካልና ኦብስተትሪክ ሁኔታን በተመለከተ 

 

ቁ ሜዲካልና ኦብስተትሪክ ፕሪዲክተርስ መልስ 
201 የደም አይነት -------- 
202 የእርግዝና የእድገት ደረጃ ------------ weeks 
203 የ እርግዝና ክትትል የጀመሩበት ቀን ከ --------- የ እርግዝና ሳምንት ጀምሮ 
204 ግራቪዲቲ/ፓሪቲ 1. ፕሪሚፓ/Primipara 

2. መልቲፓ/Multipara 
3. ፕሪሚግራቪድ/Primigravida 
4. መልቲግራቪድ/Multigravida 

205 የወሊድ ርቀት/በርዝ ኢንተርቫል 1 --------- አመት 
206 ከዚህ በመቀጠል የተዘረዘሩት የጤና እክሎች 

ነበረቦት? 
1. 
2. 

አ
ዎ 
አ
ይ 

 አዎ ከሆነ ከሚከተሉት ዉስጥ የትኛው የጤና እክል 
እንደነበረቦት ይግለጹ። 

1. ይስኳር በሽታ 
2. የደም ግፊት በሽታ 

  3. የደም ማነስ በሽታ 
  4. የኩላሊት በሽታ()ለረጅም ጊዜ የቆየ) 
  5. ኮቪድ 19 
  3. ሌሎች ---- 

207 የደም ማነስ እንክብሎ ለምን ያክል ጊዜ ወስደዋል ለ ------------ ሳምንት 

208 የደም ማነስ እንክብሎ እየወሰዱ ሳለ ከተዘረዘሩት 
የጎን ዮሽ ጉዳት ተሰምቶት ያውቃል? 

1. የሆድ ድርቀት    
2. ተቅማጥ    

  3. የሆድ ቁርጠት     
209 በመጀመሪአ የእርግዝና ክትትልዎ ጊዜ የደም ማነስ 

እንክብሎችን ገዝተው እንዲጠቀሙ በባለሙያ 
ታዘው ነበር ? 

1. አዎ 
2. አይ 

210 የደም ማነስ እንክብሎችን ከየት ነበር የወሰዱት 1. 
2. 

ከመንግስት የህክምና ተቋም በነጻ    
ከግል ፋርማሲ    

211 መልስዎ ከግል ፋርማ ከሆነ ወደ ግል ግል ፋርማሲ 
ሊሄዱ ያቻሉት በምን ምክንያት ነበር? 

1. ከመንግስት ጤና ተቋም የደም ማነስ እንክብሎች እንደሌሉ 
ስለተነገረኝ እኔ ብግሌ መግዛት ስለፈለኩ 

212 ከዚ ቀደም በነበረ እርግዝና ጊዜ/ከ እርግዝና በፊት አዎ   
 የደም እጥረት እንደነበረቦት በ ጤና ባለሙያ 

ተነግሮት ነበር? 
አይ   

213 የቅርብ ጊዜ ልጅዎን ሲወልዱ ከፍተኛየሆነ የደም 
መፍሰስ ገጥሞት እንደነበር ባዋለዶት የጤና 
ባለሙያ ተነግሮት ነበር? 

አዎ  አይ   

 ከዚ ቀደም በነበሮት እርግዝና ጊዜ የደም ማነስ አዎ፣ለ______ሳምንት ወስጃለሁ 
 214  እንክብሎችን ወስደው ነበር? ወስደው ከነበር አይ፣ አልወሰድኩም 

 ለምን ያክል ጊዜ ነበር የወሰዱት?  
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 በ እርግዝና ጊዜ የተጠቀሱትን የመጠጥ አይነቶች 1. ሻይ    
 በምን ያክል ድግግ ሞሽ ይወስዳሉ (ወስደው 2. ቡና   
215 የማያቁ ከሆነ ወስጀ አላውቅም ተብሎ ይሞላ) 3. ወይን   
216  

ከላይ የተጠቀሱትን መጠጦች አብዛኛውን ጊዜ 
የሚጠቀሙት ከምግብ በፊት ወይስ በኋላ? 

4. ሌላ   
a.   ከምግብ በፊት    
b.  ከምግብ በኋላ   

217 በባለፈው እርግዝናዎት ጊዜ የደም ማነስ 
እንክብሎችን ወስደው ካልነበረ ምክኛትዎ ምንድን 
ነበር? 

1. ስላልታዘዘልኝ 
2. በጎን ዮ ሽ ጉዳት ምክን ያት 
3. ይጠቅማል ብየ ስላላሰብኩ 

  4. ጤና ተቋም የእርግዝናክትትል ስላልነበረኝ 

 ባአለፉት ሁለተ ወራት ዉስጥ ጾም የጾሙበት ቀን 1. አዎ፣ ለ  ሳምንት/በወር/ 
218 አለ ? አዎ ከሆነ፣ ከመቼ ጀምሮ? 2. አይ, አላደረግኩም 
219 በቀን ዉስጥ በ አማካይ ስንት ጊዜ ይመገባሉ?  

220 ባለፉት 24 ሰዓታት ውስጥ ከሚከተሉት 

የተዘረዘሩ ምግቦች ውስጥ ምን ያህሉን ተመገቡ? 

እባኮትን የበሉትን ሁሉ ይምረጡ። (ቁጥሩን 
ይክበቡ) 

1. ጥራጥሬዎች 
ጤፍ፣ ስንዴ፣ በቆሎ/በቆሎ፣ ገብስ፣ ሩዝ፣ ማሽላ፣ ማሽላ 
አጃ፣ ኤንጄራ፣ ዳቦ፣ ገንፎ፣ ኪታ፣ ጨጨጨሳ፣ ቆሎ፣ 
ንፍሮ፣ ኑድል (ፓስታ፣ ስፓጌቲ) 

ሌሎች 

 ድንች (ሁሉም የቆዳ ቀለሞች)፣ እንሰት (ኮቾ፣ ቡላ ወይም 
አሚቾ)፣ ድንች (ነጭ/ሐመር ቢጫ ሥጋ ያለው)፣ ነጭ ያም 
(ቦይ)፣ ካሳቫ፣ ጣሮ (ጎደሬ) 

2.  ባቄላ፣ አተር፣ ምስር ወይም ሽንብራ 

3. ለውዝ፣ ዘር (እንደ ሰሊጥ)  

4. ወተት እና የወተት ተዋጽኦዎች (አይብ፣ እርጎ) 
ወተት እና የወተት ተዋጽኦዎች (አይብ፣ እርጎ) 
5.  የሰውነት አካል ሥጋ (ጉበት ፣ ኩላሊት ፣ ልብ ) 

ሥጋ (የበሬ ሥጋ ፣ በግ ፣ ፍየል) የዶሮ ሥጋ (ዶሮ) 
ዓሳ እና የባህር ምግቦች (ትኩስ ፣ የቀዘቀዘ ፣ የደረቁ ወይም 
የታሸጉ ዓሳ) 

6. እንቁላል 
7. ጥቁር አረንጓዴ ቅጠላማ አትክልቶች (ካሌ፣ ብሮኮሊ፣ ሰላጣ፣ 
ስፒናች እና የስዊስ ቻርድ) 
8. በቫይታሚን ኤ የበለጸጉ አትክልቶች ወይም ሥሮች (ዱባ፣ 
ካሮት፣ ወይም ብርቱካን ሥጋ ስኳር ድንች) 
 
በቫይታሚን ኤ የበለጸጉ ፍራፍሬዎች (የበሰለ ማንጎ ወይም የበሰለ 
ፓፓያ) 
 
9. ሌሎች አትክልቶች (ቲማቲም ፣ ኤግፕላንት ፣ አረንጓዴ በርበሬ 
፣ ዱባ ፣ ጎመን (የተለመዱ እና ቀይ ዝርያዎች) ፣ ጎመን ፣ እንጉዳይ 
እና ዝኩኒ ፣ ባቄላ ፣ አተር ወይም ምስር  
10. ሌሎች ፍራፍሬዎች (ብርቱካን, ሙዝ, አቮካዶ, አናናስ, ጉዋቫ, 
ሐብሐብ, ፖም, ወይን ፍሬ, ቤሪ 

 

 
እየወሰዱት ያሉት መድሃኒት ወይም መድሃዲኒት፡ --------------------- 
መልቲቫይታሚን እንክብሎች አሉ? ካለ መድሃኒቲ  
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221 

 

ምን እንደሆነና ለምን እንደታዘዘልዎት ይግለጹ። 
የ ራይት ምልክት ይጠቀሙ። 
 
 

መልቲቫይታሚን ታብሌት ፡    

222 
  
ካልሴም ታብለት እየወሰዱ ነው? መልስዎ አዎ  
ከሆነ የደም ማነስ የታዘዙልዎትን ታብሌት ከ  

ካልቼም ጋር አብረው ነው ሚዎስዱት? መልስዎ  
 

አይደለም ከሆነ በስንት ሰአት ልዩነት/ርቀት ነው  
 

ይወስዱ የነበር/እየወሰዱ ያለ?  
 

223 
በቅርብ ጊዜ ደም ለግሰው ነበር ? አዎ   

 አይ    
224  

አይረንና ፎሊክ አሲድ እንክብሎችን መውሰድ 
ከመጀመሩ በፊት የተደረገ የላብራቶሪ ናሙና 
ምርመራ ዉጤት 

 
1. WBC =    
2. Hb=   
3. HCT=   
4.   RBC=    
5. MCV=    
6.   MCH=    
7. MCHC=    
8.    RDW =    
9.  Platelet Count =    

225 ሌሎች ሜዠርመንቶች (ኢሮን ፎሊክ አሲድ 
እንክብሎችን መውሰድ ከጀመሩ ቢያንስ ከ አንድ 
ወር በኋላ የተደረገ ምርመራ) 

 1. የደም ዉስጥ የግሉኮስ  መጠን    

 2. የደም ግፊት 
  ልኬት 

  
226226 

 

አይረንና ፎሊክ አሲድ እንክብሎችን ከወሰዱ 
ቢያንስ ከ አንድ ወር በኋላ የተደረገ የላብራቶሪ 
ናሙና ምርመራ ዉጤት 

1. WBC =    
2. Hb=    
3. HCT=   
4.   RBC=    
5. MCV=    
6.   MCH=    
7. MCHC=    
8.   RDW =     
9.  Platelet Count =    

 

227 

እርግዝናዎት የታቀደ ነበር? 1. አዎ  
 2. አይ  

228 ፕረዘንት ፕሪናታል ሪከርድ 1. ክብደት  ኪ/ግ (ቅድመ ወሊድ) 
2. ቁመት  ሜ 
ቢኤም አይ =  ኪሎ ግራም ፐር ሜትር ስኴር 
(ከ እርግዝና በፊት የተደረገ የክብደት መጠንን በመጠቀም) 
3. የደም ግፊት መጠን ? 
ሲስቶሊክ = 
 ሚሊሜ

ትር ሜርኩሪ ዲያስቶሊክ =  
 ሚሊ 
ሜትር ሜርኩሪ 
4.ሟክ (ሚድ አፐር አርም ሰርከምፈረንስ)=    
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ANNEX V. Letter of Approval (Ethical Clearance Letters) 

 



 

72  

 

 



 

73  

 


	APPROVAL SHEET
	DECLARATION
	ACKNOWLEDGEMENT
	ABBREVIATIONS/ACRONYMS
	LIST OF TABLES
	LIST OF FIGURES
	CONTENTS
	ABSTRACT
	1. INTRODUCTION
	1.1 Background
	1.2 Statement of the problem
	1.3 Significance of the study

	2. LITERATURE REVIEW
	1.1 Micronutrient requirements during pregnancy
	2.2 Normal hematological changes during pregnancy
	2.3 The magnitude of iron deficiency anemia during pregnancy and its predictors
	2.4 Iron supplementation and platelet parameters
	2.5 Prenatal iron deficiency and birth outcomes

	3. CONCEPTUAL FRAMEWORK
	4. RESEARCH HYPOTHESIS
	5. OBJECTIVES
	5.1 General Objective:
	5.2 Specific Objectives:

	6. MATERIALS AND METHODS
	6.1 Study period and setting
	6.2 Study Design
	6.3 Population
	6.3.1 Source Population
	6.3.2 Study population

	6.4 Eligibility criteria
	6.4.1 Inclusion Criteria
	6.4.2 Exclusion Criteria

	6.5 Sample Size Determination, sampling technique and Procedure
	6.5.1 Sample Size Determination
	Parameters for Sample Size Calculation:

	6.5.2 Sampling technique and procedure


	6.6 Variables of the study
	6.6.1 Dependent variable
	6.6.2 Independent variable
	6.7 Operational definitions
	6.8 Data Collection Procedures, tools and quality control
	6.8.1 Data collection tools
	6.8.2 Data collection procedure and quality control

	6.9 Data processing and analysis
	6.10 Ethical considerations
	6.11 Dissemination of the result

	7. RESULT
	7.1 Socio-demographic characteristics of the study participants
	7.2 Clinical characteristics of the study participants
	7.3 Hematological responses to IFA supplementation
	7.4 Anemia morphology and classification
	7.5 Factors associated with hemoglobin response to IFA supplementation

	8. DISCUSSION
	9. STRENGTHS AND LIMITATIONS OF THE STUDY
	9.1 Strength of the study
	9.2 Limitations of the study

	10. CONCLUSION & RECOMMENDATIONS
	10.1 Conclusion
	10.2 Recommendations

	11. REFERENCES
	12. ANNEXES

