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Abstract: Anemia during pregnancy, predominantly 

caused by iron deficiency, remains a major global 

health concern, particularly in low- and middle-income 

countries. This review compiles evidence from 25 

significant studies assessing various biotechnological 

and dietary approaches to manage and mitigate iron-

deficiency anemia (IDA) in pregnant women. 

Interventions such as recombinant erythropoietin, iron-

fortified foods, micronutrient-rich beverages, and iron-

folic acid supplementation have demonstrated variable 

success in improving maternal hemoglobin and iron 

status. While daily iron supplementation proves more 

effective than intermittent strategies, concerns about 

side effects and compliance persist. Nutritional 

counseling and fortified diets, especially when 

combined with targeted supplementation strategies, 

significantly reduce anemia prevalence and improve 

maternal and neonatal outcomes. Moreover, studies 

highlight the importance of micronutrients like zinc, 

vitamin C, and vitamin D in supporting hematopoiesis 

and enhancing iron absorption. Innovations in delivery 

methods, such as prolonged-release supplements and 

direct observation for improved adherence, also show 

promise. However, gaps in early pregnancy 

supplementation, disparities in resource access, and 

variations in compliance continue to hinder large-scale 

effectiveness. This review underscores the need for 

integrative, personalized, and evidence-based anemia 

management strategies that combine biotechnology. 
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INTRODUCTION  

 

Skolmowska D. et. al. (2022) conducted a systematic 

review to assess the effectiveness of dietary 

interventions, such as iron-rich or fortified foods, 

multi-nutrient intake, and dietary counselling—in 

preventing and treating iron-deficiency anemia in 

pregnant women. The findings showed that these 

interventions were generally effective, but many of 

the included studies had a medium to high risk of 

bias, indicating a need for more rigorous randomized 

controlled trials in the future [1]. During pregnancy, 

iron requirements increase significantly and often 

exceed what can be obtained from diet alone, 

especially in later trimesters. Supplementation has 

proven effective in controlled settings, but large-scale 

success is limited by poor compliance and weak 

healthcare systems. Preventive approaches and novel 

delivery methods offer some promise, yet long-term 

food fortification remains the most practical and cost-

effective solution [5]. This article emphasizes the 

risks of nutrient deficiencies during pregnancy, 

particularly iron, and the importance of dietary 

supplementation. Deficiencies can lead to 

complications like miscarriage and preterm delivery. 

Personalized prenatal care is key, with prolonged-

release ferrous sulfate recommended for its better 

safety profile and improved compliance [25]. 

 

II. DIETARY AND FORTIFIED NUTRITIONAL 

INTERVENTIONS 

 

A systematic review was conducted to evaluate the 

effectiveness of dietary strategies, such as iron-rich 

or fortified foods, multi-nutrient intake, and 
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nutritional counseling, in preventing and treating 

iron-deficiency anemia in pregnant women. These 

interventions were found to be generally effective; 

however, the presence of moderate to high bias in 

many studies indicates the need for more rigorous 

randomized controlled trials [1]. This study aimed to 

assess the impact of a micronutrient-fortified 

beverage containing 11 essential nutrients on the 

nutritional status of pregnant women in Tanzania. In 

a randomized controlled trial involving 259 women, 

8 weeks of supplementation led to significant 

improvements, including a 4.16 g/L increase in 

hemoglobin and a 3 g/L rise in ferritin levels. The 

intervention reduced the risk of anemia by 51%, iron 

deficiency anemia by 56%, and iron deficiency by up 

to 92%, indicating that such a fortified beverage 

could serve as an effective and practical preventive 

strategy during pregnancy [6]. This study explored 

how food intake affects hepcidin levels and the risk 

of gestational iron-deficiency anemia (IDA). It found 

that higher consumption of dim sum and dark leafy 

vegetables increased hepcidin levels, while higher 

carbohydrate intake and rice/porridge increased IDA 

risk. Vitamin C intake reduced the risk of IDA 

associated with vegetable consumption [20]. 

 

2. IRON SUPPLEMENTATION STRATEGIES 

2.1 DAILY VS WEEKLY SUPPLEMENTATION: 

Esther Casanueva at.al. (2005) conducted a study to 

compare the effects of daily and weekly iron 

supplementation in non-anemic pregnant women on 

hemoglobin levels, iron status, and pregnancy 

outcomes. Both supplementation methods effectively 

prevented anemia, with daily dosing showing greater 

effectiveness in reducing mild anemia and 

hypoferritinemia. However, the daily regimen was 

associated with a higher incidence of hemo 

concentration, which was linked to an increased risk 

of low birth weight and premature delivery [2]. Eva-

Charlotte Ekström et.al. conducted a study in 

Bangladesh to compare weekly and daily iron 

supplementation during pregnancy, considering 

compliance. Daily supplementation showed a slightly 

greater improvement in hemoglobin levels, though 

most of the effect occurred within the first 20 tablets. 

With high compliance in the weekly group, the 

overall difference was minimal, suggesting that 

current iron dosage recommendations during 

pregnancy may be higher than necessary [3]. This 

study aimed to assess different iron supplementation 

strategies during pregnancy to prevent iron 

deficiency and associated side effects. Daily 

supplementation provides better protection against 

iron depletion, while intermittent supplementation 

offers fewer side effects and better compliance. 

Although no single approach is universally ideal, a 

moderate-dose iron protocol is likely to provide the 

most effective and balanced solution for pregnant 

women [9]. This study sought to assess the impact 

and quality of evidence for daily and intermittent iron 

or iron-folate supplementation on maternal anemia 

during pregnancy, following CHERG guidelines. 

The findings revealed that daily supplementation 

with iron or iron-folate led to a 73% reduction in 

anemia at term, supported by moderate-quality 

evidence. However, the effect on iron deficiency 

anemia was less consistent, and intermittent 

supplementation showed no significant benefit over 

daily regimens [12]. 

 

2.2. DOSAGE AND TIMING CONSIDERATIONS: 

 

This study aimed to assess the effect of a 20 mg/day 

iron supplement on maternal iron deficiency anemia 

(IDA) and iron deficiency (ID) during pregnancy and 

postpartum. Results showed that supplementation 

from 20 weeks of gestation until delivery 

significantly reduced IDA (3% vs. 11%) and ID (35% 

vs. 58%) at delivery, with no significant difference in 

gastrointestinal side effects between the groups. At 6 

months postpartum, the iron deficiency remained 

lower in the supplemented group (16% vs. 29%), 

although IDA rates were similar [7]. This study 

aimed to examine the influence of iron status on iron 

absorption during pregnancy by measuring 

supplemental iron absorption, red blood cell iron 

incorporation, and iron status in pregnant women. 

The results showed that supplementation with 60 mg 

Fe significantly increased serum ferritin, folate, and 

serum iron compared to the control group, while 

serum zinc levels were lower in the supplemented 

groups. Although iron absorption was inversely 

related to maternal serum ferritin, the difference in 

absorption between groups was not significant. These 

findings highlight the importance of prenatal iron 

supplementation for meeting iron requirements 

during pregnancy [8]. The study aimed to assess the 

impact of 100 mg/day iron supplementation during 

pregnancy on zinc absorption and status. It was found 

that zinc absorption increased in late pregnancy, and 

iron supplementation had no adverse effect on zinc 

status [10]. The study aimed to evaluate the effects of 

daily prenatal iron-folate supplementation on 
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maternal and neonatal iron status in rural China. The 

results showed that supplementation improved 

maternal hemoglobin levels and reduced the risk of 

anemia and iron deficiency, but a high proportion of 

both mothers and newborns still had iron deficiency 

at birth [11]. 

 

2.3. SUPPLEMENT FORMS AND 

COMPARATIVE EFFICACY: 

 

This study compared the efficacy and safety of oral 

iron (III) polymaltose complex and ferrous sulfate in 

pregnant women with iron-deficiency anemia. Over 

90 days, both treatments led to similar improvements 

in hemoglobin levels, but the polymaltose group had 

significantly higher ferritin levels and fewer side 

effects. These findings suggest that iron (III) 

polymaltose complex is as effective as ferrous sulfate 

and better tolerated for managing iron-deficiency 

anemia during pregnancy [21]. 

 

3. FACTORS INFLUENCING 

SUPPLEMENTATION   EFFECTIVENESS; 

 

3.1. COMPLIANCE AND ADHERENCE: 

 

A study in Bangladesh compared daily and weekly 

iron supplementation during pregnancy, focusing on 

adherence. Daily intake slightly improved 

hemoglobin levels more than weekly doses, though 

most of the effect appeared within the first 20 tablets. 

With good adherence in the weekly group, the overall 

difference was minor, indicating that current iron 

dosage guidelines might be higher than required [3]. 

The study aimed to examine the factors contributing 

to persistent anemia in pregnant women in 

Chandigarh, India, with a focus on their knowledge, 

practices, and access to IFA tablets. Results showed 

that 65% were anemic, and only 35% received free 

IFA. Despite knowing the importance of green leafy 

vegetables, only 8% consumed them daily. Barriers 

like food insecurity, low decision-making power, and 

IFA stock-outs were significant challenges hindering 

proper nutrition and IFA use [15]. The study aimed 

to assess the impact of using direct observers to 

monitor iron supplementation adherence among 

pregnant women in a rural area of Belgaum, India. 

Results showed that the group with direct observers 

had higher adherence rates and improved hemoglobin 

levels compared to the control group. While no 

significant difference was observed in hemoglobin 

levels during the first two visits, a statistically 

significant difference of 0.57 g/dL was noted in the 

4th visit, highlighting the effectiveness of direct 

observation in improving compliance with iron 

supplementation [17]. 

 

3.2. Healthcare System and Policy Contexts: The 

study aimed to explore the prevalence and 

management of iron deficiency and anemia among 

pregnant women in France. It found that nearly 60% 

of women were at moderate or significant risk of iron 

deficiency, with an overall anemia prevalence of 

15.8%, which increased with pregnancy duration. 

Iron-based medication was prescribed to 57.3% of 

patients. The results indicate that in French clinical 

practice, the risk of iron deficiency and anemia 

during pregnancy aligns with expectations and is 

managed according to national and international 

guidelines [4]. The study aimed to explore the 

prevalence and management of iron deficiency and 

anemia among pregnant women in France. It found 

that nearly 60% of women were at moderate or 

significant risk of iron deficiency, with an overall 

anemia prevalence of 15.8%, which increased as 

pregnancy progressed. Iron-based medications were 

prescribed to 57.3% of patients, aligning with 

national and international guidelines for managing 

these conditions during pregnancy [16]. This update 

by the U.S. Preventive Services Task Force aimed to 

evaluate whether screening and routine iron 

supplementation in pregnant women and adolescents 

improves maternal and infant health outcomes. After 

reviewing available evidence, the USPSTF 

concluded that there is insufficient data to determine 

the balance of benefits and harms for both screening 

and routine iron supplementation in asymptomatic 

pregnant women to prevent adverse health or birth 

outcomes [24]. 

 

3.3. Monitoring and Observation Techniques:  

 

A study in rural Belgaum, India, evaluated the role of 

direct observers in monitoring iron supplement 

adherence during pregnancy. Women under 

observation showed better compliance and higher 

hemoglobin levels than those without supervision. 

Although early visits showed no major differences, a 

notable increase of 0.57 gm% in hemoglobin was 

recorded during the fourth visit, emphasizing the 

benefit of direct monitoring [17]. 

 

4. Nutrient Interactions and Micronutrient Synergy; 
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The study by Soroku Nishiyama (1999) aimed to 

investigate the relationship between zinc (Zn) status, 

zinc supplementation, and their effects on insulin-like 

growth factor-I (IGF-I) and iron deficiency anemia in 

pregnant women. The results showed that combining 

zinc with iron supplementation significantly 

improved hemoglobin levels, red blood cell counts, 

and reticulocyte numbers. Additionally, IGF-I levels 

increased and were positively correlated with 

improvements in hemoglobin and red blood cells. 

The findings suggest that zinc status plays a role in 

hematological abnormalities during pregnancy, with 

Zn-derived IGF-I influencing hematopoiesis [19]. 

The study aimed to assess whether 25(OH) vitamin D 

(colecalciferol) status is linked to ferritin levels and 

anemia during pregnancy. The results showed that 

95.5% of subjects had low colecalciferol, with 75.5% 

being deficient. Although anemia was found in only 

7.5% of subjects, it increased by trimester in 

colecalciferol-deficient women. No significant 

association was found between colecalciferol levels 

and ferritin or anemia, but ferritin and pre-pregnancy 

BMI were correlated with anemia in the first 

trimester, and anemia in the second trimester strongly 

predicted anemia in the third trimester [14]. This 

study analyzed NHANES data (1999–2006) to assess 

supplement use and folate status among 1296 

pregnant women in the U.S. While 77% reported 

taking supplements, mainly folic acid and iron, usage 

was lowest (55–60%) in the first trimester and 

increased in later stages. RBC folate levels were 

higher in supplement users and rose with each 

trimester. Despite folic acid’s importance in early 

pregnancy, its low intake in the first trimester 

highlights a gap in early prenatal care [22]. A  study 

analyzing data from 1296 pregnant women in 

NHANES (1999–2006) assessed folic acid and iron 

supplement use along with RBC folate status. About 

77% reported supplement use, but only 55% did so in 

the first trimester. RBC folate levels were higher in 

supplement users and increased with pregnancy 

progression. The lowest folate levels and supplement 

use were observed in early pregnancy, emphasizing 

the need for improved compliance with folic acid 

recommendations during the first trimester [23]. 

 

5. Special Conditions and Regional Concerns 

5.1. Malaria-Endemic Areas: 

The study assessed the safety and effectiveness of 

iron supplementation during pregnancy in malaria-

endemic regions. It found that iron supplementation 

did not increase the risk of placental malaria or affect 

birth weight. However, it significantly improved 

hemoglobin and serum ferritin levels, reduced 

anemia by 40%, and decreased maternal iron 

deficiency by 52%, along with a 66% reduction in 

iron deficiency anemia [18]. 

 

5.2. Rural and Low-Income Settings: 

 

A study conducted in rural China examined the 

impact of daily prenatal iron-folate supplementation 

on maternal and newborn iron levels. The findings 

revealed improved maternal hemoglobin and reduced 

risk of anemia and iron deficiency; however, a 

significant number of both mothers and infants 

remained iron-deficient at birth [11]. The study 

intended to assess the impact of prenatal nutritional 

assistance on anemia and vitamin A deficiency 

(VAD) by comparing pre-intervention and 

intervention groups. The results showed that the 

intervention significantly reduced anemia and night 

blindness prevalence, with anemia decreasing from 

28.4% to 16.8% and night blindness from 18.7% to 

6.2%, demonstrating a positive effect on maternal 

health [13]. A study in Chandigarh, India, explored 

factors contributing to persistent anemia in pregnant 

women, focusing on knowledge, practices, and 

access to IFA tablets. The results revealed that 65% 

of women were anemic, and only 35% had access to 

free IFA. Despite recognizing the importance of 

green leafy vegetables, only 8% consumed them 

daily. Key challenges included food insecurity, 

limited decision-making power, and frequent IFA 

stock-outs [15]. 

 

6. Novel Approaches and Personalized Prenatal Care; 

 

Iron requirements during pregnancy significantly 

increase, often surpassing what can be obtained from 

diet alone, particularly in the later trimesters. While 

supplementation is effective in controlled 

environments, large-scale success is hindered by poor 

adherence and weak healthcare systems. Although 

innovative delivery methods and preventive 

strategies show promise, long-term food fortification 

remains the most cost-effective and practical 

solution. This article highlights the risks of nutrient 

deficiencies, especially iron, during pregnancy and 

underscores the importance of dietary 

supplementation. Iron deficiency can lead to 

complications like miscarriage and preterm birth. 

Personalized prenatal care, along with prolonged-
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release ferrous sulfate, is recommended for better 

safety and improved adherence [25]. The study by 

Soroku Nishiyama investigated the link between zinc 

(Zn) levels, zinc supplementation, and their impact 

on insulin-like growth factor-I (IGF-I) and iron 

deficiency anemia in pregnant women. The findings 

revealed that zinc supplementation alongside iron 

significantly enhanced hemoglobin levels, red blood 

cell counts, and reticulocyte numbers. Furthermore, 

IGF-I levels increased, showing a positive correlation 

with improvements in hemoglobin and red blood cell 

counts. The results suggest that zinc plays a key role 

in addressing hematological issues during pregnancy, 

with Zn-derived IGF-I contributing to hematopoiesis 

[19]. 

 

CONCLUSION 

 

Anemia during pregnancy remains a significant 

global health concern, with iron deficiency being its 

most common cause. The review highlights that both 

biotechnological advancements, such as the use of 

recombinant erythropoietin (rEPO), and nutritional 

strategies, including iron-rich diets and fortified 

supplements, play vital roles in anemia prevention 

and management. While dietary interventions and 

iron supplementation have shown consistent benefits 

in improving maternal hemoglobin levels and 

reducing anemia-related complications, the use of 

rEPO offers a promising therapeutic option, 

especially in severe or unresponsive cases. However, 

challenges such as compliance, accessibility, and the 

need for personalized approaches still persist. 

Moving forward, integrated strategies combining 

medical innovation with public health nutrition 

policies are essential to effectively address anemia in 

pregnant women and ensure better maternal and fetal 

outcomes. 
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