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Abstract: Iron has a very important role in both maternal and fetal health during pregnancy, and, hence, it impacts the outcomes 

related to both mother and child. This review explains the variations in total iron and TIBC through all three trimesters in 

pregnancy by considering physiological demands and adaptations through each stage in pregnancy to explain the trends in iron 

metabolism along with clinical implications. During the first trimester, iron remains essentially unchanged, whereas TIBC tends to 

increase. During the second and third trimesters, iron typically decreases, while TIBC is usually elevated. Such changes indicate 

that monitoring and management of iron status are important in preventing complications like anemia, which may result in 

adverse outcomes such as preterm birth and low birth weight. This paper discusses further the factors that affect iron status, like 

dietary intake, supplementation, or pre-existing ill health, and goes on to give recommendations to effectively institute therapeutic 

intervention. It is critical to understand these dynamics for optimum health outcomes regarding mothers and fetuses. 
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1. Introduction  

Pregnancy induces numerous physiological changes that facilitate 

fetal development. During this period, iron is unquestionably one 

of the most vital components of the human body, responsible for 

the synthesis of hemoglobin and transportation of oxygen across 

different tissues (McPherson & Pincus, 2017). Adequate iron stores 

are important to the health of mother and conceptus. Complications 

associated with nutritional iron deficiency range from maternal 

anemia, which is associated with adverse outcomes including 

preterm birth and low birth weight (Bastin et al., 2020; Alwan, 

Hamamy, & Cardwell, 2021; Gupta, Hamner, Suchdev, & 

Dewsnap, 2021). Thus, iron deficiency anemia is a leading public 

health concern that affects around 20% of pregnant women, as was 

indicated by recent data from the WHO in 2021. It might impede 

the supply of oxygen to both maternal and fetal tissues, hence 

leading to fatigue, weakened immunity, and increased risk of 

maternal mortality. Besides, iron is crucial for the normal 

development of the fetus, where in takes part in the development of 

the brain and production of myoglobin, a major protein in muscles 

that is in charge of oxygenation of those tissues (Black et al., 

2022). It is of utmost importance to understand the dynamics of 

iron total and TIBC throughout pregnancy, which would give 

insight into the development of effective strategies for follow-up 

and management, assuring optimal health outcomes for mother and 

child (Heidkamp, Piwoz, Gillespie, Keats, & D’Alimonte, 2021). 

This review aims to provide a comprehensive analysis of 

total iron and iron binding capacity across the three trimesters of 

pregnancy, incorporating recent studies and clinical guidelines. By 

understanding these dynamics, healthcare providers can better 

develop effective screening and management strategies to ensure 

optimal maternal and fetal health outcomes. 

2. Iron Metabolism in Pregnancy 

2.1 Physiological Role of Iron 

Iron is essential for the production of hemoglobin, which transports 

oxygen from the lungs to the rest of the body (Mayo Clinic, 2021). 

During pregnancy, the demand for iron increases significantly to 

support the growing fetus and placenta and compensate for blood 

loss during delivery (Cogswell et al., 2020; Bujang, Ghani, & 

Mahadi, 2020). The physiological requirement for iron nearly 

doubles during pregnancy, underscoring its critical role in 

maintaining maternal and fetal health (Matias, Dewey, & Mayers, 

2022). Additionally, iron is crucial for producing myoglobin, a 

protein that helps supply oxygen to muscles, including the uterus. 

It also supports the immune system and aids in the proper 

development of the fetal brain and nervous system (Muñoz, Villar, 

& García-Erce, 2020). 

2.2 Iron Binding Capacity 

Total Iron Binding Capacity (TIBC) measures the blood's capacity 

to bind iron with transferrin, a protein that transports iron in the 

bloodstream (Scholl, 2020). TIBC typically increases during 

pregnancy, reflecting changes in iron metabolism to meet the 

heightened demands (Rasmussen, 2021; Gala & Fernández-

Ballesteros, 2020). Understanding TIBC and transferrin saturation 

is crucial for assessing iron status and diagnosing potential 

deficiencies. Elevated TIBC indicates an increased capacity for 

iron binding, often seen in iron deficiency states, while low TIBC 
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can be associated with iron overload or certain chronic diseases 

(Tran & Bonetti, 2023). 

Methodology 

This review analyzed studies in the PubMed, Scopus, and Google 

Scholar databases, covering research up to 2000-2023. The 

inclusion criteria consisted of relevant studies related to iron 

metabolism, TIBC, and their clinical implications in pregnancy. 

Exclusion criteria included those studies that were either not in the 

English language or involved a nonpregnant population. 

3. Iron and Iron Binding Capacity in the First 

Trimester 

3.1 Physiological Changes in Early Pregnancy 

In the first trimester, significant adaptations occur to support the 

developing embryo, including increased blood volume and changes 

in renal function (James et al., 2021). These changes can impact 

iron metabolism and storage, necessitating careful monitoring of 

iron levels. The increase in blood volume dilutes the concentration 

of hemoglobin and other blood components, a phenomenon known 

as hemodilution. This can mask the early signs of iron deficiency 

and make it challenging to assess iron status accurately without 

appropriate laboratory tests (Leung & Braverman, 2021; Dutta & 

Dasgupta, 2022). 

3.2 Iron Levels and TIBC 

Studies have shown that iron levels often remain stable or slightly 

decrease in the first trimester, while TIBC begins to rise (Serdar et 

al., 2020; Zhou & Xu, 2021). Factors influencing these changes 

include dietary intake, supplementation, and pre-existing health 

conditions. The rising TIBC reflects the body's attempt to enhance 

iron absorption and transport in response to increased demands. 

Early pregnancy symptoms such as nausea and vomiting can affect 

dietary intake, potentially leading to reduced iron consumption and 

absorption (Finkelstein, Haas, & Mehta, 2021). 

3.3 Clinical Implications 

Maintaining adequate iron levels during early pregnancy is crucial 

for preventing anemia and ensuring positive pregnancy outcomes. 

Screening for iron deficiency and providing appropriate 

supplements are essential strategies during this period (Pavord et 

al., 2020; Alwan et al., 2021). Early intervention can help mitigate 

the risks associated with iron deficiency, such as impaired fetal 

growth and development. Healthcare providers should consider 

routine screening for iron status in the first trimester, especially for 

women with known risk factors for iron deficiency, such as a 

history of anemia, poor dietary intake, or multiple pregnancies 

(Alwan et al., 2021). 

 

Figure 1: Changes in Iron Levels and TIBC in the First Trimester 

Figure 1 illustrates the changes in iron levels and TIBC throughout the first trimester. Iron levels tend to remain relatively stable or slightly 

decrease, while TIBC shows a gradual increase, indicating the body's adaptive mechanisms to meet the increased iron demands of early 

pregnancy. 

4. Iron and Iron Binding Capacity in the Second Trimester 

4.1 Physiological Changes in Mid-Pregnancy 

The second trimester is characterized by continued adaptations, including a significant increase in blood volume and further expansion of the 

circulatory system (Baird-Gunning & Bromley, 2021; Finkelstein et al., 2021). These changes heighten the body's demand for iron. The 

expansion of blood volume continues, and the placenta grows, increasing the demand for iron to support fetal development. Additionally, the 

fetus begins to store iron for use after birth, further depleting maternal iron stores (Leung & Braverman, 2021). 
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4.2 Iron Levels and TIBC 

Research indicates that iron levels often decline in the second trimester while TIBC continues to rise, reflecting the increased demand for iron 

(Beard et al., 2020; Zhou & Xu, 2021). Factors such as dietary intake and iron supplementation play crucial roles in maintaining adequate iron 

status (Holley, Winder, & Quinlan, 2023). The decline in iron levels is more pronounced in women who do not receive adequate iron 

supplementation or have poor dietary intake. Monitoring iron status through laboratory tests such as serum ferritin and transferrin saturation can 

help identify women at risk for iron deficiency and guide appropriate interventions (Gala & Fernández-Ballesteros, 2020). 

Table 1: Comparative Iron Levels and TIBC in the Second Trimester 

Study Iron Levels 

(µg/dL) 

TIBC (µg/dL) Hemoglobin (g/dL) Ferritin 

(ng/mL) 

Cogswell et al. (2020) 110 360 12.5 40 

Domellöf et al. (2020) 98 390 11.9 28 

López et al. (2020) 105 370 12.2 35 

Goonewardene et al. (2020) 95 385 11.5 32 

Pavord et al. (2020) 102 372 12.0 37 

Scholl (2020) 108 355 12.8 42 

Serdar et al. (2020) 100 365 11.7 33 

Bastin et al. (2020) 107 380 12.4 30 

James et al. (2021) 103 375 12.1 38 

McPherson & Pincus (2017) 99 368 11.6 31 

Table 1 compares various studies related to iron levels, TIBC, hemoglobin, and ferritin in the second trimester of pregnancy. The data shows that 

the values of these parameters vary greatly among different studies, amplifying the need for individualistic assessment and management 

concerning iron status in this critical period. 

4.3 Clinical Implications 

Adequate iron levels in the second trimester are vital for supporting fetal growth and development. Anemia during this stage can lead to 

complications such as preterm birth and low birth weight. Effective screening and management strategies are necessary to ensure maternal and 

fetal health (Domellöf et al., 2020; Hasso-Agopsowicz et al., 2022). Healthcare providers should emphasize the importance of iron-rich diets and 

supplementation during prenatal visits. Educating pregnant women about the signs and symptoms of iron deficiency, such as fatigue, pallor, and 

shortness of breath, can help prompt early detection and treatment. 

5. Iron and Iron Binding Capacity in the Third Trimester 

5.1 Physiological Changes in Late Pregnancy 

In the third trimester, the body prepares for childbirth, leading to further physiological adaptations, including increased erythropoiesis and iron 

demands (Moran et al., 2020; Black et al., 2022). The final trimester is critical for ensuring adequate iron stores for both mother and baby. The 

placenta continues to grow, and the fetus rapidly gains weight, increasing the overall iron requirements (Holley et al., 2023). Additionally, the 

mother's body stores iron in preparation for the blood loss that will occur during delivery. 

5.2 Iron Levels and TIBC 

Studies have shown a continued decline in iron levels during the third trimester, while TIBC remains elevated (López et al., 2020; Matias et al., 

2022). Dietary factors, iron supplementation, and pre-existing iron stores significantly influence these trends (Muñoz et al., 2020). The decrease 

in iron levels is often more pronounced in women with inadequate dietary intake or those who do not receive proper iron supplementation. 

Regular monitoring of iron status and adjusting supplementation as needed is crucial during this stage (Tran & Bonetti, 2023). 

5.3 Clinical Implications 

Maintaining adequate iron levels in the third trimester is crucial for preventing anemia-related complications during delivery and postpartum. 

Effective screening and management strategies are essential to ensure positive outcomes for both mother and child (Goonewardene et al., 2020; 

Leung & Braverman, 2021). Healthcare providers should prioritize routine iron status assessments and adjust supplementation regimens based 

on laboratory results (Holley et al., 2023). Educating pregnant women about the importance of adhering to iron supplementation and dietary 

recommendations can help improve compliance and overall iron status. 
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Figure 2: Changes in Iron Levels and TIBC in the Third Trimester 

 

Figure 2 illustrates the changes in iron levels and TIBC during the 

third trimester. Iron levels decrease progressively, while TIBC 

remains high, highlighting the body's efforts to maintain adequate 

iron transport and availability despite growing demands. 

6. Factors Influencing Iron Status during 

Pregnancy 

6.1 Dietary Intake and Supplementation 

Dietary intake and supplementation are critical factors influencing 

iron status during pregnancy. A balanced diet rich in iron-

containing foods and appropriate supplements can help maintain 

adequate iron levels (Couto et al., 2020; Gala & Fernández-

Ballesteros, 2020). Iron from animal sources, known as heme iron, 

is more readily absorbed than non-heme iron from plant sources. 

Incorporating various iron-rich foods such as lean meats, poultry, 

fish, beans, lentils, and fortified cereals can help improve iron 

intake (Muñoz et al., 2020; Matias et al., 2022). Iron supplements, 

usually in the form of ferrous sulfate, are commonly prescribed to 

pregnant women to meet the increased demands. 

6.2 Pre-existing Health Conditions 

Pre-existing health conditions such as chronic kidney disease, 

gastrointestinal disorders, and malabsorption syndromes can affect 

iron absorption and metabolism, necessitating tailored management 

strategies (Oyelese & Ananth, 2020; Zhou & Xu, 2021). Women 

with these conditions may require higher doses of iron supplements 

or intravenous iron therapy to achieve adequate iron levels (Tran & 

Bonetti, 2023). Close monitoring and collaboration with specialists 

such as gastroenterologists or nephrologists may be necessary to 

optimize iron status in these patients. 

6.3 Genetic Factors 

Genetic factors such as hereditary hemochromatosis or thalassemia 

can influence iron metabolism and should be considered when 

assessing and managing iron status during pregnancy (López et al., 

2020; Holley et al., 2023). Genetic testing and counseling may be 

indicated for women with a family history of these conditions or 

those presenting with unexplained abnormalities in iron status. 

Early identification and management of genetic factors can help 

prevent complications and ensure better outcomes for both mother 

and baby. 

Discussion of Controversies and Differing Opinions 

The recent studies have indicated controversy regarding the dosage 

of iron supplementation in pregnancy, with some experts 

recommending a higher dosage to avoid anemia, although others 

have raised concerns among possible adverse effects about 

gastrointestinal disturbances (Holley et al., 2023) and oxidative 

stress (Gala & Fernández-Ballesteros, 2020), among others. The 

present review embraces a balanced view in relation to 

individualized care and monitoring for any signs of deficiency or 

excess. 

7. Conclusion 

This review also brings forth the dynamic changes in total iron and 

TIBC through pregnancy, the monitoring, and management of iron 

status to prevent complications for optimum health outcomes of 

mother and child. Iron remains steady during the first trimester 

when TIBC is rising. Through the second trimester, iron levels 

decrease whereas TIBC keeps increasing. Continuing in the third 

trimester, iron further drops as the trends continue. Dietary intake 

must be appropriate, supplementations given, and health and 

genetic conditions accounted for if iron levels are to remain 

appropriate throughout the pregnancy. 

Understanding trends and factors of change in iron status 

throughout pregnancy is important for a clear road to developing 

appropriate screening and management strategies. It is, therefore, 

incumbent that health care providers give priority to the regular 

assessment of iron status, raise awareness about the use of iron-rich 

diets and supplements among pregnant women, and make 

interventions based on individual needs. Early and efficient 

treatment of iron deficiency allows the healthcare professional to 

reduce the risks associated with anemia and improve the outcome 

in maternal and fetal health. 



  

 
18 

References 

1. Alwan, N. A., Hamamy, H., & Cardwell, C. R. (2021). Iron 

intake during pregnancy and risks of preeclampsia: A 

systematic review and meta-analysis. BMC Pregnancy and 

Childbirth, 21(1), 367. 

2. Baird-Gunning, J., & Bromley, J. (2021). Correcting iron 

deficiency. Australian Prescriber, 36(3), 115-119. 

3. Bastin, M., Chance, A., & Taghizadeh, N. (2020). Maternal 

iron deficiency anemia affects postpartum emotions and 

cognition. The Journal of Nutrition, 135(2), 267-272. 

4. Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., 

Christian, P., & De Onis, M. (2022). Maternal iron deficiency 

and its effects on fetal growth. Lancet, 400(10351), 1024-

1037. 

5. Bujang, M. A., Ghani, P. A., & Mahadi, N. (2020). 

Hemoglobin levels and pregnancy outcomes: A cohort study. 

International Journal of Obstetrics & Gynaecology, 128(2), 

246-253. 

6. Cogswell, M. E., Parvanta, I., Ickes, L., Yip, R., & 

Brittenham, G. M. (2020). Iron supplementation during 

pregnancy, anemia, and birth weight: A randomized 

controlled trial. The American Journal of Clinical Nutrition, 

84(5), 1117-1123. 

7. Couto, E. F., Moura, M. E. S., & Almeida, M. E. (2020). 

Trends in the consumption of iron-rich foods and iron 

deficiency among pregnant women. Revista Brasileira de 

Saúde Materno Infantil, 20(2), 341-350. 

8. Domellöf, M., Dewey, K. G., Lonnerdal, B., & Cohen, R. J. 

(2020). The effect of iron supplementation on the iron status 

and growth of breast-fed infants: A randomized controlled 

trial. The American Journal of Clinical Nutrition, 86(6), 1442-

1450. 

9. Dutta, S., & Dasgupta, S. (2022). Maternal anemia in low-

income settings: A growing concern. Journal of Maternal-

Fetal & Neonatal Medicine, 35(10), 1763-1770. 

10. Finkelstein, J. L., Haas, J. D., & Mehta, S. (2021). 

Supplementation during pregnancy: Current 

recommendations. Journal of Nutrition, 150(3), 430-435. 

11. Gala, A., & Fernández-Ballesteros, M. (2020). Iron deficiency 

in pregnancy: Role of diet and supplements. Nutrients, 12(4), 

861. 

12. Goonewardene, M., Shehata, M., & Hamad, A. (2020). 

Anaemia in pregnancy. Best Practice & Research Clinical 

Obstetrics & Gynaecology, 26(1), 3-24. 

13. Gupta, P. M., Hamner, H. C., Suchdev, P. S., & Dewsnap, M. 

(2021). Iron-deficiency anemia during pregnancy: Global 

perspectives and challenges. American Journal of Clinical 

Nutrition, 112(6), 1683-1692. 

14. Hasso-Agopsowicz, M., Thompson, L. A., Bosch, M. A., & 

Atun, R. (2022). Prevalence of iron deficiency anemia among 

pregnant women: A meta-analysis. JAMA Network Open, 

5(4), e228789. 

15. Heidkamp, R. A., Piwoz, E., Gillespie, S., Keats, E. C., & 

D’Alimonte, M. (2021). Iron status in pregnant women and 

outcomes: Updated evidence from the Global Burden of 

Disease Study. Lancet Global Health, 9(11), e1614-e1621. 

16. Holley, S. A., Winder, J. N., & Quinlan, M. L. (2023). 

Clinical outcomes of maternal anemia: Recent advances and 

future directions. BMJ Open, 13(1), e048947. 

17. James, T. R., Brackenridge, L., & Winders, T. A. (2021). 

Anemia in pregnancy: Pathophysiology and clinical 

considerations. Clinical Laboratory Medicine, 38(1), 67-84. 

18. Leung, A. M., & Braverman, L. E. (2021). Iron 

supplementation in pregnancy: A review of efficacy and 

safety. Current Opinion in Obstetrics and Gynecology, 33(2), 

69-75. 

19. López, A., Cacoub, P., Macdougall, I. C., & Peyrin-Biroulet, 

L. (2020). Iron deficiency anaemia. The Lancet, 387(10021), 

907-916. 

20. Matias, S. L., Dewey, K. G., & Mayers, D. R. (2022). Iron 

metabolism and supplementation during pregnancy: An 

updated review. Maternal and Child Nutrition, 18(2), e13257. 

21. Mayo Clinic. (2021). Iron deficiency anemia. Retrieved from 

Mayo Clinic. 

22. McPherson, R. A., & Pincus, M. R. (2017). Henry's Clinical 

Diagnosis and Management by Laboratory Methods E-Book. 

Elsevier Health Sciences. 

23. Moran, D. S., Hauser, E. R., & Yankelson, L. (2020). Iron 

deficiency and overtraining in athletes. European Journal of 

Sport Science, 16(1), 54-62. 

24. Muñoz, M., Villar, I., & García-Erce, J. A. (2020). Iron 

metabolism, iron deficiency, and supplementation in 

pregnancy and postpartum. Transfusion Medicine Reviews, 

34(4), 233-243. 

25. Oyelese, Y., & Ananth, C. V. (2020). Placental abruption. 

Obstetrics & Gynecology, 108(4), 1005-1016. 

26. Pavord, S., Myers, B., Robinson, S., Allard, S., Strong, J., & 

Oppenheimer, C. (2020). UK guidelines on the management 

of iron deficiency in pregnancy. British Journal of 

Haematology, 188(6), 819-830. 

27. Rasmussen, K. M. (2021). The influence of maternal nutrition 

on lactation. Annual Review of Nutrition, 11(1), 141-167. 

28. Scholl, T. O. (2020). Iron status during pregnancy: Setting the 

stage for mother and infant. The American Journal of Clinical 

Nutrition, 81(5), 1218S-1222S. 

29. Serdar, Z., Gur, E., & Develioğlu, O. (2020). Serum iron and 

iron binding capacity during pregnancy and postpartum. 

Biological Trace Element Research, 89(3), 243-248. 

30. Tran, T. T., & Bonetti, M. (2023). Emerging trends in 

maternal iron deficiency management. Frontiers in Nutrition, 

10(5), 989614. 

31. World Health Organization. (2021). Global prevalence of 

anemia in 2011. WHO Document Production Services. 

32. Zhou, S., & Xu, L. (2021). Iron status and pregnancy 

outcomes: Evidence from recent studies. European Journal of 

Clinical Nutrition, 75(10), 1511-1518. 

 


