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                               Abstract 

Inflammation-associated anemia (IAA) is a prevalent and often overlooked condition in pregnancy, arising from a 
complex interplay between inflammatory responses and iron metabolism disruptions. This review explores the 
mechanisms by which pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-
α) inhibit erythropoiesis and alter iron homeostasis, leading to reduced availability of iron for red blood cell 
production. The clinical implications of IAA are significant, as it can contribute to adverse maternal and fetal 
outcomes, including increased risk of preterm birth, low birth weight, and maternal morbidity. Pregnant women with 
underlying inflammatory conditions or nutritional deficiencies are particularly susceptible to developing IAA, 
highlighting the need for comprehensive screening and individualized management strategies. Addressing nutritional 
status and controlling inflammation are critical components of effective care. 
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Introduction 
 
Anemia during pregnancy is a common public 
health concern that affects millions of women 
worldwide. It is defined as a decrease in the 
number of red blood cells or hemoglobin 
concentration below normal levels, leading to 
reduced oxygen-carrying capacity and potential 
adverse health effects for both the mother and the 
developing fetus. While iron deficiency anemia 
(IDA) is the most prevalent form, inflammation-
associated anemia (IAA) has emerged as a 
significant yet often underappreciated contributor 
to anemia in pregnant women. 1-2 Pregnancy 
induces a complex physiological state 
characterized by increased plasma volume, 

heightened metabolic demands, and significant 
changes in iron requirements. As the body adapts 
to support the growing fetus, these factors can 
exacerbate underlying inflammatory conditions or 
lead to new inflammatory responses. 
Inflammatory cytokines, such as interleukin-6 
(IL-6) and tumor necrosis factor-alpha (TNF-α), 
play a key role in regulating hematopoiesis and 
iron metabolism during this period. The elevation 
of these cytokines can result in decreased red 
blood cell production and altered iron distribution, 
leading to the development of IAA.3-4 The 
pathophysiology of IAA involves a disruption of 
the delicate balance between iron homeostasis and 
erythropoiesis. Pro-inflammatory cytokines 
stimulate the production of hepcidin, a hormone 
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that regulates iron absorption and release from 
stores. Elevated hepcidin levels inhibit intestinal 
iron absorption and sequester iron in 
macrophages, creating a functional iron 
deficiency despite normal iron stores. This 
mechanism not only compromises red blood cell 
production but also underscores the complex 
interaction between the immune system and the 
hematopoietic process during pregnancy.5-6 

 

In addition to inflammatory processes, nutritional 
factors significantly influence the development of 
IAA. Pregnant women with inadequate dietary 
intake of essential nutrients, such as iron, vitamin 
B12, and folate, are at an increased risk for 
anemia. This interplay between inflammation and 
nutritional deficiencies complicates the diagnosis 
and management of anemia in pregnancy. 
Therefore, a thorough understanding of these 
contributing factors is essential for developing 
effective screening protocols and targeted 
interventions.7 Clinical implications of IAA 
extend beyond maternal health; they also impact 
fetal development and pregnancy outcomes. 
Anemia in pregnancy is associated with increased 
risks of preterm birth, low birth weight, and 
impaired fetal growth. Furthermore, maternal 
anemia can lead to increased morbidity, including 
fatigue, decreased quality of life, and heightened 
susceptibility to infections. Recognizing the role 
of inflammation in these outcomes is crucial for 
clinicians to provide comprehensive care that 
addresses both the mother's and the fetus's 
needs.8-9 

 

Mechanisms of Inflammation-
Associated Anemia 
 
Inflammation-associated anemia (IAA) during 
pregnancy arises from a complex interplay of 
immunological responses, iron metabolism 
dysregulation, and erythropoiesis impairment. 
Several key mechanisms contribute to the 
development of IAA, highlighting the 
multifactorial nature of this condition.10 

 

1. Cytokine-Mediated Erythropoiesis 
Suppression:  

 

Inflammatory cytokines play a central role in the 
development of IAA. Cytokines such as 
interleukin-6 (IL-6), tumor necrosis factor-alpha 
(TNF-α), and interleukin-1 (IL-1) are released in 
response to inflammation and can inhibit 
erythropoiesis by interfering with erythropoietin 
production and its action on bone marrow 
erythroid progenitors. Elevated levels of IL-6, for 
example, can suppress the secretion of 
erythropoietin (EPO), the hormone responsible 
for stimulating red blood cell production. This 
suppression results in decreased erythrocyte 
formation, contributing to the anemic state.11 

 
2. Alteration of Iron Homeostasis:  
 
Inflammation significantly disrupts iron 
metabolism, which is crucial for effective 
erythropoiesis. During inflammatory responses, 
cytokines stimulate the liver to produce hepcidin, 
a key regulator of iron homeostasis. Increased 
hepcidin levels lead to reduced intestinal 
absorption of iron and sequestration of iron in 
macrophages, preventing its availability for 
hemoglobin synthesis. As a result, even if iron 
stores are adequate, functional iron deficiency can 
occur, impairing the production of red blood cells 
and exacerbating anemia.12 

 
3. Impairment of Bone Marrow Function: 
  
Inflammation can directly affect the bone 
marrow's ability to produce red blood cells. 
Cytokines and inflammatory mediators can alter 
the microenvironment of the bone marrow, 
leading to decreased erythroid progenitor cell 
proliferation and differentiation. Additionally, 
chronic inflammation may lead to a shift in 
hematopoiesis, favoring the production of 
myeloid cells over erythroid cells, further 
contributing to the anemia observed in pregnant 
women.13 

 
4. Nutritional Deficiencies:  
 
Nutritional factors are intricately linked to the 
mechanisms of IAA. Pregnant women are often at 
risk of deficiencies in essential nutrients, 
including iron, vitamin B12, and folate, which are 
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vital for red blood cell production. Inflammation 
can exacerbate these deficiencies by increasing 
metabolic demands and altering nutrient 
absorption and utilization. The combination of 
inflammatory responses and inadequate 
nutritional status creates a compounding effect, 
leading to a more pronounced anemic condition.14 

 
5. Chronic Diseases and Infections:  
 
Underlying chronic diseases or infections can 
predispose pregnant women to IAA. Conditions 
such as autoimmune disorders, chronic kidney 
disease, or infections like malaria and tuberculosis 
are associated with elevated inflammatory 
markers and can contribute to anemia through 
similar mechanisms. The presence of these 
conditions amplifies the inflammatory response, 
leading to further disruptions in erythropoiesis 
and iron metabolism.15 

 
6. Interaction with Other Forms of Anemia:  
 
IAA can coexist with other forms of anemia, such 
as iron deficiency anemia (IDA) and anemia of 
chronic disease (ACD). The overlapping features 
of these conditions can complicate diagnosis and 
treatment. For instance, pregnant women may 
present with both IAA and IDA due to 
simultaneous nutritional deficiencies and 
inflammatory processes. This interplay 
necessitates a comprehensive evaluation to 
identify all contributing factors and tailor 
appropriate interventions.16 

 
Clinical Implications 
 
Inflammation-associated anemia (IAA) during 
pregnancy presents significant clinical 
implications for both maternal and fetal health. 
Understanding these implications is crucial for 
healthcare providers to ensure appropriate 
management strategies are employed to mitigate 
risks associated with this condition.  
 
1. Maternal Health Risks:  
 
IAA can lead to a range of maternal health issues, 
including increased fatigue, reduced exercise 

tolerance, and compromised immune function. 
Anemia can exacerbate pre-existing conditions, 
potentially leading to greater morbidity during 
pregnancy. Pregnant women with IAA may 
experience symptoms such as weakness, 
dizziness, and palpitations, which can 
significantly impact their quality of life. 
Additionally, severe anemia can lead to 
complications such as postpartum hemorrhage, 
increased risk of infection, and longer recovery 
times following delivery.17-18 

 
2. Impact on Fetal Development:  
 
The health of the fetus is closely linked to the 
mother’s hematological status. IAA can have 
adverse effects on fetal development, including 
growth restrictions and low birth weight. Anemia 
in pregnancy has been associated with an 
increased risk of preterm birth and neonatal 
complications, such as respiratory distress 
syndrome and developmental delays. The reduced 
oxygen-carrying capacity associated with IAA 
can hinder placental perfusion and fetal 
oxygenation, potentially leading to long-term 
consequences for the child's health and 
development.19-20 

 
3. Increased Risk of Obstetric Complications:  
 
Pregnant women with IAA are at a higher risk for 
various obstetric complications, including 
preeclampsia and placental abruption. The 
inflammatory milieu associated with IAA may 
contribute to endothelial dysfunction, increasing 
the risk of hypertensive disorders in pregnancy. 
Additionally, women with anemia are more likely 
to experience complications during labor, such as 
increased blood loss and the need for blood 
transfusions, which can further complicate 
maternal and neonatal outcomes.21 

 
4. Challenges in Diagnosis and Management:  
 
Diagnosing IAA can be challenging due to 
overlapping clinical features with other forms of 
anemia, such as iron deficiency anemia (IDA) and 
anemia of chronic disease (ACD). Traditional 
diagnostic approaches that focus solely on 
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hemoglobin levels may not fully capture the 
underlying inflammatory processes. Therefore, 
healthcare providers must adopt a comprehensive 
diagnostic strategy that includes the evaluation of 
inflammatory markers, iron studies, and 
nutritional assessments. This multifaceted 
approach is essential for accurately diagnosing 
IAA and developing appropriate management 
plans.22-23 

 
5. Need for Targeted Interventions:  
 
The management of IAA in pregnant women 
requires a tailored approach that addresses the 
underlying inflammatory processes and 
nutritional deficiencies. Interventions may include 
nutritional supplementation with iron, vitamin 
B12, and folate, alongside treatments to modulate 
inflammation, such as the use of anti-
inflammatory medications when appropriate. 
Additionally, monitoring and managing any 
underlying chronic conditions or infections that 
contribute to inflammation is crucial for effective 
treatment. Personalized care plans that consider 
the individual patient's health status, dietary 
intake, and inflammatory markers can lead to 
improved maternal and fetal outcomes.24-25 

 
6. Public Health Implications:  
 
The prevalence of IAA during pregnancy 
highlights the need for enhanced public health 
strategies aimed at preventing and managing 
anemia in this population. Public health initiatives 
should focus on increasing awareness of IAA 
among healthcare providers and pregnant women, 
promoting routine screening for anemia, and 
ensuring access to nutritional resources. 
Education campaigns that emphasize the 
importance of proper nutrition, regular prenatal 
care, and early detection of inflammatory 
conditions can significantly improve maternal and 
fetal health outcomes. Furthermore, integrating 
screening for IAA into existing maternal health 
programs can facilitate timely interventions and 
reduce the burden of anemia in pregnancy.26 

 
 
 

Conclusion 
 
Inflammation-associated anemia (IAA) during 
pregnancy is a complex and multifaceted 
condition that poses significant challenges for 
both maternal and fetal health. The interplay 
between inflammatory processes, iron 
metabolism, and nutritional status contributes to 
the development of IAA, resulting in various 
clinical implications, including increased 
morbidity for mothers and adverse outcomes for 
infants. Recognizing and addressing the 
mechanisms underlying IAA is essential for 
effective diagnosis and management, allowing 
healthcare providers to tailor interventions that 
meet the unique needs of pregnant women. 
Effective management of IAA requires a 
comprehensive approach that includes routine 
screening for anemia and inflammation, as well as 
targeted nutritional interventions to address 
deficiencies in essential vitamins and minerals. 
Additionally, understanding the broader public 
health implications of IAA is critical for 
developing strategies that promote awareness, 
enhance prenatal care, and ensure access to 
necessary resources. Public health initiatives 
should prioritize education and prevention 
programs that equip pregnant women with 
knowledge about anemia, its risks, and the 
importance of maintaining adequate nutrition. 
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