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ABSTRACT

Anemia is a widespread hematological disorder defined by a reduction in the number of circulating red blood cells (RBCs)
or a decrease in the hemoglobin concentration below established age- and sex-specific thresholds. This condition impairs the
oxygen-carrying capacity of blood, which in turn affects tissue oxygenation and cellular metabolism. Among vulnerable
populations, particularly children under five years of age, anemia represents a significant public health concern with far-
reaching consequences. According to the World Health Organization (WHO), more than 40% of children in this age group
globally are anemic, underscoring the critical scale and urgency of the problem [1].

The etiology of anemia in children is complex and multifactorial. Nutritional deficiencies—most notably of iron, but also of
folate, vitamin B12, and vitamin A—are among the leading causes. However, other contributors include inherited
hemoglobin disorders (hemoglobinopathies), chronic infections (such as malaria and tuberculosis), inflammatory and
autoimmune diseases, and certain genetic or congenital conditions that impair hematopoiesis. Socioeconomic factors such
as poverty, food insecurity, poor access to healthcare, and inadequate maternal education further compound the risk,
particularly in low- and middle-income countries.

The consequences of anemia in children extend beyond hematological parameters. It adversely affects cognitive and motor
development, academic performance, immune function, and overall physical growth. Severe or prolonged anemia during
critical stages of development may lead to irreversible deficits, placing affected children at a disadvantage throughout life.
Moreover, the burden of anemia contributes to increased healthcare utilization, reduced productivity, and higher morbidity
and mortality rates, making it not only a medical concern but also a socioeconomic one.

Given its broad implications, a comprehensive understanding of the epidemiology, etiology, clinical manifestations,
diagnostic approaches, and management strategies of anemia in children is essential for effective intervention. This review
explores these multidimensional aspects of childhood anemia, aiming to inform clinicians, researchers, and public health
practitioners about the key factors driving the condition and the necessary steps for its prevention and treatment. Ultimately,
addressing the burden of anemia requires a concerted global effort focused on improving nutrition, strengthening health
systems, promoting maternal and child health, and reducing inequalities in healthcare access and education.
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1. INTRODUCTION

Anemia, a condition marked by a reduction in the number of red blood cells (RBCs) or a diminished concentration of
hemoglobin, represents one of the most widespread and persistent global health challenges, especially in low- and middle-
income countries. Among vulnerable groups, children under the age of five are particularly affected, making pediatric anemia
a major public health concern. According to the World Health Organization (WHO), more than 40% of children under five
worldwide are anemic, with the highest prevalence rates recorded in sub-Saharan Africa, South Asia, and parts of Latin
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America. The implications of anemia in early childhood are far-reaching and profound, with negative impacts on cognitive
development, physical growth, immune function, and school performance. These outcomes not only compromise individual
health and potential but also perpetuate cycles of poverty and inequality at the community and national levels.

The burden of anemia in children is rooted in a complex interplay of factors, ranging from nutritional deficiencies and
infectious diseases to genetic disorders and chronic conditions. Iron deficiency remains the most common cause, often due
to inadequate dietary intake, poor absorption, or increased iron requirements during periods of rapid growth. However,
anemia in children is not solely attributed to iron deficiency; other micronutrient deficiencies—such as folate, vitamin B12,
and vitamin A—can also contribute to hematological impairments. Beyond nutrition, the role of infections, such as malaria,
helminthiasis, and chronic inflammatory diseases, cannot be overlooked, especially in endemic regions. Furthermore,
hereditary conditions like sickle cell disease, thalassemia, and other hemoglobinopathies significantly contribute to the
overall prevalence of pediatric anemia, particularly in specific geographic populations.

Understanding anemia in children thus necessitates a multidimensional perspective that encompasses biological,
environmental, social, and economic factors. For example, in impoverished settings, limited access to diverse food sources,
poor sanitation, and inadequate healthcare infrastructure exacerbate the risk and severity of anemia. In contrast, in more
developed contexts, underlying chronic diseases, low birth weight, and inherited blood disorders often play a larger role.
These variations in etiology underscore the importance of region-specific data and tailored interventions that address the root
causes of anemia within specific populations.

Clinically, anemia in children may present with a wide range of symptoms, from subtle signs such as fatigue, irritability, and
pallor to more severe manifestations including tachycardia, developmental delays, and impaired learning. In many cases,
mild to moderate anemia may go unnoticed due to its non-specific presentation, leading to delayed diagnosis and intervention.
The chronic nature of anemia and its ability to silently impair multiple physiological systems make early detection and
effective management crucial for improving health outcomes. Diagnosis typically involves laboratory testing, including
complete blood count (CBC), reticulocyte count, serum ferritin, and peripheral blood smear analysis. However, in low-
resource settings, access to diagnostic tools may be limited, underscoring the need for simplified screening strategies and
community-based health initiatives.

Management of pediatric anemia requires a comprehensive approach that targets both the underlying cause and the resultant
physiological deficits. Nutritional interventions, particularly iron supplementation and food fortification, have shown
significant success in reducing anemia prevalence when properly implemented. In regions where parasitic infections are
prevalent, deworming programs and malaria prevention measures are critical components of anemia control. For children
with genetic forms of anemia, early diagnosis and supportive care, including transfusions, hydroxyurea therapy, and genetic
counseling, are essential. Equally important are public health strategies that strengthen healthcare systems, enhance maternal
and child health services, and promote health education at the community level.

Efforts to address pediatric anemia must also recognize the broader socio-economic and political contexts in which the
condition arises. Factors such as poverty, food insecurity, limited education, and gender inequality contribute to the
persistence of anemia across generations. Investing in early childhood health, particularly by addressing anemia, can yield
long-term benefits in human capital development, economic productivity, and social well-being. International initiatives,
including those led by the WHO, UNICEF, and national governments, have made notable strides in combatting anemia, yet
much work remains to be done to achieve sustainable progress and equity in child health.

This review article aims to explore the multifaceted dimensions of anemia in children by examining its epidemiology,
etiology, clinical features, diagnostic challenges, and current management strategies. Through an integrative understanding
of the causes and consequences of pediatric anemia, this review seeks to highlight the urgency of targeted interventions and
evidence-based policies that can effectively reduce the burden of this preventable condition. Ultimately, addressing anemia
in children is not only a medical imperative but also a moral and developmental priority that can significantly improve the
lives of millions of children worldwide.

2. PREVALENCE OF ANEMIA IN CHILDREN

Anemia is a common health complication with varying prevalence throughout the world due to regions and socioeconomic
factors. The World Health Organization claims nearly 58.4 million children under five years of age suffer from anemia across
the globe. For instance, one study conducted in India revealed that 58.6% of children ranging from 6 to 59 months old
suffered from anemia. Similarly, one systematic review and meta-analysis provided evidence for the prevalence of anemia
in children under five years of age in Africa, which is at 47.5% south of the Sahara.

Anemia impacts various dimensions of children’s health and development, including:

* Cognitive Development: A leading cause of anemia is iron deficiency which, in many cases, disrupts cognitive ability with
adverse effects on learning, memory, and concentration[4].

* Physical Growth: Anemia tends to slow down growth and physical development, resulting in under-growth and delay in
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attaining motor skills.[5].

» Immune Response: Anemia tends to weaken the immune system, causing children to be more prone to infections, as well
as worsening the illness.[6]

* School Performance: Anemia is known to affect the performance in class with negative academic achievement and increase
the rate of school dropout.[7]

3. GRASPING THE FUNDAMENTALS

Disks enriched with hemoglobin, known as red blood cells or RBCs, aid in the transportation of oxygen in our bodies. RBCs
hold on to oxygen from lungs and carry it to be utilized by organs and tissues in the body. A reduction in self-sufficient and
healthy RBCs negatively impacts the body’s ability to produce sufficient amount of hemoglobin and leads to anemia.
Symptoms of anemia can aggravate into more severe conditions such as weariness, feeling weak, having difficulty in
breathing, and paleness of skin. (8)

4. THE DEVELOPMENT OF ANEMIA: A MULTIDIMENSIONAL APPROACH

Anemia arises through various interlinked mechanisms, and understanding its development requires a holistic view of these
contributing factors. These mechanisms fall into three major categories: impaired red blood cell (RBC) production, increased
destruction of RBCs, and blood loss.

Impaired red blood cell production is commonly associated with nutritional deficiencies, particularly iron, vitamin B12, and
folate. Iron is essential for hemoglobin synthesis, and deficiencies typically arise due to inadequate intake, poor absorption,
or increased physiological demands such as during infancy, adolescence, or pregnancy. Vitamin B12 and folate are critical
for DNA synthesis and the maturation of red blood cells. Their deficiency can result in megaloblastic anemia, a condition
characterized by the presence of large, immature, and dysfunctional RBCs. Beyond nutrient deficiencies, certain bone
marrow disorders, including aplastic anemia and leukemia, can significantly impair the body's ability to produce sufficient
RBCs. Chronic diseases such as kidney disorders, autoimmune conditions, and endocrine dysfunctions may also suppress
bone marrow activity or interfere with erythropoietin production, leading to what is termed anemia of chronic disease.

The second pathway to anemia involves increased destruction of red blood cells. Hemolytic anemias, whether hereditary—
such as sickle cell disease and thalassemia—or acquired through autoimmune processes or drug-induced hemolysis, result
in a shortened lifespan of RBCs. In these cases, the body cannot produce new cells fast enough to compensate for the loss,
leading to a net reduction in circulating red blood cells.

Blood loss, both acute and chronic, is another significant contributor to anemia. Acute hemorrhage from trauma or surgical
procedures can lead to sudden, severe anemia. Chronic blood loss, on the other hand, is often more insidious and may result
from gastrointestinal bleeding (due to ulcers, parasitic infections, or inflammatory bowel disease) or heavy menstrual
bleeding. Over time, such persistent blood loss can deplete the body's iron stores, leading to iron deficiency anemia.

In pediatric populations, anemia is influenced by a combination of nutritional, genetic, infectious, and chronic disease-related
factors. Iron deficiency remains the most prevalent cause of anemia in children worldwide. This is largely due to rapid growth
during early childhood and adolescence, which increases the body's demand for iron. Inadequate intake of iron-rich foods—
such as red meat, legumes, and fortified cereals—further exacerbates this issue. Children who consume a diet low in other
micronutrients, including vitamin B12 and folic acid, are also at risk. Malabsorption syndromes like celiac disease and
Crohn’s disease can hinder the absorption of these vital nutrients.

Genetic conditions, including sickle cell anemia, thalassemia, and hereditary spherocytosis, significantly impact the quantity
and quality of RBCs. These disorders often result in chronic anemia and require ongoing management through medication,
transfusions, or bone marrow transplants. Infections such as malaria, HIV, and tuberculosis can directly or indirectly suppress
red cell production through inflammation or by affecting the bone marrow’s functionality.

Myelodysplastic syndromes and malignancies such as leukemia also impair RBC production and are critical considerations
in pediatric anemia, although they are less common. These conditions typically present with other systemic symptoms and
require specialized medical intervention.

The management and prevention of anemia, especially in children, require a multifaceted approach. Nutritional strategies
play a foundational role—consuming both heme iron (from animal sources) and non-heme iron (from plant-based sources)
is essential. Vitamin C enhances the absorption of non-heme iron, making foods like citrus fruits, tomatoes, and bell peppers
valuable dietary additions. Fortified foods such as cereals and bread, along with iron supplements when necessary, help
restore depleted iron levels.

Raising awareness in communities about the importance of a balanced diet and routine health screenings is crucial. In cases
of anemia stemming from chronic illnesses, managing the underlying condition is key. Regular monitoring through blood
tests allows for early detection and prompt intervention, which is especially important in children to prevent long-term
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developmental consequences.

Ultimately, addressing anemia through improved nutrition, education, healthcare access, and early medical intervention can
significantly enhance overall health outcomes and quality of life, particularly in vulnerable pediatric populations.

Table 1: Mechanisms by which vitamin deficiencies can play roles in the development of anaemia

Vitamin deficiency Possible role in anaemia through:

Vitamin A Mobilization affected by iron storage
Impaired erythropoiesis, Increased susceptibility to
infection

Folic acid Impaired DNA synthesis, leading to ineffective

erythropoiesis

Vitamin B12 Impaired metabolism of folate, leading to
ineffective erythropoiesis

Riboflavin Impaired iron mobilization, globin production, leading
to impaired erythropoiesis

Reduced intestinal absorptive capacity

Vitamin C Reduced absorption, mobilization of iron from stores,
Impaired folate metabolism

Oxidant damage to erythrocytes, leading to
Haemolysis, Capillary haemorrhaging, leading to blood

loss

Vitamin E Oxidant damage to erythrocytes, leading to
haemolysis

Vitamin B6 Impaired haem synthesis, leading to impaired

erythropoiesis

5. LATEST ADVANCEMENTS

Anemia Phone, a technological innovation created by a diverse team of researchers at Cornell University, is designed to
provide a precise, rapid, and cost-effective assessment of iron deficiency. This technology has been officially handed over
to the Indian Council of Medical Research, a governmental body in India, for incorporation into its initiatives aimed at
addressing anemia, as well as promoting women's health and maternal and child health across the nation. The implementation
of Anemia Phone will facilitate swift screening and diagnosis of iron deficiency at the point of care throughout India. Iron
deficiency is the primary contributor to anemia, a medical condition characterized by an insufficient number of healthy red
blood cells to transport oxygen effectively, impacting one in four individuals. This technology was developed and validated
in the laboratories of the Joan Klein Jacobs Center for Precision Nutrition and Health within the College of Human Ecology.
The formal transfer of this technology to India occurred at no financial cost on November 7 2024,

Iron deficiency accounts for only 10-40% of all cases of anemia in India, while other factors such as deficiencies in
micronutrients, hemoglobinopathies, anemia related to chronic illnesses, and anemia of unknown origin make up the
remainder. Consequently, according to current guidelines, 60-90% of individuals with anemia may be subjected to
unnecessary iron supplementation. This not only leaves the underlying causes of their anemia unaddressed but also subjects
them to the adverse effects of oral iron therapy, which can include distressing gastrointestinal issues and alterations in gut
microbiota, potentially leading to compromised gut immunity and recurrent diarrhea. Furthermore, the guidelines suggest
that iron tablets should be taken after meals, a recommendation that is misguided.
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