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Abstract

Severe anemia is a complex hematological condition characterized by
markedly reduced hemoglobin concentration or red blood cell count, leading to
decreased oxygen delivery to tissues. As a major global health concern, severe
anemia significantly increases the risk of morbidity and mortality, particularly
among vulnerable populations such as pregnant women, children, and individuals
with chronic diseases. This article analyzes the etiology, pathophysiological
mechanisms, clinical manifestations, diagnostic approaches, treatment strategies,
and public health implications of severe anemia. The review highlights the multi-
factorial nature of the disease and underscores the importance of integrated
prevention, early diagnosis, and appropriate therapeutic interventions to reduce its
global burden.
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Introduction

Anemia represents one of the most widespread hematological disorders
globally, with the World Health Organization (WHO) estimating that
approximately one-third of the world’s population is affected to varying degrees.
Severe anemia, as the most advanced stage of the condition, poses significant
clinical and public health challenges. Defined by substantially reduced hemoglobin
levels that compromise oxygen delivery and cellular metabolism, severe anemia is

associated with systemic physiological dysfunction, reduced productivity,
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increased maternal and perinatal complications, and elevated “mortality in both
children and adults.

The global prevalence of severe anemia is influenced by socio-economic,
environmental, nutritional, and pathological factors. Sub-Saharan Africa and Soﬁth
Asia record notably high burdens due to nutritional deficiencies, parasiti(:-\”'
infections, hemoglobinopathies, and limited access to healthcare. In industrializ.ed
regions, severe anemia is more frequently related to chronic diseases, inherited
blood disorders, and malignancies. These regional differences underscore the
multi-dimensional nature of severe anemia and the necessity of contextualized
health policies and targeted interventions.

The increasing attention to severe anemia in recent decades is linked to its
direct impact on developmental outcomes, cognitive performance, maternal health,
and workforce productivity. As such, comprehensive scientific understanding of
severe anemia is essential for clinicians, researchers, policymakers, and global
health programs.

Etiology of Severe Anemia

The etiology of severe anemia is multi-factorial and can be classified into
nutritional, genetic, pathological, and environmental categories. Understanding
these determinants is crucial for accurate diagnosis and targeted treatment.

Nutritional etiologies remain the leading global cause of anemia.
Deficiencies in key micronutrients—particularly iron, vitamin B12, and folate—
alter erythropoiesis and hemoglobin synthesis. Iron deficiency impairs heme
formation, leading to microcytic and hypochromic anemia. Vitamin B12 and folate
deficiencies disrupt DNA synthesis, producing megaloblastic anemia characterized
by large, fragile erythrocytes.

Foods lacking in animal protein, leafy greens, and fortified cereals contribute to
nutritional anemia, with pregnant women, adolescents, and young children
particularly vulnerable due to increased physiological demands.

Chronic diseases such as renal failure, autoimmune disorders, cancer,

HIV/AIDS, and inflammatory bowel disease contribute to anemia of chronic
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disease (ACD). Mechanisms include suppressed erythropoietiny production,
shortened red blood cell lifespan, and impaired iron mobilizationy due to
inflammatory cytokines. Patients with end-stage renal disease frequently dewelop

severe anemia without therapeutic intervention.

Genetic disorders such as sickle cell disease and thalassemia directly alter

hemoglobin structure and red cell stability. Sickle cell anemia induces hemolyéis
due to polymerization of abnormal hemoglobin S under hypoxic conditions. Alpha
and beta thalassemias reduce globin chain synthesis, producing severe microcytic

anemia and requiring consistent medical support.

Acute or chronic hemorrhage significantly lowers circulating hemoglobin.

Traumatic injury, gastrointestinal bleeding, heavy menstrual bleeding
(menorrhagia), or post-surgical complications may induce severe anemia in the
absence of timely intervention. Chronic occult bleeding is common in peptic ulcer

disease, colorectal malignancies, and parasitic infections.

Bone marrow suppression impairs hematopoiesis and may result from

aplastic anemia, myelodysplastic syndromes, malignancies, chemotherapy,
radiation exposure, and viral infections (e.g., Parvovirus B19). These conditions
reduce red blood cell production and contribute to severe anemia despite adequate

iron stores.

The pathophysiological mechanisms of severe anemia are primarily linked to

tissue hypoxia resulting from reduced hemoglobin concentration and impaired
oxygen transport capacity. Compensatory physiological responses aim to preserve

oxygen delivery and cellular function.

Hemoglobin molecules bind oxygen in the lungs and transport it to tissues.

Severe hemoglobin reduction disrupts this function, causing systemic oxygen
deprivation. Brain and cardiac tissues are particularly sensitive to hypoxia due to

high metabolic demands.

To compensate for decreased oxygen-carrying capacity, the cardiovascular

system increases cardiac output through tachycardia and stroke volume
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augmentation. Prolonged compensation places strain on the heast and may

contribute to heart failure, particularly in elderly or chronically ill patients.

Reduced oxygen availability forces cells to shift from aerobic to“anaesobic

metabolism, increasing lactate production and resulting in metabolic acidosis{
Chronic hypoxia disrupts mitochondrial function and contributes to multi-organ \

impairment.

Cognitive dysfunction, dizziness, and attention deficits result from reduced

cerebral perfusion. In children, prolonged severe anemia is associated with delayed
cognitive development and impaired academic performance.

Conclusion

Severe anemia is a major health burden with diverse etiological factors,

complex pathophysiological mechanisms, and significant clinical consequences.
Early diagnosis, effective treatment, and preventive public health strategies can
substantially reduce disease burden. Continuous research is required to improve
clinical management, strengthen screening programs, and enhance global health

outcomes.
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