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Abstract  

This review explores current diagnostic and treatment strategies for iron deficiency anemia in 

children. It outlines the pathophysiology of the condition, highlights modern diagnostic tools, and 

evaluates therapies based on recent clinical trials and meta-analyses. Emphasis is placed on early 

detection using sensitive biomarkers, individualized iron supplementation, and preventive 

measures within pediatric care. The analysis supports the use of screening programs and advanced 

iron formulations to improve treatment outcomes. The review offers updated clinical guidance for 

healthcare professionals, stressing early intervention to prevent long-term developmental impacts. 
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Introduction  

At the moment, iron deficiency anemia continues to represent a formidable global health 

challenge, particularly within pediatric populations where its prevalence reaches alarming 

proportions across both developed and developing nations. The World Health Organization 

estimates that approximately 273 million children worldwide suffer from iron deficiency anemia, 

making it the most common nutritional deficiency disorder affecting young populations. This 

condition transcends geographical boundaries and socioeconomic status, manifesting with 

particular severity in children aged six months to five years, a critical developmental period when 

iron requirements are substantially elevated due to rapid growth and expansion of blood volume. 

The significance of iron deficiency anemia extends far beyond its immediate hematological 

manifestations, encompassing profound implications for cognitive development, immune 

function, and overall pediatric health outcomes. Contemporary research has established 

compelling associations between iron deficiency in early childhood and persistent deficits in 

neurocognitive performance, attention span, and academic achievement that may persist into 

adolescence and adulthood. Furthermore, iron-deficient children demonstrate increased 

susceptibility to infectious diseases, delayed motor development, and impaired physical growth, 

creating a complex web of interconnected health consequences that can perpetuate cycles of 

developmental disadvantage. 

The pathophysiology of iron deficiency anemia in children involves a progressive depletion of iron 

stores that occurs through distinct phases, beginning with iron depletion characterized by reduced 



 

 

Volume 3, Issue 5, May 2025  ISSN (E): 2938-3765 

595 | P a g e  
 
 

serum ferritin levels, progressing to iron deficient erythropoiesis marked by elevated transferrin 

receptor concentrations, and ultimately culminating in overt iron deficiency anemia with 

characteristic microcytic, hypochromic red blood cell morphology. This sequential progression 

provides multiple opportunities for early detection and intervention, yet traditional diagnostic 

approaches often fail to identify iron deficiency until advanced stages when reversibility becomes 

more challenging and developmental consequences may have already occurred. 

Recent advances in laboratory medicine have introduced sophisticated biomarkers and diagnostic 

algorithms that enhance the sensitivity and specificity of iron deficiency detection, particularly in 

early stages when intervention is most effective. Simultaneously, the development of novel iron 

formulations and targeted delivery systems has revolutionized therapeutic approaches, offering 

improved tolerability profiles and enhanced bioavailability compared to conventional iron 

preparations. These innovations, combined with growing understanding of individual genetic 

variations in iron metabolism, have paved the way for personalized treatment strategies that 

optimize therapeutic outcomes while minimizing adverse effects. 

 

Main Body  

The development of iron deficiency anemia in children results from a complex interplay of 

physiological, nutritional, and environmental factors that collectively disrupt iron homeostasis. 

During periods of rapid growth, particularly in infancy and adolescence, iron requirements 

increase substantially to support expanding red blood cell mass, myoglobin synthesis, and the 

development of iron-containing enzymes essential for cellular metabolism. The average iron 

requirement for children aged one to three years ranges from seven to ten milligrams daily, 

representing a significant burden on dietary intake and absorption capacity. Dietary iron exists in 

two primary forms: heme iron derived from animal sources and non-heme iron obtained from 

plant-based foods and fortified products. Heme iron demonstrates superior bioavailability with 

absorption rates of fifteen to thirty-five percent, while non-heme iron absorption typically ranges 

from two to twenty percent depending on the presence of enhancing or inhibiting factors. Children 

following vegetarian diets or those with limited access to meat products face increased risk of iron 

deficiency due to reliance on less bioavailable non-heme iron sources. 

Gastrointestinal absorption of iron occurs primarily in the duodenum and proximal jejunum 

through a tightly regulated process involving multiple transporters and regulatory proteins. 

Divalent metal transporter 1 facilitates iron uptake across the apical membrane, while ferroportin 

mediates basolateral iron export into the circulation. Hepcidin, the master regulator of iron 

homeostasis, modulates iron absorption and recycling by controlling ferroportin activity, with 

elevated hepcidin levels reducing iron availability and contributing to functional iron deficiency 

even in the presence of adequate iron stores. 

Several demographic and clinical factors predispose children to iron deficiency anemia. Premature 

infants possess limited iron stores due to interrupted third-trimester iron accretion, making them 

particularly vulnerable during the first year of life. Rapid growth phases during infancy and 

adolescence create periods of heightened iron demand that may exceed dietary supply. 

Socioeconomic disadvantage correlates strongly with iron deficiency risk through multiple 
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pathways including limited access to iron-rich foods, poor dietary diversity, and increased 

exposure to environmental factors that impair iron absorption. 

Chronic blood loss represents another significant pathway to iron deficiency in children, with 

gastrointestinal bleeding from conditions such as cow milk protein intolerance, inflammatory 

bowel disease, or parasitic infections leading to progressive iron depletion. Heavy menstrual 

bleeding in adolescent females constitutes a major risk factor often overlooked in clinical practice, 

with studies indicating that up to thirty percent of adolescent girls with heavy menstrual periods 

develop iron deficiency anemia. 

Modern diagnostic strategies for iron deficiency anemia in children have evolved to incorporate 

multiple biomarkers that collectively provide comprehensive assessment of iron status across 

different physiological compartments. Traditional reliance on hemoglobin concentration and mean 

corpuscular volume has proven inadequate for early detection, as these parameters typically 

remain normal until advanced stages of iron deficiency. Contemporary diagnostic algorithms 

emphasize the sequential evaluation of iron stores, iron transport capacity, and functional iron 

availability to identify deficiency before overt anemia develops. Serum ferritin represents the most 

widely utilized marker of iron stores, with concentrations below fifteen micrograms per liter 

generally indicating iron depletion in children. However, ferritin functions as an acute-phase 

reactant, with levels potentially elevated in the presence of inflammation, infection, or chronic 

disease, thereby masking underlying iron deficiency. Recent guidelines recommend interpreting 

ferritin values in conjunction with inflammatory markers such as C-reactive protein to account for 

this confounding effect. Soluble transferrin receptor concentration provides valuable insight into 

cellular iron demand and proves particularly useful in distinguishing iron deficiency from anemia 

of chronic disease. Elevated transferrin receptor levels reflect increased erythropoietic activity and 

cellular iron hunger, with values typically rising before changes in hemoglobin or mean 

corpuscular volume become apparent. The transferrin receptor to ferritin ratio enhances diagnostic 

accuracy by combining information about iron stores and iron demand into a single parameter that 

remains relatively unaffected by inflammatory conditions. Reticulocyte hemoglobin content 

represents an innovative biomarker that reflects the iron availability for hemoglobin synthesis in 

newly formed red blood cells. This parameter provides real-time assessment of functional iron 

status and demonstrates particular utility in monitoring treatment response, as changes occur 

within days of initiating iron therapy. Values below twenty-eight picograms indicate functional 

iron deficiency and correlate strongly with bone marrow iron depletion. 

Zinc protoporphyrin accumulates when iron availability becomes insufficient for heme synthesis, 

serving as a functional marker of iron-deficient erythropoiesis. Elevated zinc protoporphyrin levels 

precede the development of anemia and provide early indication of iron deficiency, though values 

may also increase in lead poisoning or chronic inflammation. Advanced diagnostic approaches 

increasingly utilize multiple biomarker panels to enhance sensitivity and specificity for iron 

deficiency detection. The combination of ferritin, transferrin receptor, reticulocyte hemoglobin 

content, and inflammatory markers provides comprehensive assessment that identifies iron 

deficiency across all stages of development while minimizing false positive results due to 

concurrent illness or inflammation. Point-of-care testing devices have revolutionized iron 

deficiency screening in resource-limited settings, offering rapid results that facilitate immediate 
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clinical decision-making. Modern portable analyzers can measure multiple iron-related parameters 

simultaneously, providing comprehensive iron status assessment within minutes of sample 

collection. 

Contemporary treatment of iron deficiency anemia in children emphasizes individualized 

approaches that consider factors such as severity of deficiency, underlying etiology, patient 

tolerance, and adherence patterns. The primary goal extends beyond simple correction of anemia 

to include restoration of iron stores and prevention of recurrence through comprehensive 

management strategies. Oral iron supplementation remains the first-line treatment for most 

children with iron deficiency anemia, with ferrous sulfate traditionally serving as the standard 

preparation. However, recent clinical trials have demonstrated comparable efficacy with improved 

tolerability for alternative formulations including ferrous gluconate, ferrous fumarate, and newer 

chelated iron compounds. The optimal dosing strategy has evolved from high-dose daily regimens 

to lower-dose alternate-day protocols that enhance absorption while reducing gastrointestinal side 

effects. Recent research has challenged traditional dosing recommendations, with studies 

demonstrating that alternate-day iron supplementation may achieve superior absorption compared 

to daily administration. This approach capitalizes on the physiological regulation of iron 

absorption, as hepcidin levels remain elevated for twenty-four to forty-eight hours following iron 

ingestion, potentially limiting absorption of subsequent doses administered within this timeframe. 

Liquid iron formulations offer advantages for young children who cannot swallow tablets, though 

attention to proper dosing and administration timing remains crucial for optimal efficacy. Iron 

drops and syrups require careful handling to prevent dental staining, with administration through 

a straw or immediate teeth brushing recommended to minimize discoloration. Dietary counseling 

represents an essential component of comprehensive iron deficiency management, focusing on 

increasing intake of bioavailable iron sources while optimizing absorption through strategic food 

combinations. Vitamin C-rich foods enhance non-heme iron absorption when consumed 

simultaneously, while calcium, tannins, and phytates can inhibit iron uptake. Educational 

interventions that teach families about iron-rich food sources and optimal preparation methods 

demonstrate significant impact on long-term iron status maintenance. 

Parenteral iron therapy has gained prominence for children with severe iron deficiency anemia, 

malabsorption disorders, or intolerance to oral preparations. Modern intravenous iron formulations 

including iron sucrose, ferric carboxymaltose, and iron isomaltoside demonstrate excellent safety 

profiles with significantly reduced risk of anaphylactic reactions compared to older iron dextran 

preparations. These formulations allow rapid iron repletion with single or limited infusion 

protocols, offering particular advantages for children requiring surgical procedures or those with 

chronic blood loss conditions. 

Treatment monitoring protocols emphasize regular assessment of therapeutic response through 

serial laboratory evaluations. Reticulocyte count typically increases within one week of initiating 

effective iron therapy, followed by hemoglobin improvement within two to four weeks. Complete 

blood count monitoring at two-week intervals during initial treatment allows early identification 

of inadequate response and guides potential treatment modifications. Duration of iron 

supplementation extends beyond anemia correction to ensure adequate iron store repletion. Current 

guidelines recommend continuing oral iron therapy for an additional three to six months after 
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hemoglobin normalization to restore ferritin levels and prevent early recurrence. Premature 

discontinuation of treatment represents a common cause of treatment failure and anemia 

recurrence. 

Primary prevention of iron deficiency anemia requires comprehensive approaches that address 

multiple risk factors across individual, community, and population levels. Iron fortification of 

staple foods represents one of the most cost-effective interventions for preventing iron deficiency 

in pediatric populations, with fortified cereals, formula, and complementary foods providing 

significant protection against deficiency development. Universal screening programs demonstrate 

substantial benefit in identifying iron deficiency before clinical manifestations develop, 

particularly when targeted toward high-risk populations including premature infants, children from 

disadvantaged backgrounds, and those following restrictive diets. The American Academy of 

Pediatrics recommends routine iron deficiency screening at nine to twelve months of age, with 

additional screening for high-risk children at fifteen to eighteen months and annually during 

adolescence. Nutritional education initiatives that engage families in understanding iron 

requirements, food sources, and absorption optimization strategies prove essential for sustainable 

prevention efforts. Community-based programs that provide culturally appropriate dietary 

guidance and cooking demonstrations show particular promise in addressing iron deficiency 

within specific populations. Addressing social determinants of health represents a crucial 

component of comprehensive iron deficiency prevention, as poverty, food insecurity, and limited 

healthcare access contribute significantly to deficiency risk. Policy interventions that improve 

access to iron-rich foods, enhance healthcare coverage for screening and treatment, and address 

underlying socioeconomic disparities demonstrate measurable impact on population iron status. 

In conclusion, iron deficiency anemia in children is a complex condition requiring early detection 

and individualized treatment. Modern diagnostic strategies using biomarkers enable early 

intervention, while updated therapies-including alternate-day oral iron, intravenous formulations, 

and dietary counseling-are more effective than traditional methods. Integrating personalized 

dosing and prevention programs can significantly reduce the global burden. Future research should 

focus on optimizing therapies, developing better iron formulations, and addressing social 

determinants of health. Effective management demands collaboration among healthcare providers, 

families, and public health systems to ensure early diagnosis, proper treatment, and long-term 

prevention. 
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