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Abstract \ Review Article

Iron deficiency anemia (IDA) is the most common nutritional deficiency and the leading cause of anemia worldwide,
affecting infants, children, and adolescents disproportionately. IDA remains a significant public health concern because
of its high prevalence and its potential impact on growth, neurodevelopment, cognitive function, physical performance,
and quality of life. The etiology of pediatric IDA is multifactorial and includes inadequate dietary iron intake, increased
iron requirements during periods of rapid growth, chronic blood loss, and impaired intestinal iron absorption. Clinical
manifestations vary according to age and disease severity and may range from asymptomatic iron deficiency to fatigue,
pallor, impaired cognitive performance, behavioral disturbances, and reduced physical capacity. Diagnosis relies on
clinical assessment and laboratory investigations, including complete blood count and iron studies, with serum ferritin
serving as the most sensitive indicator of iron deficiency. Oral iron replacement therapy remains the first-line treatment
for most children, while intravenous iron is reserved for selected cases. Prevention strategies include optimization of
maternal iron status during pregnancy, delayed umbilical cord clamping, appropriate infant feeding practices, iron
supplementation for high-risk groups, and routine screening of susceptible populations. Early recognition, timely
intervention, and effective preventive measures are essential to reduce the burden of IDA and its long-term consequences
in pediatric populations.
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INTRODUCTION behavioral, and physical development, with some effects
persisting despite later correction of the deficiency.
Among school-aged children, iron deficiency has been
associated with impaired cognitive performance,
reduced academic achievement, and diminished
physical capacity [3].

Iron deficiency anemia (IDA) isa common
form of anemia resulting from insufficient iron
availability for erythropoiesis, leading to impaired
hemoglobin synthesis [1].

Micronutrient  deficiencies are important
determinants of child health and contribute significantly
to the burden of disease worldwide. Infants and young
children are particularly vulnerable because of their rapid
growth and development, during which nutritional
deficiencies may have long-lasting or even irreversible
consequences. Iron deficiency (ID) is one of the most
prevalent nutritional deficiencies globally, primarily
affecting pregnant women, fetuses, infants, and children.
It is also the leading cause of anemia worldwide [2].

Several risk factors contribute to the
development of IDA in pediatric patients, including
increased iron requirements during periods of rapid
growth such as infancy, childhood, and adolescence,
particularly among adolescent females. Other
contributing factors include inadequate dietary iron
intake, chronic blood loss, and impaired intestinal
iron absorption [2,4].

This review aims to summarize the current
evidence regarding epidemiology, risk factors, clinical
manifestations, diagnosis, treatment, and prevention of
iron deficiency anemia in children and adolescents.

Iron deficiency and iron deficiency anemia
during early childhood may adversely affect cognitive,
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PREVALENCE

Iron deficiency anemia (IDA) is the most
common nutritional deficiency disorder worldwide and
remains a major public health concern, particularly in
developing countries. It is estimated that approximately
30% of the global population is affected by IDA, with the
majority of cases occurring in low- and middle-income
countries [21]. In the United States, about 9% of children
aged 12 to 36 months are iron deficient, and nearly 30%
of these children subsequently develop IDA [21].
Globally, the burden of IDA varies substantially
according to geographic region and socioeconomic
status. The reported prevalence in industrialized
countries is approximately 20.1% among children aged 0
to 4 years and 5.9% among those aged 5 to 14 years,
whereas corresponding rates in developing countries
reach 39% and 48.1%, respectively [22]. In Western
countries, two peak periods of increased prevalence have
been identified during childhood and adolescence. The
first peak occurs between 1 and 3 years of age, with
prevalence rates ranging from 2.3% to 15%, while the
second occurs during adolescence, affecting 3.5% to
13% of males and 11% to 33% of females [5].

The highest prevalence rates are observed
among infants, young children, adolescent girls, and
populations living in resource-limited settings, reflecting
increased iron requirements, inadequate dietary intake,
and socioeconomic disparities [23].

Causes and Risk Factors of Iron Deficiency Anemia

Iron deficiency anemia (IDA) develops when
iron availability is insufficient to meet the body's
physiological requirements [1]. According to the
reviewed literature, the principal causes of iron
deficiency in children include inadequate dietary iron
intake, increased iron requirements during periods of
rapid growth, chronic blood loss, and impaired intestinal
iron absorption [6,7].

Several studies  consistently identified
premature infants, young children, and adolescent
females as the populations at greatest risk of developing
IDA because their iron requirements often exceed dietary
iron intake [4,6]. Premature infants are particularly
vulnerable because the majority of fetal iron stores are
accumulated during the third trimester of pregnancy.
Likewise, rapid growth during infancy and adolescence
increases iron demands, placing these groups at elevated
risk for iron deficiency. Additional risk factors include
prolonged breastfeeding without adequate iron
supplementation beyond four months of life [9], the use
of low-iron infant formula, early introduction of cow's
milk before 12 months of age, excessive cow's milk
consumption during early childhood, and diets low in
bioavailable iron, such as those with limited red meat
intake or adherence to vegetarian or vegan dietary
patterns [4].

Chronic or recurrent blood loss is another
important contributor to iron deficiency. Common
pediatric causes include gastrointestinal bleeding
associated with inflammatory bowel disease [4,8],
intestinal parasitic infections, and excessive menstrual
blood loss in adolescent girls [4]. Furthermore,
conditions that impair intestinal iron absorption, such as
celiac disease [5,10], atrophic gastritis, gastric surgery,
and reduced gastric acidity resulting from the use of acid-
suppressive medications such as (antacids, H2 blockers,
proton-pump inhibitors) [4,10], may predispose children
to iron deficiency despite adequate dietary iron intake

[4].

The reviewed studies also highlighted the role
of dietary inhibitors of iron absorption. Phytates found in
cereals and legumes, polyphenols present in tea and
coffee, oxalates contained in certain vegetables, and
calcium-rich foods can reduce the bioavailability of non-
heme iron. When consumed frequently or alongside iron-
rich meals, these dietary factors may contribute to iron
deficiency and increase the risk of developing IDA in
susceptible pediatric populations [4].

Clinical manifestations

Clinical manifestations of iron deficiency and
iron deficiency anemia vary according to the severity and
duration of iron depletion and the age of the child [2,6].
Iron deficiency is often symptomatic and may or may not
be accompanied by anemia [11]. Mild iron deficiency
may be clinically silent, whereas progressive iron
deficiency anemia can may cause pallor, fatigue, reduced
exercise tolerance, headache, dizziness and lethargy
[2,6]. Irritability, reduced concentration, and decreased
physical capacity may also occur with iron deficiency
[2]. Tachycardia and other cardiovascular manifestations
are generally associated with more severe anemia [2,6].

In infants and young children, iron deficiency
anemia may present with irritability, poor feeding,
fatigue, lethargy and decreased activity [12], although
children may remain asymptomatic [13]. Particular
attention should be given to neurodevelopmental
manifestations, as early-life iron deficiency has been
associated with adverse cognitive, motor, and behavioral
outcomes [14].

In school-aged children, iron deficiency may
manifest with chronic fatigue, reduced physical capacity,
impaired concentration [18], learning and memory
difficulties [18], irritability, and sleep disturbances [2].
Pica may also occur and can provide an important
clinical clue to iron deficiency [2,17].

Among adolescents, fatigue, reduced exercise
tolerance, headache, dizziness, and impaired
concentration may become more apparent [2]. Pica and
restless legs syndrome (RLS) may also occur in
association with iron deficiency [2,15]. In adolescent
females, heavy menstrual bleeding is an important risk
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factor for iron deficiency because of chronic blood loss
[16].

On physical examination, pallor of the skin and
oral or conjunctival mucosa and tachycardia may be
observed, particularly with iron deficiency anemia [2].
Prolonged iron deficiency may also be associated with
mucocutaneous manifestations, including angular
cheilitis, glossitis, and koilonychia [2].

Diagnosis

Diagnosis of iron deficiency anemia (IDA)
begins with a thorough assessment of clinical symptoms,
medical history, dietary practices, and physical
examination findings. The diagnosis is subsequently
confirmed through laboratory investigations
demonstrating both anemia and depleted iron stores
[19,20].

The initial and most informative laboratory
investigation in children with suspected IDA is the
complete blood count (CBC). Automated blood cell
analysis typically reveals a microcytic, hypochromic
anemia characterized by reduced mean corpuscular
volume (MCV) and mean corpuscular hemoglobin
(MCH). In addition, red cell distribution width (RDW) is
often elevated, reflecting increased variability in
erythrocyte size [19]. Hemoglobin (Hb) values should
always be interpreted according to age-specific reference
ranges. Reduced hemoglobin concentration, red blood
cell count, and hematocrit levels below two standard
deviations of the normal values for age and sex are
consistent with anemia [5]. According to World Health
Organization criteria, anemia is defined as a hemoglobin
concentration below 11 g/dL in children aged 6-59
months, below 11.5 g/dL in children aged 5-11 years,
below 12 g/dL in children aged 12-14 years and females
aged >15 years, and below 13 g/dL in males aged >15
years [6].

Iron studies are essential for confirming iron
deficiency and typically demonstrate low serum ferritin,
low serum iron, reduced transferrin saturation, and
elevated total iron-binding capacity (TIBC) [19,20].
Among these parameters, serum ferritin is considered the
most sensitive and specific indicator of iron deficiency.
However, its diagnostic value may be limited in the
presence of inflammation, infection, or chronic disease
because ferritin is an acute-phase reactant [19,20].

Additional investigations may be necessary to
identify the underlying cause of iron deficiency,
including assessment of dietary iron intake,
gastrointestinal blood loss, malabsorption disorders,
parasitic infections where endemic, or periods of
increased physiological iron demand associated with
rapid growth [20].

Treatment
Oral iron replacement therapy (IRT) is
considered the first-line treatment for iron deficiency and

iron deficiency anemia (IDA) in infants, children, and
adolescents [21,22,24]. The recommended dose of
elemental iron is 3-6 mg/kg/day administered orally,
with a maximum daily dose of 150-200 mg (21). In
adolescents, oral iron doses ranging from 65 to 130 mg
of elemental iron daily are commonly recommended
[22].

To optimize absorption, oral iron should ideally
be administered on an empty stomach. Concurrent
consumption of calcium-containing foods and
beverages, including milk and dairy products, should be
avoided because calcium may reduce iron absorption
[22]. Gastrointestinal adverse effects such as abdominal
discomfort, nausea, constipation, and diarrhea may limit
adherence to treatment in some patients [25].

Response to therapy should be monitored
through clinical assessment and laboratory evaluation. In
patients presenting with severe anemia (hemoglobin <9
g/dL), hemoglobin may be reassessed after
approximately two weeks of treatment, with an increase
of at least 1 g/dL considered indicative of an adequate
response [22]. Reticulocytosis may occur within several
days of treatment initiation; however, routine assessment
is generally not recommended because the timing of the
reticulocyte response varies among patients [22]. Oral
iron therapy should be continued for at least three months
after normalization of hemoglobin levels to replenish
iron stores adequately. Repeat complete blood count and
serum ferritin measurement are recommended at the
completion of therapy to confirm correction of anemia
and restoration of iron reserves [22].

Intravenous iron replacement therapy is
reserved for selected patients who are unable to tolerate
oral iron, have poor adherence to oral therapy, suffer
from malabsorption disorders, inflammatory bowel
disease, chronic kidney disease, or iron-refractory iron
deficiency anemia (IRIDA), or who fail to respond
adequately to oral treatment [22,24].

Packed red blood cell transfusion is rarely
required and should be reserved for patients with severe
symptomatic anemia, cardiovascular compromise, or
profound anemia [21,22].

Current recommendations suggest considering
transfusion in children with hemoglobin concentrations
below 5 g/dL or in those with significant clinical
instability [22]. When indicated, transfusion should be
administered cautiously using a restrictive approach,
typically 4-5 mL/kg infused over 3-4 hours, followed by
iron replacement therapy to correct the underlying
deficiency [22].

In adolescent females with iron deficiency
secondary to heavy menstrual bleeding, management
should include both iron replacement therapy and
treatment of the wunderlying menstrual disorder.
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Hormonal therapy may be required to control menstrual
blood loss and prevent recurrence of iron deficiency [21].

Prevention

Prevention of iron deficiency and iron
deficiency anemia (IDA) is essential to avoid both
hematologic and non-hematologic consequences [21]).
Preventive measures should begin during pregnancy, as
fetal and neonatal iron stores largely depend on maternal
iron status. Perinatal iron deficiency has been associated
with long-term neurocognitive impairment that may
persist despite subsequent iron therapy. Therefore, the
World Health Organization (WHO) recommends iron
and folic acid supplementation during pregnancy,
particularly in populations with a high prevalence of
anemia among women of reproductive age [26]. Delayed
umbilical cord clamping at birth is another effective
strategy, as it increases neonatal iron stores and reduces
the risk of iron deficiency during infancy, especially
among preterm infants [26].

Optimal infant feeding practices also play a key
role in prevention. Exclusive breastfeeding is
encouraged, while infants who are not breastfed should
receive iron-fortified formula during the first year of life.
Cow’s milk should be avoided before 12 months of age
because of its low iron content and poor iron
bioavailability [26,27]. Preterm and low-birth-weight
infants require prophylactic oral iron supplementation,
with the American Academy of Pediatrics
recommending approximately 2 mg/kg/day of elemental
iron from one month until one year of age [26,27]. In
exclusively breastfed term infants, supplementation with
elemental iron at a dose of 1 mg/kg/day is recommended
beginning at four months of age and continuing until
adequate iron-containing complementary foods are
introduced [26,2]. After one year of age, excessive cow’s
milk consumption should be avoided and limited to less
than 20-24 oz (600-720 mL) daily [21,27],as excessive
intake may reduce consumption of iron-rich foods and
contribute to occult gastrointestinal blood loss through
cow’s-milk-induced enteropathy [21].

Routine screening is an additional preventive
strategy that facilitates early detection and treatment
before severe anemia develops. Screening is typically
performed  using  hemoglobin  or  hematocrit
measurements at approximately 12 months of age, with
repeat assessment in high-risk children or in those with
persistent risk factors for iron deficiency [21,27].
Continued surveillance is recommended when dietary,
medical, or socioeconomic risk factors remain present.

CONCLUSION

Iron deficiency anemia remains one of the most
common nutritional disorders affecting children and
adolescents  worldwide. Despite being largely
preventable and treatable, it continues to represent a
significant public health challenge because of its adverse

effects on hematologic status, growth,
neurodevelopment, cognitive function, and physical
performance. The development of IDA is multifactorial,
resulting from inadequate dietary iron intake, increased
physiological requirements, chronic blood loss, or
impaired iron absorption. Early recognition through
careful clinical assessment and appropriate laboratory
investigations is essential for prompt diagnosis and
management. Oral iron supplementation remains the
cornerstone of treatment, while selected patients may
require intravenous iron therapy or additional
interventions to address underlying causes. Effective
prevention, beginning during pregnancy and continuing
throughout childhood and adolescence through adequate
nutrition, targeted supplementation, and routine
screening, is critical to reducing the burden of disease.
Improved awareness among healthcare professionals,
caregivers, and public health authorities can facilitate
early intervention and contribute to better long-term
health and developmental outcomes for children and
adolescents affected by iron deficiency anemia.
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