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Abstract

Iron deficiency is one of the commonest nutritional deficiencies in the world. It is multifactorial 
and may be caused by lack of intake, blood loss and intestinal causes. Clinical features are highly 
variable, and most patients are asymptomatic. Typical laboratory features of iron deficiency anemia 
(IDA) include a hypochromic microcytic anemia, low serum iron level, high total iron binding capa-
city, low serum ferritin level. Usefulness of monitoring serum transferrin receptor level (sTfR) and 
hepcidin for identifying IDA have been examined in a few studies. Available data suggest that sTfR 
can potentially become a valuable tool for regular testing of patients in the future. Despite IDA is 
easily corrected with iron therapy, establishing the cause can be difficult, particularly in cases caused 
by disorders of iron transport. Education for clinician needs to focus on increasing awareness of the 
importance of failure respond to iron supplementation. The aim of this review was to outline the 
current strategies for the diagnosis and management of IDA in the light of the latest reports.
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Introduction

Iron deficiency is still the most frequently nutritional deficiencies globally [1,2]. Iron deficiency can 
affect all age groups, but infants and young children are most at risk, particularly in the developing 
countries. Iron deficiency anemia (IDA) is common in young children and in pregnant women with a 
prevalence ranging from 15%-40% according to the various studies and definition used [1-5]. Accor-
ding to World Health Organization report, iron deficiency anemia accounts for approximately 50% of 
all anemia cases [1].
This review summarizes the current knowledge on IDA, with a particular focus on iron metabolism in 
regard to its pathogenesis and clinical features as well as to its diagnosis and treatment.

Iron metabolism and homeostasis

Most dietary iron is present in food of animal origin, including red meat, fish and dairy products. The 
average daily iron intake is 1-2 mg in a healthy person. Dietary iron can exist in either organic or heme 
iron as soluble ferrous (reduced Fe++) form, which is found in animal sources, or inorganic or non-
heme iron as insoluble ferric (oxidized Fe+++) form, which is found in plant sources [6-10].
The absorption of dietary iron by the enterocyte is a complex process (Figure 1).

In brief, dietary ferrous iron is taken up di-
rectly from the apical surface of the enterocyte 
into the cytoplasm by the DMT-1 (divalent 
metal transporter) protein [11]. However, 
non-heme iron is not directly recognized by 
these protein. It must be reduced to the ferrous 
form by ferric reductase and then binds to 
DMT-1 receptors in the apical brush border of 
enterocytes prior to duodenal absorption. 
Once intracellular ferrous iron can be either 
stored as ferritin or exported across the basola-
teral surface of the enterocytes into the circula-
tion by ferroportin. It must be oxidized to the 
ferric form by ferro-oxidase before releasing 
from enterocyte. In the circulation, ferric iron 
is carried out by transferrin, which facilitates 
cellular iron uptake through its interaction 
with specific transferrin membrane receptors 
(sTfR). Approximately 80% of sTfR are located 
in the erythroid precursors in bone marrow. 
Iron is an essential element that functions as a 
major component, about 70%, of oxygen 
carrying hemoglobin and a small amount of 
redox enzymes (5%) in cellular metabolism 
and most of the rest (25%) is stored as ferritin 
and hemosiderin in target organs. Free iron 
from senescent red cells, phagocytosed by reti-
culoendothelial system is bound to transferrin, 
and recycled.Figure 1. Iron metabolism and homeostasis
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In this context, hepcidin is a small peptide hormone predominantly synthesized in the liver and is 
the key regulator of systemic iron homeostasis. Hepcidin plays a critical role in regulating systemic 
iron levels by inhibiting intestinal iron absorption, iron recycling by macrophages, and iron mobiliza-
tion from hepatic stores. On the molecular level, ferroportin, an iron export protein at the basolateral 
membrane of the enterocyte, macrophages and hepatocytes, is internalized and lysosomal degraded 
under the influence of hepcidin. The synthesis of hepcidin is modulated by iron status, hypoxia, and 
inflammation [12-14].

Causes

Iron deficiency results when either dietary intake does not meet the body’s requirement or when there 
is chronic blood loss. These two causes together with malabsorption, account for the majority of cases. 
A list of the all causes of IDA is given in Table I. The likely cause of IDA vary with the age. The preva-
lence of IDA exhibit two peaks. The first peak occurs during infancy and early childhood due to rapid 
growth and exudative enteropathy due to cow’s milk. The second peak is seen during adolescents and 
adults due to blood loss and intestinal causes [4,5].
The dietary iron requirement for adult is estimated at 55 mg/kg and is higher in infants and young 
children due to their rapid growth. Inadequate dietary iron intake occurs in infants due to the low con-
centration of iron in milk. Human breast milk and cows milk have low iron content, but the bioavai-
lability of iron in human milk is greater. Infants are particularly prone to developing IDA due to lower 
body iron stores, larger requirements, and decreased intake from a milk based diet [15].

Cause Due to

Intestinal 
absorption 
defects

Inadequate absorption Poor bioavailability (Heme Fe > Fe+2 > Fe+3), antiacid therapy, tannins, phytates, 
phosphates, other metals (Co, Pb)

Impaired absorption Inflammatory bowel disease, celiac disease, postgastrectomy, Helicobacter 
Pilori infection, prolonged diarrhea

Dietary factors Excessive cow’s milk, vegetarian diet

Blood loss Intestinal loss Epistaxis, ulcer, Meckel’s diverticulum, milk-induced enteropathy, parasitosis, 
variceal, tumor or polyps, inflammatory bowel disease, arteriovenous 
malformation, aspirin, steroid

Pulmonary loss Pulmonary hemosiderosis, tuberculosis
Goodpasture syndrome, Ig A deficiency, bronchiectasis

Genitourinary loss Nephritic syndrome (loss of transferrin), Berger disease, intravascular hemolysis 
(paroxysmal nocturnal hemoglobinuria), menstrual loss, tumor, dialysis

Hepatobiliary system Hematobilia

Rare causes Inadequate presentation 
to erythroid precursors

Atransferrinemia (autosomal recessive disorder, severe hypochromic microcytic 
anemia with a low SI and SIBC), antitransferrin receptor antibodies

Abnormal intracellular 
transport/utilization

Erythroid iron trafficking defects (DMT-1 mutations), defects of heme synthesis

Defects in intestinal iron 
uptake

Iron refractory iron deficient anemia – IRIDA (severe hypochromic microcytic 
anemia with a low SI and high SIBC and normal ferritin)

Increased demand Rapid growth (low birth weight, prematurity, twins, puberty, pregnancy), 
cyanotic congenital hearth disease

Table I. Causes of iron deficiency anemia
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During acute blood loss, body iron stores are generally sufficient for accelerated erythropoiesis and 
subsequent iron uptake is adequate for restoring iron homeostasis. IDA only develops over weeks to 
months of chronic or recurrent blood loss. Causes of chronic blood loss include excessive menstrual 
bleedings (menorrhagia), gastrointestinal (GIS) hemorrhage, hematuria and recurrent epistaxis. GIS 
bleeding result from primary GIS disease including benign or malignant neoplasm, ulceration, esopha-
geal variceal, inflammatory bowel diseases, parasitic infections, arteriovenous malformations, bezoar, 
drugs such as nonsteroidal anti-inflammatory agents and steroids. Coagulopathy due to renal and he-
patic diseases and inherited bleeding disorders are frequently associated with IDA [16-19].
IDA can be induced iatrogenically through excessive phlebotomies of blood donor, as a regular blood 
donation of 450 ml removes approximately 200 mg of iron from the body [20]. Finally, rare genetic de-
fects in ferroportin and hepcidin regulation have been reported to cause iron refractory iron deficiency 
anemia (IRIDA) in humans [21].

Clinical features

Characteristic clinical features of IDA in hematologic, intestinal, neurologic, cardiac, muscular and 
immunologic systems are summarized in Table II.
There are considerable variations in clinical manifestations, making early diagnosis challenging. 
Early diagnosis is possible only through IDA screening strategies, enabling the detection of presym-
ptomatic patients. Early detection in infancy or young children is important allowing iron treatment 
that may result in normal mental motor development and present irreversible disability [22,23]. Cli-
nical and laboratory signs are highly polymorphic and of varying severity, ranging from milder con-
ditions, such as the pallor and isolated anomalies of microcytosis and hypochromic erythrocytes, to 
severe disorders, including neurocognitive impairment and intestinal epithelial changes. However, 
clinical signs solely due to anemia do not occur until anemia is severe, and can include lethargy, de-
creased exercise tolerance, weakness, weight loss, growth retardation, and generalized malaise. Whi-
le these signs are typical for any anemia, the development of pica is unique to IDA. Evidence of blood 
loss, such as melena, hematuria, or bleeding from other sites may be noted at the time of physical 
examination [24-29].

System Mechanism Clinical features

Intestinal Epithelial changes and bleeding Angular stomatitis, glossitis, dysphagia, esophageal web (Plummer 
Vinson syndrome), koilonychia, exudative enteropathy, Pica 
(bezoar), malabsorption syndrome, melena or hematochezia

Neurologic Impair neurotransmitter mechanism Reduced neurocognitive performance, lower mental and motor 
developmental test scores on the Bayley Scale, breath holding 
spells, lethargy, irritability

Cardiac Increase in plasma volume Arrhythmia, and a systolic heart murmur

Muscular Deficiency of myoglobin and 
cytochrome C

Decreased exercise tolerance, weakness, generalized malaise

Immunologic Impaired leukocyte formation Increased susceptibility to infection in iron deficiency

Hematologic Decreased heme production, 
reduction in iron dependent enzymes

Nonspecific symptoms (pallor, weakness), splenomegaly

Table II. Major clinical manifestations of iron deficiency anemia
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Diagnosis

The diagnostic approach to IDA including 
identifying the underlying disease trigger with 
a through history, physical examination, and 
laboratory investigations. A detailed history of 
dietary intake, iron supplementation in infancy 
and lactation, and blood loss should be asses-
sed. Standard laboratory tests for diagnosis of 
IDA include complete blood count with reti-
culocyte count and blood smear, and levels of 
serum iron, total iron binding capacity and fer-
ritin [30]. Iron status at different phases of the 
disease are summarized in Table III.
Further tests including hemoglobin electropho-
resis, urinalysis, fecal occult blood test, coagu-
lation parameters, serum biochemistry, endo-
scopy and abdominal imaging may be required 
in confirming the diagnosis and /or excluding 
other causes of microcytic anemia [6-10].

Complete blood count 
and blood smear
Anemia is defined as a hemoglobin concentra-
tion, below the normal range for age and gen-
der. Red cell indices MCV (mean corpuscular 
volume), MCH (mean corpuscular hemoglo-
bin) and MCHC (mean corpuscular hemo-
globin concentration) are lower than normal 
values for age [31]. Elevated red cell distribu-
tion width (RDW) is useful for discriminating from thalassemia minor. Red cell morphology shows 
hypochromia microcytosis and anisocytosis. Platelet count is usually elevated, particularly in patients 
with chronic blood loss, exceeding 1x106/µl in some cases. Occasionally, neutropenia due to decreased 
neutrophil production can occur in IDA.

Serum iron concentration
Typically, it is very low in patients with IDA. However, mildly low to low normal serum iron values can 
also be observed with anemia of inflammatory disease. Serum iron can be transiently elevated by intra-
vascular red blood cell lysis, recent blood transfusion, and iron supplementation, which can complicate 
interpretation of laboratory data [32].

Total iron binding capacity
It is a measure of the plasma iron concentration that can be bound by plasma transferrin. Iron satura-
tion reflects the amount of plasma iron bound the transferrin and is low (<20%) in cases of IDA [32].

Phases Laboratory changes

Pre-latent phase 
(iron deficiency)

 • No anemia
 • Normal Hb for age
 • Normal blood smear
 • Normal serum iron and iron binding 
capacity

 • Low serum ferritin

Latent phase 
(iron deficiency)

 • No anemia
 • Normal Hb for age
 • Normal blood smear
 • Decreased serum iron
 • Increased iron binding capacity
 • Increase sTfR level
 • Decrease reticulocyte hemoglobin 
content

 • Low serum ferritin level

Frank phase 
(iron deficiency 
anemia)

 • Decreased Hb, MCV, MCH, MCHC 
for age

 • Hypochromic and microcytosis in 
smear

 • Decreased serum iron
 • Increased iron binding capacity
 • Increase sTfR level
 • Decrease reticulocyte hemoglobin 
content

 • Low serum ferritin level

Table III. Three phases of iron deficiency 
anemia

MCH = mean corpuscular hemoglobin; 
MCHC = mean corpuscular hemoglobin 
concentration; MCV = mean corpuscular volume
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Ferritin
Serum level of ferritin correlates well with body iron stores. It is decreased in IDA and increased in iron 
overload. Ferritin is also an acute phase protein, and hyperferritinemia can occur with underlying di-
sease, such as inflammatory disease, neoplasia, liver diseases. Nevertheless, low serum ferritin concen-
trations (<12ng/ml) can be helpful in differentiating IDA from anemia of inflammatory disease [32].

Bone marrow iron
Body iron stores can be qualitatively assessed by staining bone marrow with prussian blue stain. Low 
bone marrow iron content is informative but invasive investigation. Thus, bone marrow iron remain 
the gold standard for diagnosis of IDA in difficult cases.

Serum transferrin receptor level (STfR)
Recent data indicate that sTfR can assess iron status better than previously used conventional labora-
tory tests. Plasma sTfR levels increase with iron deficiency anemia. Thus, sTfR levels may be a useful 
parameter for distinquishing between anemia of chronic disease and IDA but not widely available 
[33,34].

Reticulocyte hemoglobin content (CHr) and percentage of hypochromic cells 
(%Hypo)
Increased percentage of hypochromic erytrocytes and a reduced hemoglobin content of reticulocytes 
are found in functional iron deficiency. They are useful parameters to evaluate erythropoietic activity 
in functional iron deficiency [35].

Serum hepcidin levels
Few data are available on the evaluate of hepcidin in IDA. Previous studies indicate that hepcidin in-
creases with iron overload and decreases with IDA [12-14].

Tests for blood loss
If melena or hematochezia is not evident and no blood loss can be identified, fecal occult blood tests 
should be performed. Various commercial tests are available to detect occult blood in stool that may 
not be visible on visual inspection. However, false positive results are possible with oral iron supple-
mentation, meat diets, and much less likely dietary myoglobin, hemoglobin. In some cases, the serum 
total protein values are also low due to the concomitant loss of plasma. Abdominal imaging and en-
doscopy are recommended to visualize intestinal organs and to assess the gastrointestinal tract for 
evidence of ulceration, masses or vascular malformation [18,19].

Differential diagnosis

The major differential diagnosis of IDA is thalassemia and chronic disease anemia [36]. Classically, 
chronic disease anemia is associated with low SI and SIBC and high or normal serum ferritin levels.
In most cases the differentiation between IDA and thalassemia trait is not difficult. Because the red cell 
distribution width (RDW) is normal in patients with thalassemia trait but high in those with IDA. Ho-
wever, differentiation between IDA and thalassemia trait can sometimes be difficult, especially when 
they both exist. In patients whose MCV improves but does not return to normal after adequate iron 
therapy, thalassemia traits should be excluded with hemoglobin electrophoresis.
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Treatment

The general principles of treating patients with IDA include preventing further blood loss, correcting 
the anemia if severe, initiating iron supplementation, and addressing the underlying disease. A blood 
transfusion may be necessary prior to receiving results from diagnostic evaluation if the patient is se-
verely anemic and demonstrating signs of heart failure and hypoxia. Thus, blood transfusion are only 
indicated in cases of severe anemia with resulting tissue hypoxia, to stabilize a decompensated patient, 
or prior to performing general anesthesia and surgery on a patient with moderate and severe anemia. 
There are no specific guidelines that indicate when a transfusion is appropriate; clinical and laboratory 
assessments of the patient are used to make that decision [37,38].
Iron supplementation is generally needed to restore iron homeostasis and should be based on the de-
gree of anemia, underlying pathology, red blood cell count, serum iron panel and erytrocyte morpho-
logy.
In stable patients, oral iron therapy is usually preferred over parenteral iron administration in patients 
due to its low cost and higher safety. Both ferrous and ferric forms are available but only the ferrous 
form is recommended due to superior absorption. Ferrous sulphate is used most frequently but ferrous 
gluconate and fumarate can also be used. Physician must be taken when determining the dosage to be 
administered, as published doses are expressed as either milligrams of iron salt or elemental iron. Fer-
rous sulfate in a dose of 3-6 mg/kg per day is given for one month and then followed by a maintenance 
treatment over 1 to 3 months to replenish body stores of iron. Peak reticulocytosis occurs between the 
fifth and tenth days followed by a significant rise more than 1 g/dl in hemoglobin level occurs. One of 
the more common side effects of oral iron supplementation is intestinal irritation, which can be mini-
mized by dividing the dose several times a day. Interaction with other drugs is recognized and should 
be avoided [39,40].
Parenteral forms of iron other than red blood cell products can be administered if oral iron is poorly 
tolerated or if severe bowel disease is demonstrated or if erythropoietin therapy is needed (e.g renal 
dialysis). Approximately 70% of the iron dextran is absorbed from the injection site within days fol-
lowing intramuscular administration. A small dose should be administrated first a hypersensitivity 
reactions can occur. Other side effects of intramuscular iron include local irritation and pain at the 
injection site. A simple formula provided on the web page at http://www.infed.com/calcltor.htm. can 
be used to determine the replacement dose of iron dextran.
Intravenous (IV) iron particularly useful in patients under anticoagulant or antiplatelet agent in whom 
intramuscular injections are contraindicated. Several IV iron preparations are available including iron 
gluconate, iron hydroxide sucrose complex and iron dextran. Dosage of IV form ranges from 1-4 mg/
kg per week. In patients, an initial test dose is given, if no adverse effects are noted, the remainder of 
the dose is administered over several hours. Adverse reactions from rapid infusion can include hypo-
tension, tachycardia, dyspnea, and anaphylactoid reactions. Several months of iron supplementation 
may be necessary for red blood cell parameters to return to normal, and thereby should be continued 
beyond normalization of red blood cell parameters as body iron stores take much longer to be reple-
nished [41].

Conclusion

Iron is a vital element for multiple metabolic functions, most notably oxygen transport by hemoglobin. 
Iron homeostasis depends upon regulated absorption of iron by the enterocyte, a highly specialized cell 
of the duodenum that coordinates dietary iron uptake and transport into the body. IDA typically deve-
lops following dietary factors, blood loss and intestinal causes after iron stores have been exhausted. 

http://www.infed.com/calcltor.htm
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Although several iron parameters have been studied for the diagnosis of IDA, ferritin remains the most 
reliable marker of IDA. However, it must be remembered that ferritin is increased during inflammation 
and infections and may not be helpful to estimate the IDA from inflammatory conditions. Other au-
thors have described “unconventional” markers such as hepcidin and sTfR, which have been used as 
research tools but not gained widespread acceptance in routine practice. With appropriate therapy, 
patients with IDA can have a good prognosis as long as the underlying disease can be addressed.
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