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Abstract 
 
Background: Iron (Fe) metabolism is dependent on heme biosynthesis in bone marrow 
erythroblasts and is strictly controlled. Failure of this process induces to absolute or functional 
iron deficiency anemia (IDA), which is common in general medical practice. 
Aim: This study summarizes the Fe role in normal and disturbed erythopoietic process and 
focuses on current biochemical indicators and available therapeutic options for Fe imbalance. 
Methods: A systematic review in PubMed, MedLine and MDConsult database was conducted. The 
research limits included English abstracts and full texts, referring to erythropoiesis, anemia and 
Fe during the last decade. 
Results: Erythrocyte delivers oxygen to the tissues, so the primary consequence of anemia is 
tissue hypoxia. Oxygen-sensing cells in kidney respond to hypoxia by increasing erythropoietin 
(EPO), the basic regulatory hormone of erythropoiesis. Fe is an essential micronutrient for 
adequate erythropoietic function. Anemia of chronic disease (ACD) and IDA are characterized by 
disturbances in Fe homeostasis. In addition, inflammatory disorders and renal insufficiency are 
complicated by severe depression of EPO levels. Red cell indices (hemoglobin, mean cell 
hemoglobin) and biochemical markers (ferritin, transferrin saturation and receptors) reflect 
hemoglobin biosynthesis and iron pathways. The therapy of underlying disease is essential in IDA 
and ACD, whereas adjuvant procedures are red blood cells transfusion, erythropoietic agents and 
Fe supplementation.  
Conclusion: The approach of Fe-deficient patient is complex and based on wide range of clinical 
and laboratory findings. The precise evaluation of them is critical for diagnosis and management 
modalities. 
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1.Introduction 
 

rythropoiesis is a part of the larger 
process of hemopoiesis, which first 
appears in the yolk sac at around day 21 

of gestation. The multipotent hemopoietic 
stem cell gives rise to progeny cell lineages 
that become committed to a single cell type 
e.g. erythrocytes 1.  

 

 
 
Erythroid cells are found in 

multilineage colonies, CFU-GEMM, which 
include granulocytes, macrophages and 
megakaryocytes. The first truly committed 
erythrocyte progenitor is a cell lineage 
called burst-forming unit-erythroid (BFU-E). 
The later stage, colony-forming unit-
erythroid (CFU-E), is a more mature cell and 
differentiates into proerythroblasts and 

E
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erythroblasts. The reticulocyte gives rise to 
the mature enucleated erythrocyte, after 
one day of circulation in the peripheral 
blood. Through differentiation nucleoli 
disappear, nucleus condenses and finally 
extruded, the cell size is reduced and large 
amounts of hemoglobin (HGB) are 
synthesized 2. 

A primary function of erythrocytes is 
to transport oxygen from the lungs to the 
tissues and organs in the body. This means 
that red cell mass represents the oxygen-
carrying capacity of the body. The normal 
red blood cell lifespan is 120 days and in a 
normal adult the daily turnover exceeds 1011 
cells 3, 4. The balance, between the loss of 
mature red cells and new production, is 
maintained by an oxygen-sensing system, 
which responds via erythropoietin (EPO) 
production. Cytokines, growth factors, 
hormones, interactions with stromal cells in 
the bone marrow and elements, such as iron 
(Fe), folate and vitamin B12, are involved in 
control mechanisms of the process. 
Abnormalities in any of these factors can 
affect red cell mass, resulting in anemia or 
erythrocytosis 5. 

EPO is a glycosylated hormone, 
produced primarily in the kidney peritubular 
cells, although small amount is produced by 
the liver. The EPO gene is under the 
regulation of the hypoxia inducible factor 1α 
(HIF-1α). During hypoxia the α-subunits of 
HIF-1 are heterodimerized with HIF-1β and 
activate the hypoxia-response genes, 
including EPO gene 6. EPO interacts with its 
receptor (EPO Receptor, EPOR) on the 
surface of erythroid progenitor cells in the 
marrow. This promotes the activation of 
several transduction pathways (STAT5, 
Ras/MAP kinase and PI3 kinase) and the 
production of red blood cells. The EPOR 
appears for the first time in BFU-E cells and 
continued stimulation with EPO triggers 
differentiation into erythroblasts. 
Reticulocytes and mature erythrocytes do 
not express EPOR and are not sensitive to 
EPO action 3, 4.  

 
2.Iron physiology 

The presence of Fe is essential for 
erythropoiesis, contributing to HGB 
production at the later stages of erythroid 

differentiation. Approximately 200 billion 
new red blood cells are generated daily, 
requiring 20-25mg of Fe. A normal western 
diet provides 15mg Fe daily, from which only 
1mg (or 5-10% of dietary Fe) is absorbed to 
the portal blood. The main source of the Fe, 
used by developing red cells precursors, is 
from senescent red cells, which are 
phagocytosed by reticuloendothelial 
macrophages 3, 4, 7. 

Food Fe is found in three forms: 
ferrous (Fe+2), ferric (Fe+3) and heme. Fe is 
absorbed in the proximal duodenum by 
enterocytes. The heme Fe is readily 
absorbed, whereas ferric Fe is reduced to 
ferrous before entering to enterocyte. This 
stage is facilitated by the divalent metal 
transporter (DMT). In the enterocyte is either 
incorporated into ferritin and sloughed with 
aging enterocyte or is transported through 
basolateral surface of the enterocyte, 
through a tubular transmembrane protein, 
ferroportin and eventually enters the 
bloodstream. Transferrin is a polypeptide, 
which transports Fe from enterocytes or sites 
of Fe stores to the developing erythroid 
cells. The uptake of Fe from transferrin 
requires the interaction with its receptor 
(TransFerrin Receptor, TFR) 8, 9, 10.          

The hepcidin is a peptide which is 
predominantly expressed in the liver and has 
a major role in regulation of Fe absorption in 
gastrointestinal tract and Fe availability from 
reticuloendothelial system (RES). Hepcidin 
exerts its action by binding to ferroportin, 
causing its downregulation and removal from 
the cell surface. The Fe status, the 
inflammation and the erytrhopoiesis itself 
are regulator factors of hepcidin production 
11. In fact, body’s Fe needs and stores control 
the production of the molecule in a process, 
which involves the hemochromatosis gene 
HFE, the TFR2 and the hemojuvelin. Fe 
overload and inflammation increase hepcidin 
production, whereas ineffective 
erythropoiesis and tissue hypoxia cause a 
decrease in hepcidin synthesis 12, 13. 

 
3. Anemia 

Anemia is a syndrome, resulting from 
a reduced red cell mass more than two 
standard deviations from the mean for age, 
gender and race. In many studies the anemia 
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is defined according to World Health 
Organization (WHO) criteria (HGB<13gr/dl 
for male and <12gr/dl for female), suggested 
nearly 40 years ago. Nowadays, the 
definition of “the lower limit” of HGB is an 
issue of interest because of its normal 
variability and its significance in outcome of 
several disorders. The anemia is a result of 
impaired erythrocyte production, increased 
rate of erythrocyte destruction, immunologic 
disorders, nutritional deficiencies and a 
broad spectrum of systemic diseases 14. 

The clinical manifestations of anemia 
are due to impaired tissue oxygenation. 
Compensatory mechanisms, such as 
peripheral vasodilation, increased cardiac 
output, changes in oxygen-HGB dissociation 
curve and shunting of blood to critical organs 
(heart and brain), maintain the oxygenation. 
This explains why the anemia usually is 
recognized by abnormal laboratory screening 
tests.  Few symptomatic patients usually 
complain for fatigue, shortness of breath and 
tachycardia. In severe acute anemia, due to 
blood loss or hemolysis, patients may be 
unable to compensate and confusion, air 
hunger, sweating, hypotension and 
tachycardia are prominent 15.    

In practice, the cause of anemia is 
not readily apparent and the efforts of 
further investigations are guided by patient’s 
past medical and family history, clinical 
features, complete blood count, reticylocyte 
count (REC), red cell indices (Mean Cell 
Volume, MCV; Mean Cell HGB, MCH; Mean 
Cell HGB Concentration, MCHC) and red cell 
morphology in blood films. More specific 
tests are conducted according to diagnostic 
suspicion. These include Fe status, HGB 
synthesis, folate or vitamin B12 levels, 
hereditary defects of red cell membrane and 
enzymes and other hemolytic mechanisms 16.    

 
3.1 Iron Deficiency Anemia (IDA) 

The most common anemia worldwide 
is IDA, which is suspected from the presence 
of hypochromic and microcytic erythrocytes. 
The iron deficiency (ID) is a result of 
disrupted balance between Fe absorption, Fe 
transport and Fe storage in human body. The 
three distinct mechanisms are: (a) increased 
Fe requirements (e.g. use of rhEPO, 
pregnancy, and post-bleeding recovery), (b) 

defective Fe intake (e.g. malnutrition) or 
malabsorption (e.g. inflammatory bowel 
disease) and (c) increased blood loss (e.g. 
menorrhagia, hemorrhoids, and peptic 
ulceration and bowel tumors). Absolute ID is 
a term, used in case of depleted Fe stores. In 
functional ID, Fe stores are replete, but 
cannot be mobilized as fast as necessary 
from the RES to the bone marrow (e.g. 
anemia of inflammatory disease) 10. The 
definitive diagnosis of IDA highlights the 
need of causative investigation. 

Diagnostic methods for Fe status 
assessment include: (a) Fe stores (ferritin), 
(b) tissue Fe supply (serum Fe; total iron 
binding capacity, TIBC; transferrin 
saturation, TSAT; soluble TFR, sTFR), (c) 
functional Fe (HGB, MCV, MCH). In clinical 
practice, a combination of laboratory 
parameters is usually required, since no 
single measurement is ideal for all cases. 

Normal HGB level does not exclude 
ID. Increased Fe absorption and mobilization 
from body’s stores occur in a state of 
negative Fe balance. The main laboratory 
finding is low ferritin level in absence of 
inflammation (CRP<0.5 mg/dl), whereas 
serum Fe, MCV and MCH are still normal. 
Ferritin belongs to acute phase reactant 
proteins, so in inflammatory disorders 
normal ferritin level does not exclude ID. In 
this case, the investigation includes TSAT, 
which reflects the Fe availability to erythroid 
precursors.  

  In frank IDA the patient 
presents with low HGB, ferritin and serum 
Fe, serum TIBC rises, TSAT is usually less 
than 20%, MCV and MCH are reduced. The 
absence of microcytosis is possible, when 
vitamin B12 or folate deficiency coexists. 
The REC is low for the degree of anemia. The 
levels of soluble TFR (sTFR) are usually high, 
but rarely used for diagnosis of 
uncomplicated IDA 2, 17.  

 
3.2 Anemia of chronic disease (ACD) 

Anemia is a frequent complication in 
systemic diseases (e.g. chronic infections, 
chronic inflammatory disorders, malignant 
diseases, congestive heart failure and 
chronic renal failure). Activation of immune 
mechanisms results in impaired red cells 
lifespan and proliferation, relative low levels 
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of EPO, reduced response of erythroid cells 
to EPO and disturbances of Fe homeostasis 8.  

This type of anemia is usually 
normochromic or mildly hypochromic and is 
characterized by low serum Fe with 
adequate RES stores and reduction of Fe 
granules in marrow erythroblasts. Hepcidin 
levels are up-regulated in inflammation by 
several cytokines, including interleukin 6 (IL-
6), IL-1 and tumor necrosis factor α (TNF-α). 
Hepcidin binds to ferroportin and leads to its 
internalization and degradation. This 
decreases Fe absorption in gut and blunts Fe 
mobilization from store sites in hypatocytes 
and macrophages.  

The laboratory findings include high 
CRP levels, HGB<13gr/dl for males and 
<12gr/dl for females, TSAT<20%, normal or 
high serum ferritin concentration and 
sTFR/log ferritin ratio<1. In case of ID 
coexistence, serum ferritin concentration is 
lower than 100ng/ml and sTFR/logferritin 
ratio>2 17, 18, 19. Measurement of intrinsic EPO 
levels is useful in cases with HGB< 10g/dL, 
because in mild anemia the EPO remains in 
normal range 20. 

With further validation, hepcidin may 
be used as a marker for diagnosis of ACD 
with or without ID. Patients with ID co-
existence have lower hepcidin level, than 
those with normal Fe values, maintaining the 
ability of dietary Fe absorption and 
mobilization from macrophages 21, 22. 

 
3.3 Anemia of chronic renal disease (ACRD) 

Patients with acute or chronic failure 
develop anemia, which is associated with the 
loss of normal inverse linear relation 
between plasma EPO and HGB concentration, 
the existence of erythropoietic, diminished 
red cell survival, the deficiency of Fe and 
folate in dialysis patients. In acute 
conditions, the anemia is strongly related 
with the causative factor e.g. sepsis, 
microangiopathy 2, 23. 

Anemia is normochromic and 
normocytic with the presence of 
ecchinocytes in the blood film. The REC is 
normal or slightly low and the bone marrow 
shows normoblastic erythropoiesis.  

Recombinant human EPO (rhEPO) is 
used systematically for ACRD. Concomitant 
Fe therapy is usually required, due to ID or 

impaired mobilization from store sites. 
Deficiency of Fe, cobalamin or folate, 
hemolysis, infections, occult malignancies, 
aluminium toxicity and hyperparathyroidism 
are the main causes of reduced response to 
EPO therapy 23. 

 
4. Treatment options 

Treatment of the underlying disease 
is the gold standard in anemia with Fe 
disturbances. Many studies show 
improvement in HGB level only by the 
limitation of bleeding sites and reduction of 
harmful cytokine levels (24). Nevertheless, 
when this strategy is not feasible, alternative 
supportive care is necessary. 

 
4.1 Transfusion medicine 

Transfusion of red blood cells is used 
as a rapid and effective intervention in cases 
of severe anemia (HGB<7gr/dL), active 
bleeding, and life-threaten comorbidities 
(e.g. coronary disease, heart and respiratory 
failure). 

Generally, long-term transfusion 
practice is not recommended in anemic 
patients with Fe imbalance, because of 
transfusion-associated complications, such as 
viral infections, sensitization, febrile 
reactions and Fe overload. 

 
4.2 Erythropoiesis Stimulating Agents 

Therapy with rhEPO has been used 
successfully to treat ACRD, ACD and anemia 
associated with cancer and AIDS. The 
improvement of performance status and 
quality of life in these situations is obvious.  

Nowadays, there are several 
erythropoietic agents with different 
circulating half-life according to the pattern 
of glycosylation or pegylation of EPO 
molecule. Longer terminal half-life permits 
the administration of erythropoietic agents 
in more extended intervals 3. Several clinical 
studies have investigated different dosing 
schedules (once weekly, once every two or 
three weeks and once monthly) across 
different clinical setting 25. Notably, in 
patients with myelodysplastic syndrome, 
endogenous EPO level less than 200u/L 
correlates with better response rate. 

Few data are available concerning 
possible adverse effects of long-term 
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erythropoietin administration on the course 
of underlying chronic disease 26, due to the 
expression of EPOR in some malignant cell 
populations 27. For example, the drug led to 
the myeloma regression in murine models, 
whereas promoted the proliferation in 
human renal carcinoma cells 28, 29. 

 
4.3 Iron supplementation 

Ferrous sulfate and ferrous gluconate, 
the most common oral preparations, have 
been used in IDA in the recommended dose 
of 150mg of elemental Fe daily. The 
responders increase the HGB level 1gr/dL 
within about two weeks.  Treatment should 
be continued for two to three months after 
anemia correction, to fulfill Fe stores 30. 
Poor absorption or noncompliance highlights 
the need of parenteral Fe administration. 
Common parenteral agents are Fe sucrose 
(VENOFER®), Fe dextran (COSMOFER®) and 
more recent ferric carboxymaltose 
(FERRINJECT®).    

Supplementation with Fe agents is 
controversial in ACD, because Fe is an 
essential nutrient for microorganisms and 
tumor cells 31. In addition, in some chronic 
diseases (e.g. rheumatoid arthritis) Fe 
therapy is implicated in the formation of 
toxic radicals. Nevertheless, Fe 
supplementation is recommended in patients 
with absolute ID and in those receiving 
erythropoietic agents with poor response due 
to the developing functional ID 32.   

 
Conclusion 

 
Erythropoiesis and Fe homeostasis are 

tightly controlled processes resulting to red 
cell production. Fe is an essential metal 
micronutrient and is distributed mainly 
within erythrocytes HGB. Conditions, that 
disturb this process and the balance between 
red cell production and destruction, provoke 
anemia. Anemia is an indicative syndrome of 
an underlying disease. The commonest type 
of anemia worldwide is IDA, which usually 
complicates ACD. In the absence of 
inflammation, ferritin alone provides the 
diagnosis of absolute ID. In ACD, the 
combined use of laboratory tests, such as 
ferritin, TSAT and sTFR, is mandatory for 
evaluation Fe status. Therapeutic modalities 

are conducted according to clinical and 
laboratory findings, ranged between 
causative management and indicative care. 
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