Iron Deficiency Anemia
Iron distribution:  60% in Hb, 30% in ferritin and hemosiderin, 0.1% in transferrin.

Iron absorption:  absorbed in the upper small intestine.  Most iron is not bioavailable.

Iron transport:  transported by HFE into mucosal cells where it binds apotransferrin.  This creates 
transferrin, which transports iron to bloodstream attached to transferrin.
Iron uptake:  serum transferrin binds cells with transferrin receptors (TfR), such as RBC 
precursors, and unloads iron.
Iron storage:  ferritin protein forms a basket that stores many iron atoms intracellularly.  It is 
found in serum in small amounts that are proportional to stored ferritin.  This is used to 
estimate iron stores.  Hemosiderin is a form of ferritin.  Ferritin is found in macrophages 
of the RE system (liver, spleen, marrow).  These macrophages destroy old RBC and store 
iron as ferritin or hemosiderin, and also release it back into blood as transferrin.
Iron loss:  humans have NO physiologic means to excrete excess iron.
Iron Deficiency Anemia
If iron is depleted, heme biosynthesis, hemoglobin assembly, and RBC production all decrease.
Red cells appear microcytic (low MCV) and hypochromic (low MCH).
The two main responses to iron deficiency are increased absorption, decreased ferritin, and 
increased transferrin.  Here’s how that happens:

Normally, transferrin mRNA is unstable and little transferrin protein is made.  Ferritin stores 
iron, which is used by ALA synthase to make heme.
When iron is low, IRP1 and IRP2 lose their iron atoms and become activated.  These are post-
translational regulator proteins. 


--Both bind to the iron response element in transferrin’s mRNA, which stabilizes it, leading 
        to increased transferrin.  So iron transport improves.

--Both also bind to iron response elements in ferritin and ALA synthase mRNA, leading to 
        decreased ferritin and heme production.  So iron storage and utilization decrease.
IRP1 is actually the TCA-cycle enzyme aconitase-1, and induces iron transport partly for its own use.
(Raymond removed image depicting aconitase mechanism.  Tn iron-deficient state, aconitase-1 becomes active (it is the IRP), and binds to and stabilizes transferrin mRNA but binds to and destabilizes ferritin and ALA synthase mRNA.  This leads to increased transferrin levels but decreased ferritin and heme levels.)

(Raymond removed image depicting effects of iron deficiency: increased iron absorption, decreased ferritin, increased transferrin and transferrin receptor, macrophage destruction of erythrocytes, and microcytosis and hypochromia.)

Pathogenesis of iron deficiency:

--recurrent/chronic blood loss, especially from ulcers or trauma

--rapid growth that outstrips iron intake


--menstruation, pregnancy, lactation


--GI disease in infants due to excessive cow milk, which causes inadequate iron intake

Clinical features of iron deficiency anemia:

--pica or pagophagia

--smooth tongue


--cracking at corners of the mouth, brittle fingernails
Tests for iron deficiency:

--peripheral blood smear  (RBC will be microcytic, pale, oval-shaped, and vary in size)


--red cell indices (look for low MCV, MCH, Hb, Hct, reticulocyte count)


--serum ferritin (this will be low and is a good indicator)


--iron:transferrin ratio (this will be low)

Sequence of changes:


1.  Serum ferritin declines


2.  Transferrin saturation declines (although total transferrin increases)

3.  Erythrocytes become microcytic, hypochromic (at this point it becomes true anemia)
Therapy for iron deficiency:


--Vitamin C increases iron absorption.

--Cereal grains, tannins, and antacids inhibit iron absorption.

--Hb and Hct will take 2 months to return to normal.  Iron stores will take 5 months.

Differential diagnosis of iron deficiency anemia:

--Thalassemia

--*Anemia of Chronic Disease (ACD).  Iron stores, ferritin, and transferrin will all be 


normal, but functional utilization will be decreased.  



Causes of ACD include chronic infections, autoimmune diseases, and malignancy.


ACD occurs because IL-6 is released during inflammation.  IL-6 induces 



hepatocytes to release hepcidin, which inhibits iron absorption in the gut and iron 


release from macrophages.


Distinguishing iron deficiency from ACD is tough.  The best way is a bone 


marrow iron staining test, which will be reduced in iron deficiency (gold standard 

for diagnosis) and normal in ACD.


(Raymond removed images of effect of iron deficiency and inflammation on ferritin, serum iron, TIBC, sTfR, and marrow iron.  Also removed image of iron absportion in the intestine.)
Iron Overload Syndromes (remember, we can’t excrete iron)
These syndromes most often affect heart, liver, and endocrine glands.


--Transfusional hemochromatosis is treated with chelation.


--Hereditary hemochromatosis is treated with phlebotomy.  It is due to over-absorption of 

iron in the gut, and will show high ferritin and low transferrin.















