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Rapid, massive 
acute blood loss 
(i.e. giving birth) Celiac disease 

(villous atropy)

Ingesting competitors 
for iron-transport (i.e. 
calcium, lead, cobalt)

Lack of iron in the body, 
especially in bone marrow 
(largest body iron reserve)

Surgical resection of parts of GI 
tract where iron is preferentially 
absorbed (duodenum, jejunum)

Lactation

Small chronic bleeds (ex. 
menorrhagia, peptic ulcer, GI-tract 
cancer, ulcerative colitis, hemorrhoids

↑ pH (Iron needs acidic stomach environment to 
be converted to the more absorbable Fe2+ form):  
antacids, PPIs, achlorhydria (parietal cell dysfunction)

Rapidly growing kids 
and adolescents

Vegetarian/
Vegan diets

↑ iron loss (through lost RBCs)

Not enough iron to synthesize 
Heme → not enough hemoglobin

Insufficient hemoglobin → reduces 
synthesis of RBCs in bone marrow

↓ iron absorption ↑ need for more iron ↓ iron intake

Excessive 
blood 
donation

Ingesting plant metabolites 
that chelate iron (phytates, 
tannins, phenolics)

Pregnancy (fetus 
needs iron)

Affects CNS via complicated mechanism, 
triggers iron-seeking behavior

Less iron binds to apoferritin to be stored as ferritin

↑ Iron-scavenging proteins, to scrounge up any available iron

Less RBCs emerge from marrow into peripheral blood

↓ number of RBCs, ↓ the red color of blood

To ↑ O2 delivery to tissues, heart pumps more blood

Unknown mechanisms

↓ hemoglobin content of RBCs→ ↓ RBC cytoplasmic 
volume and makes their cytoplasms fainter in color

↓ hemoglobin means ↓ transport of oxygen to 
tissues, ↓ their metabolic function

Iron is a cofactor in collagen synthesis. Iron deficiency 
→ ↓ thickness of the white scleral collagen layer

Anemia
[Hemoglobin] < 120g/L (♀), 140g/L (♂)
(symptoms start < 70-90g/L)
Hematocrit < 0.37 (♀), <0.40 (♂)

Pica: cravings to eat non-nutritive 
substances (dirt, ice chips

Serum [Ferritin] < 40 ng/mL (not always the 
case since Ferritin is an acute phase reactant

High TIBC (Total Iron Binding Capacity of Transferrin) 
despite low serum free Fe (Fe/TIBC ratio < 18%)

Blue Sclera (Underlying blue choroid 
layer visible through white sclera

-Low Mean Corpuscular Volume (MCV): < 80 fL
-Hypochromia (on peripheral blood smear)

↓ hematocrit

Pallor (conjunctiva, palms, lips, nailbed)

Fatigue, Exercise intolerance, irritability

Tachycardia (↑ HR)

Koilonychia (spoon nails)
Angular stomatitis (fissures at corners of mouth
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Fetus makes HbF (α2γ2) which has very high 
O2 affinity; HbF takes O2 from mom’s HbA 
in placenta; no β-chains required

At 6mo, infant makes more HbA than HbF;  
β-chain gene mutations become apparent 

β0 mutations allow little 
or no β-chain synthesis 

varying β-chain deficit 
relative to α-chains

slight β-chain deficit 
relative to α-chains 

few or no β-chains 

• β0β0   
• β+β0   
• β+β+

• β0β   
• β+β 

β+ mutations allow 
reduced β-chain synthesis  

Mutations such as  βE  and βS 
preserve β-chain synthesis 
but alter function 

Normal adult hemoglobin (Hb) is 
• 96% HbA (ααββ = 2 α + 2 β chains) 
• 2% HbA2 ααδδ        
• 2% HbF ααγγ (fetal hemoglobin)
• 0% ααβ0β+ (superscripts show 

effect of mutation: 0 means no 
β-chains made; + means some 
β-chains made)

Beta thalassemia
one or both β genes mutated, 
reducing β-chain production

Hemoglobinopathy 
one or both β genes mutated, 
altering β-chain function 

β chain gene mutations may confer 
malaria resistance → heterozygotes 
enjoy positive selection pressure →
mutations persist over generations 

Heterozygous thalassemia-
hemoglobinopathies
• βEβ+  mild anemia
• βEβ0  thal intermedia

• βSβ+  mild anemia
• βSβ0  only sickle β-globin 

made, so sickle cell disease,  
frequent sickle crises, spleen 
infarction and involution 

Hemoglobinopathies with 
various presentations: 
• βEβ  HbE trait
• βEβE mild or no anemia 

• βSβ  sickle trait 
• βSβS  sickle cell  disease

Morbidity is due both 
to thalassemia and to 
ongoing, life-sustaining 
medical therapy 

Thal minor 
few or no symptoms; 
lab may show low MCV, 
low β-globin content 

Thal intermedia 
spans continuum from 
thal minor to thal major 

Thal major 
requires medical 
intervention to 
survive childhood
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Normal adult hemoglobin (Hb) is 
• 96% HbA (ααββ = 2 α + 2 β chains) 
• 2% HbA2 ααδδ        
• 2% HbF ααγγ (fetal hemoglobin)
• 0% ααβ0β+ (superscripts show 

effect of mutation: 0 means no 
β-chains made; + means some 
β-chains made)
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Few or no β-chains 
relative to α-chains

↑ overall hemoglobin synthesis  
cannot remedy α-chain excess, 
β-chain deficiency

Little or no HbA synthesis 

↑ HbF  ↑ HbA2 
on hemoglobin 
electrophoresis  

Excess α-chains 
precipitate in RBCs 
as inclusion bodies  

bilirubin deposits 
under skin → Jaundice

bilirubin deposits in gallbladder 
→ Symptoms of Gallstones
*see page on gallstones

Treated with RBC 
Transfusions

Treated with Fe chelation 
(Chelators bind Fe, and are 
then excreted in urine)

spleen traps these 
abnormal RBCs → 
splenomegaly

Hematopoiesis 
in liver causes  
hepatomegaly 

Hematopoiesis in other 
bones causes skeletal 
deformities
• frontal bossing  
• maxillary overgrowth
• hair-on-end appearance 

on skull x-ray 

Severe microcytic 
anemia

Pancreas: ↓ insulin 
secretion, causing symptoms 
of diabetes mellitus

Joint deformity

Heart: Symptoms of 
↓ systolic function, 
heart failure 

Stigmata of cirrhosis
*see pages on liver 
disease 

↑Fe absorption in 
gut to support ↑ 
erythropoiesis 

Hematopoiesis becomes 
so widespread in the 
body that it becomes 
“extramedullary,” i.e. 
RBCs are made outside 
femur and thymus

structurally abnormal 
RBCs phagocytosed by 
macrophages in the spleen

Transfusions add 200 mg Fe 
per 200 mL packed RBCs = 
10-15 g of Fe annually 

Fe deposits in organs  → 
progressive organ toxicity

degraded heme is 
released as bilirubin into 
blood by macrophages → 
hyperbilirubinemia

Excess Fe in body 
cannot be eliminated

slows  
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Normal adult hemoglobin (Hb) is 
• 96% HbA     (ααββ = 2 α + 2 β chains) 
• 2% HbA2 ααδδ        
• 2% HbF ααγγ (fetal hemoglobin)
• 0% ααβ0β+ (superscript = mutation)
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Mild shortage of β-chains 
relative to α-chains 

↑ overall hemoglobin 
synthesis to compensate 

Less HbA synthesis 

Excess α-chains 
precipitate in RBC 
precursors and in RBCs 
as inclusion bodies

bilirubin deposits under 
skin → Jaundice

Mild microcytic anemia
↑ HbF  ↑ HbA2 
on hemoglobin 
electrophoresis  

structurally abnormal 
RBCs phagocytosed by 
macrophages in the spleen

degraded heme is released 
as bilirubin into blood by 
macrophages → hyperbilirubinemia
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