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at time of publicationAnemia of 
Chronic Disease

Acute 
Bleeding

Splenomegaly

↓ RBC production ↑ RBC Destruction/Elimination

Aplastic anemia: hypo-
proliferation of bone 
marrow RBC precursors

Hemolysis  (infection, 
autoimmune, RBC 
structural defects)

RBCs that ultimately end up in the blood are 
still qualitatively normal/functional; there’s 
just a quantitative shortage of these RBCs in 
the blood relative to body needs

Normocytic Anemia: 
[Hgb] <120g/L in females, <140g/L 
in males, with the RBC mean 
corpuscular volume (MCV) still within 
the normal range: 80-100 fL

Spurious/False normocytic anemia
Any fluid overload state (pregnancy, heart 
failure, kidney disease, etc) can ↑ plasma 
volume, which can dilute RBCs and cause 
apparent anemia, but the mean volume of 
each RBC is still normal

↑ RBC Sequestration 
within enlarged spleen

Reduced oxygen-
carrying ability of blood

Heart needs to 
work faster to pump 
sufficient oxygenated 
blood to tissues

Patient feels oxygen-
deprived, needs to 
inhale more oxygen as 
compensation

Not enough oxygen 
being delivered to body 
tissues, including brain

Reduced absolute number 
of RBCs means less RBCs 
to color the blood red 

Normocytic Anemia

↑ HR FatigueDyspnea (shortness of breath)
↑ Respiratory rate (RR)

Pallor (especially 
conjunctival and palmar Note: 

Other signs and symptoms 
exist for normocytic 
anemia, and are etiology-
specific!
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at time of publicationChronic disease (i.e. infections, autoimmune conditions, 
malignancies, metabolic diseases, heart failure)

Release of inflammatory cytokines 
(ie. IL-1, IL-6, TNF-) 

Hepcidin inhibits  iron-transporter proteins 
on macrophages and enterocytes

Still sufficient levels of iron available 
to fill whatever RBCs there are with 
normal amounts of hemoglobin

↓ erythropoiesis (RBC 
synthesis) in the bone marrow

↓ release of iron from 
macrophage stores 
(reticuloendothelial system)

IL-6 stimulates liver to produce hepcidin
↓ Erythropoietin 
(EPO) production and 
release from kidneys

↓ Bone marrow 
response to 
erythropoietin (EPO)

↓ heme synthesis

↓ absorption of 
iron from the gut

Normocytic anemia

One theory to explain why “anemia of 
chronic disease” exists: 

The inflammatory cytokine response 
to chronic disease serves an adaptive 
evolutionary purpose.

Bacteria often require iron as a nutrient for 
survival. The body’s ability to lock up iron 
stores in times of potential infection may 
help to inhibit bacterial growth. 

Long-term, however, it results in anemia. 
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Ex. Sickle Cell Disease: Point 
mutation in Hemoglobin (Hgb) 
structure (Glu → Val)

Ex. Hereditary Spherocytosis: 
mutation causing deficiency 
of RBC structural proteins like 
ankyrin or spectrin

Artificial heart valve Autoimmune 
processes

Infection  triggers 
immune system 
activation

Inappropriate Hgb polymerization 
in low oxygen environments due 
to mutation → RBC becomes 
rigid, and forms a sickle shape

Production of  abnormal 
antibodies and immune 
complexes specific targeted 
against RBC surface antigens

Immunoglobulin-bound 
RBCs are marked for 
destruction by the immune 
system  (by either the cell-
mediated or complement-
mediated pathways)

RBC membranes become 
weakened and form blebs 
that break off

DIC (fibrin 
deposition 
blocking 
blood vessels)

TTP/HUS
(abnormal 
platelet 
aggregation, 
blocking blood 
vessels)

Sickled RBC is less flexible (cannot 
properly travel through capillaries) 
→ cannot withstand shear stress → 
mechanical hemolysis

↓ RBC surface area  while 
volume remains constant 
→ RBC becomes spherical 

Spherocytes in the spleen trapped 
and become phagocytosed by 
splenic macrophages (extravascular 
hemolysis)

RBCs are sheared 
when they flow past 
an abnormal  surface

Defects in RBC internal contents 
(thalassemia, hemoglobinopathies, 
and metabolic defects):

Defects in RBC membranes: Defects in the RBC’s environment:

Rate of hemolytic RBC destruction >
Rate of bone marrow RBC synthesis (reticulocytosis)

↓total number of RBCs in the body (despite 
normal RBC production/normal RBC volume)

Normocytic anemia

Notes:
Extreme bone marrow  
compensation for hemolysis 
(↑ RBC synthesis/ 
reticulocytosis) may result in 
slightly macrocytic anemia 
(because reticulocytes have 
larger volumes than RBCs)
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at time of publicationHemolytic Anemia

All the general signs 
and symptoms of 
anemia will be present

Hemolysis of RBCs produces so 
much unconjugated bilirubin 
that it overwhelms the liver’s 
bilirubin-conjugation system

In instances of intravascular 
hemolysis, RBC lysis can release 
hemoglobin into the plasma

Excess unconjugated 
bilirubin, a yellow 
molecule, spills  into the 
blood (hyperbilirubinemia)

Some free hemoglobin 
can be filtered out of the 
plasma by the kidneys

Hemoglobinemia 
(red plasma, revealed 
after centrifugation of 
blood sample

Hemoglobinuria
(red urine)

JaundiceScleral icterus

↑ HR
Dyspnea (shortness of breath)
↑ Respiratory rate (RR)
Fatigue
Pallor

Splenomegaly

Unconjugated 
bilirubin deposits in 
the sclera of the eyes 

Unconjugated 
bilirubin deposits 
in the skin

In some instances, trapping 
of deformed RBCs in the 
spleen enlarges the spleen
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