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General causes:

CINutritional

deficiency

C1Chronic inflammation

[1Bone marrow failure
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[IMostcommon type of anemia

[CJAffects 10%of people in developed countries and 25-50%of
people in developingcountries

CIlron storage pool: iron is stored in ferritin (soluble) and
hemosiderin (insoluble) in bone marrow, liver and spleen,
forming 15-20%of total iron

[THemosiderin consistsof large iron particles, granular in shape,
intracellular, visible by light microscope

(1Serumferritin is derived from stored ferritin

[1Serum iron is transported by transferrin, normally only one
third of transferrin is saturated by iron
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[IBone marrow aspirate: earliest changes,invasive procedure,
P e r Rrussianblue stain (Zin IDA)

CSerumferritin level (Zin IDA)*

CJSerumiron level (Zin IDA)

CITotal iron binding capacity (yin IDA)
[JReticulocyte hemoglobin content (CHr): (Zin IDA)
[IMeanreticulocyte volume (MRV):(Zin IDA)

* Affected by inflammation (increased)



Aspirate of normal bone
marrow (BM): bluish-black iron
(haemosiderin) in macrophages in a
fragment. Perls’ stain x40.

Aspirate of normal BM:
, a fragment with no stainable iron.
o . : S . " - Perls' stain x40.
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[ONormal loss of body iron: shedding skin and mucosal
epithelium (no excretion)

[IDietary iron is either hem (red meat) or non-hem (inorganic,
vegetarian)

12 0%of hem and 1 % of non-hem iron are absorbedin
duodenum
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[IHepcidinhormonesecretedfrom liver,inhibitsiron absorption
(degradderroportin on enterocytes)

[OJHepcidin hormone is positively regulated by HFE protein on
hepatocytes, which is activated when serum iron level rises

[JHepcidin hormone is also positively regulated bg |lwhich increases
In inflammation

[IHepcidin is negatively regulated by erythroferrone, a hormone
secreted by erythroblasts in bone marrow

[ILowhepcidiniron deficiencyWerylow:thalassemianajor (high
erythroferrone) primaryhemochromatosis(defective HFE)
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CJChronic blood loss
[IDietary: vegetarians, infants, teenagers

[IDecreasedabsorption: gastrectomy, hypochlorhydria, intestinal
diseases,elderly

[JIncreaseddemands: growing children, pregnancy,
myeloproliferative neoplasms

[JHypotransferritinemia: decreased synthesisof transferritin,
secondary to liver disease, protein deficiency (diet,
malabsorption) or lossin urine (nephrotic syndrome)

[JEnzymatic deficiency



MORPHOLOGY

[IRBCsppear small and empty (hypochromic microcytic)
[CIDifferent shapesof RBCsappear (poikelocytosis)
COTarget cells

CILow reticulocytes (Erythropoietin is high, but ineffective)

COThrombocytosisis common (low iron medium in bone marrow

shifts progenitor cells to megakaryocytic lineage instead of
erythroid)



CIDA: note the hypochromia and poikelocytosis



CIDA: note the target cells (arrow)



SYMPTOMS

CJIDAIs a chronic anemia
[JGeneral symptomsof anemia
[1Pica

[1Glossitis, stomatitis
[1Spooningoffingernails
[1Restlessleg syndrome

[1Hair loss

[O1Blue sclera
[OWeakenedimmunity
[JCognitive impairment
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JAlso called anemia of chronic disease

[1Seenin chronic infections, cancer, chronic immune diseases

CJCommon in hospitalized patients

OHigh IL-6 A high hepcidin A blocks iron transfer from
macrophagesto RBCprecursorsin bone marrow (degrade
ferroportin onmacrophages). Also suppress
erythropoietin secretion from kidneys
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CISimilar to IDA:serum ron is low
[ORBCsnormal morphology, then hypochromic microcytic
[JReticulocytes Z

In contrast:

[1Bone marrow iron storesy
C0Serum ferritin y
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[1Causedby deficiency in vitamin B1l2or folate

[1Both are required for synthesisof thymidine, thus DN Areplication
IS Impaired

[JAbnormalities occur in all rapidly dividing cells, but hematopoietic
cells are most severely affected

[IMaturation of RBCprogenitors is deranged, many undergo
apoptosisinside bone marrow (ineffective erythropoiesis, mild
hemolysis)

[1Viable nucleated RBCgake alonger time to mature, resulting in
typical morphology (megaloblastoid)
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CINormally, minimal amount of folate is stored in human body

[IFolate is vastly present in food (green leaves), but it is destroyed by
cooking

Causesof deficiency:

[1Decreaseddietary intake

CJIncreased demands (pregnancy, chronic hemolytic anemia)
Clintestinal diseases

[1Beans,legume, alcohol, phenytoin (inhibit absorption)

[IMethotrexate: inhibits folate metabolism and cellular usage



VITRMIN BI12

COMainly present in animal products

[JResistant to cooking

[0Synthesizedby bacteria in bowel

CJEnormousstores in the liver

[IDietary deficiency occurs most commonly in vegetarians

[IMore commonly: deficiency results from defective absorption
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CJAutoimmune gastritis

[JAutoreactive T-lymphocytes, causinginjury to parietal cells

CJActivates B-lymphocytes and plasma cells to synthesize and
secrete auto antibodies that further damage parietal cells, and
blocks binding of vitamin B12to intrinsic factors



DEFICIENCY

CJGastrectomy
COSmallbowel diseases(malabsorption)

CJElderly people are susceptible (decreased gastric acids and
pepsin, thus decreasedrelease of vitamin B12from food)

CIMetformin (inhibits absorption)



nl'l‘]‘l"l"l'l'l'\ n 'i“h'l'i'l]'l'l'i'n'h'l'ﬂ n'l'l i

Recycling of tetrahydrofolate
[1Synthesisof myelin sheath
[1Synthesisof neurotransmitters (dopamine, serotonin)
[1Metabolism of homocysteine (toxic to neurons)

[IDegree of neuronal damagedoesnot correlate with the degree
of anemia



