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Figure 126-2 Laboratory studies in the evolution of iron
deficiency. Measurements of marrow iron stores, serum ferritin, and
total iron-binding capacity (TIBC) are sensitive to early iron-store
depletion. Iron-deficient erythropoiesis is recognized from additional
abnormalities in the serum iron (SI), percent transferrin saturation, the
pattern of marrow sideroblasts, and the red blood cell (RBC) protoporphyrin level. Patients with iron-deficiency anemia demonstrate all
the same abnormalities plus hypochromic microcytic anemia. (From
RS Hillman, CA Finch: The Red Cell Manual, 7th ed. Philadelphia, F.A.Davis
and Co., 1996, with permission.)
range, hemoglobin synthesis is unaffected despite the dwindling iron
stores. Once the transferrin saturation falls to 15–20%, hemoglobin
synthesis becomes impaired. This is a period of iron-deficient erythropoiesis. Careful evaluation of the peripheral blood smear reveals
the first appearance of microcytic cells, and if the laboratory technology is available, one finds hypochromic reticulocytes in circulation.
Gradually, the hemoglobin and hematocrit begin to fall, reflecting irondeficiency anemia. The transferrin saturation at this point is 10–15%.
When moderate anemia is present (hemoglobin 10–13 g/dL), the
bone marrow remains hypoproliferative. With more severe anemia
(hemoglobin 7–8 g/dL), hypochromia and microcytosis become more
prominent, target cells and misshapen red cells (poikilocytes) appear
on the blood smear as cigar- or pencil-shaped forms, and the erythroid
marrow becomes increasingly ineffective. Consequently, with severe
prolonged iron-deficiency anemia, erythroid hyperplasia of the marrow develops, rather than hypoproliferation.
CAUSES OF IRON DEFICIENCY
Conditions that increase demand for iron, increase iron loss, or
decrease iron intake or absorption can produce iron deficiency
(Table 126-2).
CLINICAL PRESENTATION OF IRON DEFICIENCY
Certain clinical conditions carry an increased likelihood of iron
deficiency. Pregnancy, adolescence, periods of rapid growth, and an
intermittent history of blood loss of any kind should alert the clinician to possible iron deficiency. A cardinal rule is that the appearance
of iron deficiency in an adult male means gastrointestinal blood loss
until proven otherwise. Signs related to iron deficiency depend on the
severity and chronicity of the anemia in addition to the usual signs of
anemia—fatigue, pallor, and reduced exercise capacity. Cheilosis (fissures at the corners of the mouth) and koilonychia (spooning of the
fingernails) are signs of advanced tissue iron deficiency. The diagnosis
of iron deficiency is typically based on laboratory results.
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TABLE 126-2 Causes of Iron Deficiency
Increased Demand for Iron
Rapid growth in infancy or adolescence
Pregnancy
Erythropoietin therapy
Increased Iron Loss
Chronic blood loss
Menses
Acute blood loss
Blood donation
Phlebotomy as treatment for polycythemia vera
Decreased Iron Intake or Absorption
Inadequate diet
Malabsorption from disease (sprue, Crohn’s disease)
Malabsorption from surgery (gastrectomy and some forms of bariatric surgery)
Acute or chronic inflammation

LABORATORY IRON STUDIES
Serum Iron and Total Iron-Binding Capacity The serum iron level represents the amount of circulating iron bound to transferrin. The TIBC
is an indirect measure of the circulating transferrin. The normal range
for the serum iron is 50–150 μg/dL; the normal range for TIBC is
300–360 μg/dL. Transferrin saturation, which is normally 25–50%, is
obtained by the following formula: serum iron × 100 ÷ TIBC. Irondeficiency states are associated with saturation levels below 20%. There
is a diurnal variation in the serum iron. A transferrin saturation %
>50% indicates that a disproportionate amount of the iron bound to
transferrin is being delivered to nonerythroid tissues. If this persists for
an extended time, tissue iron overload may occur.
Serum Ferritin Free iron is toxic to cells, and the body has established
an elaborate set of protective mechanisms to bind iron in various tissue
compartments. Within cells, iron is stored complexed to protein as ferritin or hemosiderin. Apoferritin binds to free ferrous iron and stores
it in the ferric state. As ferritin accumulates within cells of the RE
system, protein aggregates are formed as hemosiderin. Iron in ferritin
or hemosiderin can be extracted for release by the RE cells, although
hemosiderin is less readily available. Under steady-state conditions,
the serum ferritin level correlates with total body iron stores; thus, the
serum ferritin level is the most convenient laboratory test to estimate
iron stores. The normal value for ferritin varies according to the age
and gender of the individual (Fig. 126-3). Adult males have serum
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Figure 126-3 Serum ferritin levels as a function of sex and age.
Iron store depletion and iron deficiency are accompanied by a
decrease in serum ferritin level below 20 μg/L. (From RS Hillman et al:
Hematology in Clinical Practice, 5th ed. New York, McGraw-Hill, 2011, with
permission.)
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