Anemias
requirement, which is 50 to 200 µg daily. Most normal diets
contain ample amounts. The richest sources are green vegetables such as lettuce, spinach, asparagus, and broccoli.
Certain fruits (e.g., lemons, bananas, melons) and animal
sources (e.g., liver) contain lesser amounts. The folic acid
in these foods is largely in the form of folylpolyglutamates.
Despite their abundance in raw foods, polyglutamates are
sensitive to heat; boiling, steaming, or frying of foods for 5
to 10 minutes destroys up to 95% of the folate content.
Intestinal conjugases split the polyglutamates into monoglutamates that are readily absorbed in the proximal
jejunum. During intestinal absorption they are modified to
5-methyltetrahydrofolate, the normal transport form of
folate. The body’s reserves of folate are relatively modest,
and a deficiency can arise within weeks to months if intake
is inadequate.
Decreased intake can result from either a nutritionally
inadequate diet or impairment of intestinal absorption. A
normal diet contains folate in excess of the minimal daily
adult requirement. Inadequate dietary intakes are almost
invariably associated with grossly deficient diets. Such
dietary inadequacies are most frequently encountered in
chronic alcoholics, the indigent, and the very old. In alcoholics with cirrhosis, other mechanisms of folate deficiency
such as trapping of folate within the liver, excessive urinary
loss, and disordered folate metabolism have also been
implicated. Under these circumstances, the megaloblastic
anemia is often accompanied by general malnutrition and
manifestations of other avitaminoses, including cheilosis,
glossitis, and dermatitis. Malabsorption syndromes, such
as sprue, can lead to inadequate absorption of this nutrient,
as can diffuse infiltrative diseases of the small intestine
(e.g., lymphoma). In addition, certain drugs, particularly
the anticonvulsant phenytoin and oral contraceptives,
interfere with absorption.
Despite normal intake of folic acid, a relative deficiency
can be encountered when requirements are increased.
Conditions in which this is seen include pregnancy, infancy,
derangements associated with hyperactive hematopoiesis
(hemolytic anemias), and disseminated cancer. In all these
circumstances the demands of increased DNA synthesis
render normal intake inadequate.
Folic acid antagonists, such as methotrexate, inhibit dihydrofolate reductase and lead to a deficiency of FH4. With
inhibition of folate metabolism, all rapidly growing cells
are affected, but particularly the cells of the bone marrow
and the gastrointestinal tract. Many chemotherapeutic
drugs used in the treatment of cancer damage DNA or
inhibit DNA synthesis through other mechanisms; these
can also cause megaloblastic changes in rapidly dividing
cells.
As mentioned at the outset, the megaloblastic anemia
that results from a deficiency of folic acid is identical to that
encountered in vitamin B12 deficiency. Thus, the diagnosis
of folate deficiency can be made only by demonstration of
decreased folate levels in the serum or red cells. As in
vitamin B12 deficiency, serum homocysteine levels are
increased, but methylmalonate concentrations are normal.
Importantly, neurologic changes do not occur.
Although prompt hematologic response heralded by
reticulocytosis follows the administration of folic acid, it
should be remembered that the hematologic symptoms of
vitamin B12 deficiency anemia also respond to folate

therapy. As already mentioned, folate does not prevent
(and may even exacerbate) the neurologic deficits seen in
vitamin B12 deficiency states. It is thus essential to exclude
vitamin B12 deficiency in megaloblastic anemia before initiating therapy with folate.

Iron Deficiency Anemia
Deficiency of iron is the most common nutritional disorder in the world and results in a clinical signs and symptoms that are mostly related to inadequate hemoglobin
synthesis. Although the prevalence of iron deficiency
anemia is higher in developing countries, this form of
anemia is common in the United States, particularly in
toddlers, adolescent girls, and women of childbearing age.
The factors underlying the iron deficiency differ somewhat
in various population groups and can be best considered
in the context of normal iron metabolism.
Iron Metabolism. The normal daily Western diet contains
about 10 to 20 mg of iron, most in the form of heme contained in animal products, with the remainder being inorganic iron in vegetables. About 20% of heme iron (in
contrast to 1% to 2% of nonheme iron) is absorbable, so the
average Western diet contains sufficient iron to balance
fixed daily losses. The total body iron content is normally
about 2.5 gm in women and as high as 6 gm in men, and
can be divided into functional and storage compartments
(Table 14-6). About 80% of the functional iron is found in
hemoglobin; myoglobin and iron-containing enzymes such
as catalase and the cytochromes contain the rest. The
storage pool represented by hemosiderin and ferritin contains about 15% to 20% of total body iron. The major sites
of iron storage are the liver and mononuclear phagocytes.
Healthy young females have smaller stores of iron than do
males, primarily because of blood loss during menstruation, and often develop iron deficiency due to excessive
losses or increased demands associated with menstruation
and pregnancy, respectively.
Iron in the body is recycled between the functional and
storage pools (Fig. 14-21). It is transported in plasma by
an iron-binding glycoprotein called transferrin, which is
synthesized in the liver. In normal individuals, transferrin
is about one third saturated with iron, yielding serum iron
levels that average 120 µg/dL in men and 100 µg/dL in
women. The major function of plasma transferrin is to
deliver iron to cells, including erythroid precursors,
which require iron to synthesize hemoglobin. Erythroid
precursors possess high-affinity receptors for transferrin
that mediate iron import through receptor-mediated
endocytosis.

Table 14-6 Iron Distribution in Healthy Young Adults (mg)

Pool

Men

Women

Total

3450

2450

Functional
Hemoglobin
Myoglobin
Enzymes

2100
300
50

1750
250
50

Storage
Ferritin, hemosiderin

1000

400
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