Prematurity A newborn infant, whether full term or premature, has
higher serum and red cell folate concentrations than does an adult.
However, a newborn infant’s demand for folate has been estimated to
be up to 10 times that of adults on a weight basis, and the neonatal folate
level falls rapidly to the lowest values at about 6 weeks of age. The falls
are steepest and are liable to reach subnormal levels in premature babies,
a number of whom develop megaloblastic anemia responsive to folic
acid at about 4–6 weeks of age. This occurs particularly in the smallest
babies (<1500 g birth weight) and those who have feeding difficulties or
infections or have undergone multiple exchange transfusions. In these
babies, prophylactic folic acid should be given.
Hematologic Disorders Folate deficiency frequently occurs in chronic
hemolytic anemia, particularly in sickle cell disease, autoimmune
hemolytic anemia, and congenital spherocytosis. In these and other
conditions of increased cell turnover (e.g., myelofibrosis, malignancies),
folate deficiency arises because it is not completely reutilized after performing coenzyme functions.

Homocystinuria This is a rare metabolic defect in the conversion of
homocysteine to cystathionine. Folate deficiency occurring in most of
these patients may be due to excessive utilization because of compensatory increased conversion of homocysteine to methionine.
Long-Term Dialysis Because folate is only loosely bound to plasma
proteins, it is easily removed from plasma by dialysis. In patients
with anorexia, vomiting, infections, and hemolysis, folate stores are
particularly likely to become depleted. Routine folate prophylaxis is
now given.
Congestive Heart Failure, Liver Disease Excess urinary folate losses of
>100 μg per day may occur in some of these patients. The explanation
appears to be release of folate from damaged liver cells.
ANTIFOLATE DRUGS
A large number of epileptics who are receiving long-term therapy
with phenytoin or primidone, with or without barbiturates, develop
low serum and red cell folate levels. The exact mechanism is unclear.
Alcohol may also be a folate antagonist, as patients who are drinking
spirits may develop megaloblastic anemia that will respond to normal
quantities of dietary folate or to physiologic doses of folic acid only
if alcohol is withdrawn. Macrocytosis of red cells is associated with
chronic alcohol intake even when folate levels are normal. Inadequate
folate intake is the major factor in the development of deficiency in
spirit-drinking alcoholics. Beer is relatively folate-rich in some countries, depending on the technique used for brewing.
The drugs that inhibit DHF reductase include methotrexate, pyrimethamine, and trimethoprim. Methotrexate has the most powerful
action against the human enzyme, whereas trimethoprim is most
active against the bacterial enzyme and is likely to cause megaloblastic anemia only when used in conjunction with sulfamethoxazole in
patients with preexisting folate or cobalamin deficiency. The activity of
pyrimethamine is intermediate. The antidote to these drugs is folinic
acid (5-formyl-THF).
CONGENITAL ABNORMALITIES OF FOLATE METABOLISM
Some infants with congenital defects of folate enzymes (e.g., cyclohydrolase or methionine synthase) have had megaloblastic anemia.

DIAGNOSIS OF COBALAMIN AND FOLATE DEFICIENCIES
The diagnosis of cobalamin or folate deficiency has traditionally
depended on the recognition of the relevant abnormalities in the
peripheral blood and analysis of the blood levels of the vitamins.
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Serum Methylmalonate and Homocysteine In patients with cobalamin
deficiency sufficient to cause anemia or neuropathy, the serum MMA
level is raised. Sensitive methods for measuring MMA and homocysteine in serum have been introduced and recommended for the early
diagnosis of cobalamin deficiency, even in the absence of hematologic
abnormalities or subnormal levels of serum cobalamin. Serum MMA
levels fluctuate, however, in patients with renal failure. Mildly elevated
serum MMA and/or homocysteine levels occur in up to 30% of
apparently healthy volunteers, with serum cobalamin levels up to 258
pmol/L (350 ng/L) and normal serum folate levels; 15% of elderly subjects, even with cobalamin levels >258 pmol/L (>350 ng/L), have this
pattern of raised metabolite levels. These findings bring into question
the exact cutoff points for normal MMA and homocysteine levels. It
is also unclear at present whether these mildly raised metabolite levels
have clinical consequences.
Serum homocysteine is raised in both early cobalamin and folate
deficiency but may be raised in other conditions, e.g., chronic renal
disease, alcoholism, smoking, pyridoxine deficiency, hypothyroidism,
and therapy with steroids, cyclosporine, and other drugs. Levels are
also higher in serum than in plasma, in men than in premenopausal
women, in women taking hormone replacement therapy or in oral
contraceptive users, and in elderly persons and patients with several
inborn errors of metabolism affecting enzymes in trans-sulfuration
pathways of homocysteine metabolism. Thus, homocysteine levels
must be carefully interpreted for diagnosis of cobalamin or folate
deficiency.
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Inflammatory Conditions Chronic inflammatory diseases such as
tuberculosis, rheumatoid arthritis, Crohn’s disease, psoriasis, exfoliative dermatitis, bacterial endocarditis, and chronic bacterial infections
cause deficiency by reducing the appetite and increasing the demand
for folate. Systemic infections also may cause malabsorption of folate.
Severe deficiency is virtually confined to the patients with the most
active disease and the poorest diet.

COBALAMIN DEFICIENCY
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Serum Cobalamin This is measured by an automated enzyme-linked
immunosorbent assay (ELISA) or competitive-binding luminescence
assay (CBLA). Normal serum levels range from 118–148 pmol/L
(160–200 ng/L) to ~738 pmol/L (1000 ng/L). In patients with megaloblastic anemia due to cobalamin deficiency, the level is usually
<74 pmol/L (100 ng/L). In general, the more severe the deficiency, the
lower is the serum cobalamin level. In patients with spinal cord damage
due to the deficiency, levels are very low even in the absence of anemia.
Values between 74 and 148 pmol/L (100 and 200 ng/L) are regarded
as borderline. They may occur, for instance, in pregnancy, in patients
with megaloblastic anemia due to folate deficiency. They may also be
due to heterozygous, homozygous, or compound heterozygous mutations of the gene TCN1 that codes for haptocorrin (transcobalamin I).
There is no clinical or hematologic abnormality. The serum cobalamin
level is sufficiently robust, cost-effective, and most convenient to rule
out cobalamin deficiency in the vast majority of patients suspected of
having this problem. However, problems have arisen with commercial
CBLA assays involving intrinsic factor in PA patients with intrinsic
antibodies in serum. These antibodies may cause false normal serum
vitamin B12 levels in up to 50% of cases tested. Where clinical indications of PA are strong, a normal serum vitamin B12 does not rule out
the diagnosis. Serum MMA levels will be elevated in PA (see below).

Tests for the Cause of Cobalamin Deficiency Only vegans, strict vegetarians, or people living on a totally inadequate diet will become vitamin
B12 deficient because of inadequate intake. Studies of cobalamin
absorption once were widely used, but difficulty in obtaining radioactive cobalamin and ensuring that IF preparations are free of viruses has
made these tests obsolete. Tests to diagnose PA include serum gastrin,
which is raised; serum pepsinogen I, which is low in PA (90–92%)
but also in other conditions; and gastric endoscopy. Tests for IF and
parietal cell antibodies are also used, as well as tests for individual
intestinal diseases.
FOLATE DEFICIENCY
Serum Folate This is also measured by an ELISA technique. In most
laboratories, the normal range is from 11 nmol/L (2 μg/L) to ~82
nmol/L (15 μg/L). The serum folate level is low in all folate-deficient
patients. It also reflects recent diet. Because of this, serum folate may be
low before there is hematologic or biochemical evidence of deficiency.
Serum folate rises in severe cobalamin deficiency because of the block
in conversion of MTHF to THF inside cells; raised levels have also
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