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Folic acid under scrutiny

A consideration of the absorption and metabolism of folic acid
in human subjects is timely, owing to the recent recommen-
dation by the UK Government’s Scientific Advisory Commit-
tee on Nutrition that a mandatory folic acid fortification
programme be implemented in the UK1. In this issue of the
British Journal of Nutrition, Wright et al.2 take us through
the processes of absorption and metabolism of folic acid and
conclude that there are grounds to propose that the use of
this compound as a supplement or a fortificant may increase
its concentration in the systemic circulation. They suggest
that there may be associated risks.

Folic acid is the most oxidised, monoglutamate, form of
folate, and the form in which this vitamin is taken as a sup-
plement or used as a fortificant. Because its lack of glutamate
residues obviates the need for deconjugase at the brush-border
membrane, and the presence in foodstuffs of dietary inhibitors
of folate deconjugation, it has long been considered to have a
much higher bioavailability than food folates. In reality,
studies show a wide variation in the bioavailability of food
folates, depending upon the particular food matrix, and a
recent study suggests that the consumption of a mixed diet
containing folate-rich foods can be almost as effective as
folic acid supplements at improving folate status3.

With the advent of readily accessible stable isotope-labelled
folates it became possible to study folate bioavailability and
metabolism in human subjects with a high degree of accuracy.
These studies now strongly suggest that a high proportion of
folic acid undergoes initial reduction and methylation in the
liver4,5. On entering a cell folic acid is initially reduced by
dihydrofolate reductase (DHFR) to dihydrofolate (DHF),
which is subsequently reduced further to tetrahydrofolate
(THF). THF is then available for further metabolism to a
number of different biologically active forms of folate, with
specific metabolic functions. Importantly, in human subjects,
some tissues, including liver, have a limited ability to
reduce folic acid, because of a low activity of DHFR, and
are unable to reduce high concentrations of folic acid6. This
would be expected to increase the appearance of unmetabo-
lised folic acid in the circulation in the situation of high or
repeated doses of folic acid.

How does supplementation/fortification influence the
concentration of folic acid in the circulation?

The move to mandatory fortification of flour with folic acid led
to an increase in folate intake and in erythrocyte and plasma
folate concentrations in the USA population, but the magnitude
of the increase in intake was approximately double that antici-
pated 7. This occurred against a high background consumption

of folic acid supplements 8. In their studies of postmenopausal
women in the USA, in the post-fortification era, Troen and cow-
orkers detected unmetabolised folic acid in the plasma of 78 % of
a cohort of women, following an overnight fast9. Daily intakes of
folate were estimated to be 304 (SD 126) mg from food and 255
(SD 285) mg from supplements.

Other studies have reported the appearance of unmetabo-
lised folic acid in serum following the consumption of folic
acid supplements or fortified foods. Kelly et al.10 reported
the appearance of unmetabolised folic acid in serum of
young and elderly people in response to a period of 5 d con-
sumption of folic acid fortified foods, or foods spiked with
folic acid. The serum folic acid was detectable at a folic
acid intake of ,300mg per meal. Two subsequent studies
from this group further evaluated the effects of folic acid
consumption in fortified foods. Intake of 1 mg folic acid in
fortified bread, given as a single dose or in two, three, four
or five doses spread over a day, to healthy volunteers resulted
in the appearance of folic acid in the serum of all volunteers,
for all dosing regimens. An accumulative effect was evident
for the smallest dose over the test period, so that the highest
folic acid concentration was reached following five test doses
of 100 mg11. A recent publication reports effects of consump-
tion of bread fortified with folic acid at levels comparable to
and higher than those used in the USA12. Healthy folate-
replete men and women received two slices of fortified
bread daily at prescribed times, for 7 d. The intervention
resulted in the appearance of unmetabolised folic acid in
serum following the consumption of 200mg folic acid in a
single slice of bread. The folic acid concentration increased
further following the second slice. No effect was seen at
lower intakes.

Clearly then, folic acid intake from fortified foods and sup-
plements has the potential to drive the appearance of unmeta-
bolised folic acid in plasma, and the magnitude of the effect
shows a dose dependency. Importantly, there also seems to
be an accumulative effect of repeated exposure.

What is the evidence that an elevated plasma folic acid
concentration might be harmful?

There is a long-standing recognition of the fact that increased
intake of folic acid in the elderly population might mask
detection of vitamin B12 deficiency and enhance a deterio-
ration of central nervous system function13,14. Less well
understood is the potential for enhancing the progression
rate of pre-cancerous lesions to invasive cancer.

Epidemiological studies have suggested that a good folate
status may protect against cancers at various sites, and this
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is supported by experimental evidence in human subjects and
animal models. However, evidence is accumulating from some
animal studies to suggest that whereas folate deficiency in
normal tissues increases the rate of neoplastic transformation,
high doses of folic acid may accelerate the progression of
existing neoplastic lesions to cancer15,16. The dosage and
timing of the folic acid intervention are key determinants of
effects. This is of course entirely plausible given the role of
folate in DNA synthesis and cell proliferation, which is the
basis for using antifolate drugs in chemotherapy. At present,
data from human studies are lacking. One case–control
study of colorectal cancer in Swedish men and women
reported that plasma concentrations of folate reflective of
high intakes were strongly associated with increased risk of
colorectal cancer17. De Vogel et al.18 examined folate intake
and colorectal cancer data alongside adenomatous polyposis
coli (APC) mutations, in a large Dutch cohort, and found an
interaction between folate intake and the APC mutations
associated with an increased risk of colon cancer. Recently,
the Polyp Prevention Study Group reported results suggestive
that a 1 mg folic acid supplement taken for 6–8 years by men
and women with a history of colorectal adenomas, increased
the risk of colorectal neoplasia19.

Clearly a distinction needs to be made between the ben-
eficial effects of dietary folates and the potential deleterious
effects of high intakes of folic acid, and if the UK moves
towards implementation of a strategy of fortification of some
flour with folic acid it will be important to monitor biochemi-
cal, clinical and health effects in the population.
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