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The Benefits and Risks of Folic Acid

Fortification

Tanya G.K. Bentley

n 1998, the Food and Drug Ad-

ministration (FDA) implemented a

policy that required the fortification
of enriched grain products with folic acid,
the aim being to help prevent neural tube
defects in newborns. Increased folic acid
intake has been associated with reduced
risks of cardiovascular disease and colon
cancer, but also carries the danger of
masking symptoms of vitamin B-12 de-
ficiency. The fortification policy has been
predicted to provide an overall health and
economic benefit to society. Since policy
implementation, folic acid intake among
the general population has increased and
the rate of neural tube defects has de-
creased. More research needs to be done
to evaluate the full health and economic
benefits and costs of folic acid fortifica-
tion, as well as to more specifically assess
the policy’s long-term impact.

Background

Neural tube defects

Between the seventeenth and thirtieth day
after conception, the neural tube — which
later becomes the spinal cord, brain and
skull — forms in the embryo and closes.
A neural tube defect NTD) occurs when
the neural tube fails to close properly, leav-
ing the developing brain or spinal cord
exposed to amniotic fluid. These defects
occur within the first four weeks of preg-
nancy, and result in malformations of the
spine (spina bifida), skull and brain (anen-
cephaly).'?

NTDs are some of the most common
birth defects, having affected approxi-
mately 2,500 infants,’ 3 to 5 percent of
all infants born annually in the US. by
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the early 1990s,* and approximately 1,500
NTD-affected fetuses are aborted each
year.® It is estimated that half of NTD-
affected pregnancies are related to inad-
equate folate intake by the mother during
the early weeks of pregnancy.®

There are severe health, lifestyle, and
economic implications of NTDs. Birth
defects overall are the leading cause of in-
fant mortality in the United States and the
fifth leading cause of years of potential
life lost.® These consequences are especial-
ly profound in cases of anencephaly and
spina bifida, two common types of neural
tube defects. All infants with anencephaly
die shortly after birth, and most babies
born with spina bifida grow to adult-
hood but suffer from varying degrees of
bowel and bladder incontinence, as well as
sometimes paralysis.” The total economic
burden to society of spina bifida is ap-
proximately $489 million per year, a total
of $294,000 per new case.®

Folic acid fortification policy

The extent of the problem for NTDs
is of particular interest because they are
somewhat preventable. Research in the
early 1990s®’ established that high intakes
of folate or folic acid, two forms of a
water-soluble B-vitamin, can significantly
reduce the risk of NTDs in newborns.
Such results are seen only when consump-
tion is high during the first 4-6 weeks of
pregnancy.

Although this situation appears to cre-
ate a clear opportunity for a successful
health policy intervention, the difficulties
with this strategy are manifold. For one,
reaching the target audience is difficult be-
cause it is not possible to identify women
who are at an increased risk for an NTD-
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affected pregnancy by a simple screening
test, and because most women are not
aware of their pregnancy during the first
4 — 6 weeks. In addition, if women tried
to attain these high levels of folic acid
through over-the-counter vitamins, they
would risk consuming teratogenic and
toxic levels of vitamins A and D, which
are believed to cause birth defects when
taken in excess during pregnancy'™'! and
can result in severe health consequences in
non-pregnant persons.''? For example, vi-
tamin A toxicity in non-pregnant persons
can cause problems such as severe liver
injury and bone pathologies,'® while that
of vitamin D can result in health prob-
lems such as impaired renal function and
calcium loss to the bone."?

The ideal preventive measure using
folate therefore appeared to be to increase
the folate intake of all women during their
entire fertile period. In 1992, the United
States Public Health Service recommend-
ed that all women of childbearing age
who are capable of becoming pregnant
consume 400 micrograms (ug) of folate
per day, the current recommended dietary
allowance. However, it is virtually impos-
sible from a policy perspective to regulate
individual diet and multi-vitamin use. The
situation — as well as evidence of folate’s
potential preventive effects on heart
disease and colon cancer — led to strong
advocacy for the folic acid fortification of
foods. Debate ensued, not only due to the
uncertainty about the lowest effective dose
and the potential health risks of excessive
folate intake involved for the elderly,'>'s
but also due to the weight of such a large
federal program.

Fortification efforts are not undertaken
lightly, and folic acid fortification would
be the first large endeavor since the 1940s.



The addition of iodine to salt in 1924 was
one of the earliest fortification programs
and was successful in helping to prevent
goiter, cretinism, and other symptoms
of severe iodine deficiency.> Vitamin D
was added to cow’s milk in the 1930%,
and mandatory enrichments — including
thiamin, niacin, riboflavin, and iron — were
made to flours and breads in 1943.° All
such fortification requirements have been
initiated to enhance the quality of food
and to help prevent deficiency diseases in
the general population.’

Folic acid fortification is particularly
important because it has the potential for
far-reaching health implications. On the
one hand, increased intake of folic acid
is proven to help reduce NTD risk,*” and
may also decrease heart disease and colon
cancer risks.'”?® On the other hand, these
benefits are not without potentially nega-
tive side effects, as excessive folate intakes
may cause neurological damage in elderly
persons that have anemia caused by vi-
tamin B-12 deficiency.”** Controversy
remained regarding the appropriate level
of fortification to meet these various com-
peting health risks and benefits.”*

In 1993, and only in light of the com-
pelling and significant scientific findings
relating folate to NTD prevention,” the
Food and Drug Administration (FDA)
decided to fortify the food supply with
folic acid. The policy requires that manu-
facturers add from 0.43 to 1.4 pg of folic
acid per pound of product to enriched ce-
real-grain products, applicable to the fol-
lowing: breads, cereals, flours, corn grits,
corn meal, pastas, rice, rolls and buns, fa-
rina, macaroni, and noodle products.’ Re-
search and data from the National Health
and Nutriion Examination Surveys and
the Framingham Offspring Study, as well
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as others, indicate that the fortification
program has increased the level of folate

equivalents consumed in most American
adult diets.**

Health Effects of
Fortification

Fortification effects on folate
consumption levels

The primary intent of the policy was to
increase the percentage of women of
child-bearing age that consume the rec-
ommended 400 pg/day of folate from
29% to 50%."** The FDA predicted
that fortification would cause total folate
intake to increase by an average of 100 ug
per day per person. Released data from the
National Health and Nutrition Examina-
tion Surveys (NHANES) indicates that
the average age-specific folate intakes have
increased by approximately 100 pg/day
for both male and female adults (Figure
1) from the early 1990s to the end of the
decade.

Various studies have tried to specifi-
cally estimate the changes in folate intake
as a result of the fortification.3**#7 The
range of research done includes updating
pre-policy survey data,”® analyzing blood
folate levels,*** quantifying food folate
levels in comparison to amounts required
and labeled,****" and assessing the effects
on homocysteine levels of short-term
consumption of fortified foods.*** The
overall conclusion is that folate intake lev-
els have increased for the average person
by approximately 100 pg/day, and possibly
more.

For example, Lewis and colleagues®
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population. Research done since the policy
implementation indicates that although the
specific goal of reducing the rate by 50%’
has not been met, the rate of NTDs has
decreased by approximately 20%-30%.”"*""
>* This lower rate is in fact what would be
expected, given the fortification’s predict-
ed increase of 100 pg/day of folic acid.*®
However, given that a large percentage of
women of childbearing age are still not
consuming the recommended 400 pg/day
of the vitamin,*® this reduction is not as
high as that originally aimed for by the US
Public Health Service in 1992. The high
levels of serum folate now found in the
target population**** and of folate found
in enriched products®* may, on the other
hand, imply a greater decrease in NTDs
than that which has been seen.®> More
research needs to be done on the link
between folate intake levels, serum folate
and NTDs in order to clarify the conflict-
ing evidence.

Folate and heart disease risk

As increased folic acid intake is associ-
ated with decreased risk of coronary
heart disease (CHD),"” various studies
have considered the potential benefits of
fortification on CHD prevention."**** In
a randomized controlled trial of 75 men
and women with coronary artery disease,
Malinow and colleagues concluded that
cereals fortified with folic acid have the
potential to increase plasma folate levels
and to reduce plasma homocysteine lev-
els, which are believed to reduce the risk
of coronary artery disease.”” In addition,
Tice* and Tucker" and their colleagues
projected that fortification would benefit
CHD prevention, as long as the folate-
CHD link can be proven.
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Folate and colon cancer
prevention

In the past decade several studies have
shown a decreased risk of colon cancer
associated with folate intake.”>? The origi-
nators of the folate-colorectal cancer hy-
pothesis did a case-control study in which
they found a lower risk of rectal cancer
and a slightly lower risk of colon cancer
in association with high folate intakes.”
Much of the subsequent evidence for the
impact of folate on colon cancer comes
from the Nurses’ Health Study (NHS)*
and the Health Professionals’ Follow-Up
Study (HPFS).”!

In the former analysis, higher folate
intake in 1980 was associated with lower
risk of colon cancer in 1994, and the use
of multi-vitamins containing folic acid
showed a significant benefit after 15 years
of use, with a risk ratio of 0.25. In HPFS,
higher folate intake among men was as-
sociated with a moderately decreased
risk for colon cancer as well as a protec-
tive effect for the increased colon cancer
risk associated with high alcohol intake.”
This evidence would suggest that the
fortification program would benefit colon
cancer prevention efforts, although more
research needs to be done to clarify the
folate-colon cancer relationship.

Potential health and economic
costs of fortification

Despite the benefits of increased total fo-
late intake, there is some risk that too much
of the vitamin may harm certain popula-
tions. Extremely high levels of folate
intake can mask changes in the nervous
system that are caused by vitamin B-12 de-
ficiency, which is particularly a problem for
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elderly persons.”!* The prevalence of this
disease is estimated to be approximately
9 to 23 cases per 100,000 persons,'*” or
about 10 to 20 percent of the U.S. elderly
population.? When left untreated, the ane-
mia caused by B-12 deficiency can result
in irreversible neurological problems, such
as numbness, balance problems, weakness,
and paralysis.'*

The FDA has addressed this issue by
recommending that adults do not exceed
1,000 pg of total folate.consumed per day,
an amount defined as a tolerable upper in-
take level.”' As there is uncertainty regard-
ing the exact number of people who may
be affected by this type of anemia, it is dif-
ficult to predict the fortification’s potential
consequences on those at risk.' Due to
the large number of fortified foods on
the market, there is the concern that some
people who are at risk for B12 deficiency
may now be getting too much folate in
their diets.>' Recent research does indi-
cate, however, that fortification may have
resulted in no major increase in masking
of vitamin B-12 deficiency.®®

Various public health experts have
evaluated the societal economic conse-
quences of the fortification. The calcu-
lations predict that an overall economic
benefit — produced primarily by decreases
in NTD births — should result from the
fortification.'»1¢¥45575  For  example,
Tucker and colleagues'? estimated that, at
the level of 140ug/100 g of enriched grain
product, the benefits — including predicted
reductions in heart disease risk — of folate
fortification outweigh the risks associ-
ated with the masking of B12 deficiency.
The potential costs, however, of nega-
tive health effects on certain populations
— specifically those with B-12 deficiency
— are significant, and could have the po-
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tential to outweigh the benefits if substan-
tial benefits (at a break-even level) are not
achieved.”

Implications for Future
Research

Given the safety concerns for children
and the elderly, the uncertainty and debate
around the minimum effective dose for
preventing NTDs and other diseases, the
importance of preventing such ailments
in a cost-effective manner, and the magni-
tude of such a fortification program, there
is great interest in evaluating the impact of
the FDA’s policy decision.'?-3%53¢ \What
specifically remains to be known are the
long-term health and economic effects of
chronic fortified food consumption — on
NTDs, and other health outcomes. Now
that fortification has been in place for a
number of years, these economic implica-
tions can be studied further, utilizing the
health and economic costs and benefits
that have been realized to date.

In particular, due to the uncertainty re-
garding the risks of excessive folate intake
for populations at risk of B-12 deficiency,
this issue should be studied further to de-
termine whether — at NTD-reduction lev-
els attained from the policy — the fortifica-
tion still offers a net health benefit. Such
analyses may also consider further policies
that could be put into place to remedy the
problem, such as fortifying foods with
B12.*% This work should incorporate a
full health and economic assessment of
the policy’s total impact on rates of NTDs,
CHD and colon cancer, as well as the out-
comes for the eldetly and children.

Two further policy questions arise as
a result of the fortification. One is the



economic evaluation of a potential policy
intervention that targets the use of folic-
acid-containing multivitamin supplements
among the general adult population. This
would be of particular interest if it is
found that there is a threshold effect of
folic acid intake on colon cancer preven-
tion, for example if the risk ratios level off
with intakes above a certain daily folate
intake level.

In addition, there is ongoing debate in
England regarding implementing a similar
policy to help prevent NTDs. The primary
emphasis of the dispute revolves around
the health risks to the elderly. A full
cost-benefit analysis of the policy in that
country should be conducted that takes
into account not only the NTD-preven-
tion benefits and the risks to persons with
B-12 deficiency, but also the benefits of
folic acid intake on heart disease and colon
cancer. Such an analysis could provide tan-
gible information for British policy-mak-
ers in making this decision.

Future research goals should be to elab-
orate on the mechanisms by which folate
acts to reduce the risk of colon cancer, as
well as to clarify and empirically estimate
the dose-response relationship between
folate intake and the progression of colon
cancer. Increasing the understanding of
this relationship would help to more ac-
curately capture the effects of folate on
colon cancer and polyp outcomes, as well
as the impact of the fortfication policy.
The results of such work could help guide
future decisions regarding such fortifica-
tion, dietary, clinical, and preventive guide-
lines. It may also provide motivation for
further prospective studies to prove a link
between folate and the risks of CHD and
colon cancer.

Folic acid fortification was instigated in
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order to reduce the risk of NTDs, but it is
clear that there are many other health and
economic considerations of such a far-
reaching program. Future research needs
to be done to assess fortification’s effects
on the population’s health and economic
well-being, It is our hope that the benefits
are shown to far outweigh the costs, and
that future research will provide further
insight into means by which fortification
can be employed to benefit the health of
our society. &
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