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Abstract
Folic acid-preventable spina bifida and anencephaly are
pandemic, affecting 225,000 children a year. These birth
defects are as preventable as polio. As we near the eradi-
cation of polio, it is time to make the commitment to
global prevention of all folic acid-preventable spina bifi-
da and anencephaly (FA-P SBA) by 2010. Folic acid fortifi-
cation of centrally processed foods, such as wheat and
corn flour, could immediately prevent all of these birth
defects for much of the world’s population. These fortifi-
cation programs will also help adults by increasing
serum folate concentration, eradicating folate deficiency
anemia, providing human genome stability and reducing

homocysteine serum concentration, which will probably
prevent heart attacks and strokes, and may prevent colon
cancer and Alzheimer’s disease. Where there is no cen-
trally processed and distributed food to fortify, intense
efforts must be made to increase consumption of syn-
thetic folic acid through vitamin supplements. Geneti-
cists can play a major role in preventing FA-P SBA by
helping to create the political will in each country to
implement fortification and supplement programs to
eliminate disease caused by the current pandemic of
folate deficiency.

Copyright © 2002 S. Karger AG, Basel

The Pandemic of Folic Acid-Preventable
Spina bifida and Anencephaly

Spina bifida and anencephaly are severe birth defects
[1]. CDC scientists estimate that 300,000 children are
born each year with these birth defects [2]. Randomized
controlled studies suggest that 75%, or 225,000, of these
affected children have folic acid-preventable spina bifida
and anencephaly (FA-P SBA) [3, 4]. We are in the midst
of a pandemic of FA-P SBA. Furthermore, we now know
that the predominate cause of spina bifida and anenceph-
aly is folate deficiency.
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Folic Acid Is Required to Make DNA
The synthesis of DNA is dependent on sufficient folic

acid/folate to make the base pairs. Folates are required for
purine and thymine synthesis. Thus, timely and accurate
production and repair of DNA requires sufficient folate.
Without sufficient folate, cell division is slowed and ura-
cil, rather than thymine, is incorporated into DNA [5].

Everyone Is Folate Deficient
The role of folate in the synthesis of DNA is well

known. We know that folate deficiency anemia occurs
when there is insufficient folate to produce enough new
red cells to keep up with red cell destruction. The standard
to determine whether someone is folate deficient has,
until recently, been whether serum folate was below a con-
centration that would lead to folate deficiency anemia.
Estimated requirements of folate from food were also
based on providing enough folate to keep most people
from having folate deficiency anemia.

In the last decade we learned that plasma or serum
homocysteine is a very sensitive biomarker for folate defi-
ciency [6]. Increased serum concentration of homocys-
teine is the first indication of intracellular folate deficien-
cy. More importantly, we also learned that most of the
people who participated in these studies did not have suf-
ficient serum folate levels to keep serum homocysteine
concentration down to 8 nmol/l, unless they consumed
folic acid-containing vitamin supplements [7–9].

The Netherlands is a country that is economically well
off, but it prohibits folic acid from being added to any
food. A recent study from The Netherlands found that
even the 20% of the Dutch with the best consumption of
natural folate had far from sufficient blood folate levels
[10]. Thus, rather than having a plasma homocysteine of
8 Ìmol/l, it was 11 Ìmol/l. The proportion of Dutch con-
suming sufficient folate is quite low, approaching zero.
The results were similar for persons who do not consume
supplements with folic acid in studies from New Zealand,
Ireland, and the US. The negative impact of this folate
plasma insufficiency on health has been reviewed in detail
elsewhere [11].

Folate Deficiency Mutagenic

Modern society has been concerned that exposures to
manmade chemicals and X-rays may be harming people
through mutations. In vitro and in vivo tests in animals
have been developed to generate data to be used in envi-
ronmental regulations, with the basic idea of preventing

cancer. Recent data suggests that folate deficiency is a
mutagen, one not limited to a certain occupation or geo-
graphic region [12]. Exposure to this mutagen is nearly
universal in people who do not consume synthetic folic
acid supplements. Ames and colleagues [5] have shown
that folate deficiency increases the incorporation of uracil
into DNA by a factor of 10 because there is insufficient
folate to convert uracil into thymine. Perhaps it is this
mutation, promoting incorporation of uracil into DNA,
that plays a role in colon cancer and is the mechanism by
which long-term consumers of multivitamins reduce their
colon cancer rate [12, 13].

Fenech [14] looked at classic markers of mutation-
micronucleus formation and double strand breaks. He
found that the concentration of folic acid in vitro is com-
parable to that found in the blood of people living in
Western countries and that it predicts, in a dose-depen-
dent fashion, these biomarkers of mutation. He has con-
cluded from these data and folic acid feeding studies in
people that the average human should consume 700 Ìg of
synthetic folic acid a day (along with 6 Ìg of B12) to mini-
mize mutations and to assure stability of the human
genome. Since the average Western diet has only the
equivalent of 100 Ìg a day of folic acid, Fenech’s reason-
ing suggests that consumption of folic acid needs to be
increased 7 fold. Note that this level is against a regulatory
background of most Western nations lowering recom-
mended daily allowances from 400 to 200 Ìg in the 1980s.
In 1998, the US Institute of Medicine (IOM) revised its
recommendation to about 400 dietary folate equivalents a
day, which is about equal to 200 Ìg of synthetic folic acid,
a level that leaves large segments of the population with
serum folate concentrations that could be mutagenic [15].
(The IOM report, however, recommended that all women
of reproductive age consume 400 Ìg of synthetic folic acid
a day and maintain a healthy diet to prevent birth
defects.)

Europe has yet to make any changes based on the mas-
sive amount of new data from the last decade. Europe is
home of the ‘Precautionary Principle’, the idea of prohib-
iting exposure to manmade chemicals – even when there
are no data to show that they are harmful. It is curious
that no European government has taken the prudent step
of fortifying foods with folic acid, even though we know it
will prevent birth defects, reduce homocysteine concen-
trations and promote genomic stability in humans. The
‘Precautionary Principle’ and the lack of folic acid fortifi-
cation are intellectually inconsistent.

The IOM report contained a toxicological risk assess-
ment. Unfortunately for the health of the American peo-
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ple, the risk assessment focused on the hypothetical risks
of consuming too much synthetic folic acid, leading to a
suggestion that the tolerable upper limit of synthetic folic
acid is 1,000 Ìg/day. The American people would have
been better served had the risk assessment considered
folate deficiency the mutagen it is, and inquired into the
consumption of folic acid needed to prevent mutagenic
biomarkers. Based on the work of Fenech [14], a toxico-
logical risk assessment would have found that a minimum
consumption of 700 Ìg synthetic folic acid a day is
required to minimize the mutagenic indicators. If, as is
usual in toxicological risk assessment, a 10-fold safety fac-
tor against mutations had been factored in, the report
would have recommended a daily consumption of
7,000 Ìg of synthetic folic acid, rather than suggest that
1,000 was a tolerable upper level. The recommended dai-
ly consumption of food folate or dietary folate equivalents
would have been 14,000 rather than 400 Ìg.

The tolerable-upper-limit concept was used by the US
Food and Drug Administration (FDA) and COMA to lim-
it the folic acid concentrations required in fortification.
The FDA modeled the post-fortification consumption of
total folate (natural folate in foods plus synthetic folic
acid) in several age-sex groups. Rather than setting the
fortification concentration at a level that would have had
95% of women consume the 400 Ìg of synthetic folic acid
recommended by the Public Health Service (PHS) and
the IOM, the FDA set the fortification concentration at a
level where no more than 5% of any age-sex group was
projected to consume, after fortification, more than
1,000 Ìg of total folate. COMA also based its recommen-
dation for fortification on a total folate consumption limit
of 1,000 Ìg a day. The IOM report noted that it was incor-
rect to set a tolerable upper limit of total folate, rather, it
should be set in terms of synthetic folic acid only. Had the
FDA used 1,000 Ìg of synthetic folic acid in its modeling,
it would have required fortification at a higher level. Simi-
larly, had COMA used synthetic folic acid for its mod-
eling, it too would have recommended a higher fortifica-
tion level.

There is no tolerable upper limit for vitamin B12, and I
think the current evidence suggests that there should be
no tolerable upper limit for folate. If there is to be a tolera-
ble upper limit for folic acid, it should be much higher
than 1,000 Ìg a day. If there were no concept of a tolerable
upper limit for folic acid, then folic acid fortification lev-
els could, and I argue should, be set to maximize the pre-
vention of FA-P SBA, which is likely to maximize the pre-
vention of other folate deficiency-related diseases. Dick-
inson [16] reviewed the literature and found evidence sug-

gesting that folic acid is safe, even for people with vitamin
B12 deficiency. If one were to ensure that 95% of the pop-
ulation consumes 700 Ìg of synthetic folic acid daily in
order to assure genomic stability, then a very substantial
proportion –50% or more – would be consuming more
than 1,000 Ìg of synthetic folic acid. Human beings can-
not both need and be harmed by 1,000 Ìg of synthetic
folic acid. It is time to stop letting the idea of a tolerable
upper limit of 1,000 Ìg of synthetic folic acid restrict the
concentration of folic acid fortification.

Pandemic Folic Acid-Preventable Spina bifida
and Anencephaly

There is no more powerful way of demonstrating the
cause of a disease process in human beings than by ran-
domly allocating the active prevention agent and seeing
the prevention of the disease process. It is unusual, maybe
unique, to demonstrate in a randomized, controlled trial a
causal relationship between a centuries-old and widely
prevalent disease-causing agent and the disease. It has
neither been done for folic acid supplementation and
developmental anomalies, nor for cigarette smoking and
lung cancer. Our usual modus operandi is to have animal
data, case reports, controlled, but not randomized, epide-
miological studies from which we deduce causality. We
want a dose-response relationship, for example.

The causal relationship between folate deficiency and
spina bifida and anencephaly was established by the
MRC study, followed a year later by the Hungarian study
[3, 4]. It was established without a dose-response curve.
After causality had been established, Daly and colleagues
[17] published quite a strong dose-response curve of the
births to 50,000 women in Dublin. They showed a 5-fold
difference in SBA rates across the range of usual (note I
did not say ‘normal’, as many have done) serum folate
concentrations. It went from 5 per 1,000 to 1 per 1,000.
Wald and colleagues [18] showed that when these data
are plotted on a semi-log scale, there is a linear decrease
in SBA prevalence with increasing serum folate. Further-
more, the slope of the plot suggests that for every dou-
bling of the serum folate dose, prevalence decreases by
50%. It is impossible to know from these data whether
there would have been some higher serum folate concen-
tration at which further increases would not have been
accompanied by decreasing prevalence of SBA. For ex-
ample, had 25% of these women been consuming 400 Ìg
of synthetic folic acid daily, as American women do,
there may have been a plateau. Thus there is a powerful
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dose-response relationship between maternal serum fo-
late and the birth prevalence of SBA in a country where
women do not usually consume synthetic folic acid in
supplements.

The birth prevalence data of a large Chinese interven-
tion study showed that the untreated SBA rates ranged
from 5 to 1 per 1,000 [2]. Thus in two groups of babies in
populations half a world away, the prevalence range of
spina bifida is the same. Actually, there were small groups
in China with SBA rates at 10 per 1,000. If the lowest
non-FA-P SBA rate were 1 per 1,000, the severity of the
folate deficiency would determine the SBA rate in the
population and the size of the FA-P SBA epidemic. The
China study, however, suggests that the SBA rate can be
reduced to at least 0.5 per 1,000 by a consumption of
400 Ìg of synthetic folic acid above the natural folate in
diet. These data also suggest that, had the Irish women
with the highest serum folate levels consumed 400 Ìg of
synthetic folic acid, they could have reduced the birth
prevalence of SBA in their infants from 1 per 1,000 to 0.5
per 1,000. Those with the lowest serum folate could have
had their risk of having a baby with SBA reduced by a
factor of 10: from 5 to 0.5 per 1,000 births.

The prevalence of FA-P SBA in a country is dependent
upon how low folate consumption and serum folate levels
are. Within the Dublin population, there was a 5-fold dif-
ference between the women with the highest and those
with the lowest serum folate levels. The China study
found a 10-fold prevalence in the north and a 2-fold prev-
alence in the south.

The precise amount of synthetic folic acid consump-
tion needed to prevent all FA-P SBA is unknown. Given
that 400 Ìg reduced the rate of SBA in a high-prevalence
area of China and in a modest-prevalence area to the same
level (0.5 per 1,000), one could argue that 400 Ìg of syn-
thetic folic acid would be sufficient. Wald and colleagues
[18] have produced a model that suggests that higher lev-
els of consumption would result in even more reductions.
It is clear that getting all women in the world to consume
400 Ìg of synthetic folic acid a day would be a major step
towards controlling the very vast majority of the current
worldwide pandemic of FA-P SBA.

Eradicating the Pandemic of Folic
Acid-Preventable Spina bifida and Anencephaly

If 400 Ìg of synthetic folic acid above a usual diet as
recommended by the US IOM is sufficient for full pre-
vention, the challenge is to implement programs around

the world that will provide 400 Ìg daily to all women of
reproductive age. The highest-priority programs are for-
tification programs. Where fortification programs are not
implemented or are insufficient, supplement programs
can be implemented as a secondary priority and a less suc-
cessful prevention strategy.

The Miracle of Folic Acid Fortification
In order to prevent FA-P SBA, the US FDA permitted

in 1996, and required by January 1, 1998, that all ‘en-
riched’ cereal grains be fortified with folic acid. Note that
‘cereal grains’ are not breakfast cereals. Cereal grains
include food staples such as wheat, corn, and rice flours.
Since the early 1940s, ‘enriched’ grains in the US have
been fortified with certain B vitamins, but not with folic
acid. The FDA did not require that all grains be fortified,
only those to be marked as ‘enriched’. Thus, while it is
now mandatory that all ‘enriched’ grains contain added
synthetic folic acid, wholewheat and other non-enriched
grains are not required to have folic acid added.

The requirement of adding folic acid to ‘enriched’
grains is different from voluntary addition of folic acid to
breakfast cereals and other products. Before the mandato-
ry fortification of enriched grains in 1998, Americans
have had a long exposure to synthetic folic acid. The
majority of pregnant women take a prenatal vitamin with
800 to 1,000 Ìg of synthetic folic acid. A study of postpar-
tum women in Boston showed that 91% percent of the
women in the study were consuming synthetic folic acid
in supplements [19]. Mean consumption was 1,087 Ìg a
day, and the range was from 200 to 6,759 Ìg per day. Sev-
enty-three percent of the women in the study consumed
800 Ìg a day or more. Within this range of folic acid con-
sumption, cord blood serum folate was 3 times higher
than that of the mothers’. From this study it is clear that
many pregnant American women consume much higher
amounts of synthetic folic acid than would be imple-
mented through mandatory fortification programs, and
that prenatal consumption of folic acid is very common.
Furthermore, the Boston study shows that supplemental
folic acid is very effective in raising maternal and fetal
serum folate concentrations.

Americans are also consumers of multivitamin supple-
ments. In the US, common multivitamin preparations
have contained 400 Ìg of synthetic folic acid since the
mid-1970s. About 25% of Americans consume a daily
multivitamin, with older Americans more likely to do so
than younger adults. About 20% of American babies born
over the last 25 years have been conceived by women con-
suming vitamin supplements with 400 Ìg of synthetic
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folic acid. During the recognized pregnancy, the folic acid
dose usually goes to at least 800 Ìg a day.

In the US, cold breakfast cereals have also been per-
mitted to have 400 Ìg of synthetic folic acid per serving
since the mid-1970s. Until recently, only a few brands of
cereal included 400 Ìg per serving, but almost all had at
least 100 Ìg per serving. Given that natural folate is only
half as bioavailable as synthetic folic acid, and given that
the usual Western diet contains about 200 Ìg of natural
folate, an American eating a serving of a breakfast cereal
with 100 Ìg of synthetic folic acid per serving doubles the
folate in his/her diet. A woman eating a brand fortified
with 400 Ìg would be increasing her consumption by a
factor of 5. Those who consume a multivitamin and eat a
serving of cereal with 400 Ìg would increase their folate
consumption 9 fold.

I make the point about Americans consuming such
large amounts of synthetic folic acid because the person-
years exposures of adults and embryos/fetuses has been
quite substantial. Human exposure to an extra 400 to
6,000 Ìg of synthetic folic acid a day has been prevalent
and of long duration in the US. The current best evidence
that we have is that supplement consumers have healthier
babies, fewer heart attacks and strokes, and lower rates of
colon cancer. There have been no reports of epidemics of
neurological complications due to vitamin B12 deficien-
cy. On the contrary, the Framingham study [$$$] has
been the source of several papers showing that supple-
ment takers have a lower rate of death [20, 21]. In addi-
tion to supplement consumers having lower mortality, it
is reassuring that this group of elderly people who are
examined every other year by excellent physicians has not
been reported to have had any neurological complications
of vitamin B12 deficiency associated with supplement
consumption. Given this extensive exposure and no re-
ports of harm, it is likely that exposure to folic acid in
doses even greater than 1,000 Ìg a day is safe. If there is
some undetected, serious adverse effect from such expo-
sures, it has not been uncovered in thousands and thou-
sands of Americans during years exposure to at least
400 Ìg of synthetic folic acid a day. Folic acid is not a
new, potentially toxic drug that human beings have not
been exposed to. While it is appropriate to be very cau-
tious when introducing a new drug to which humans have
not been widely exposed, the lack of such an exposure is
not a valid reason in the case of folic acid. The exposure of
human beings to synthetic folic acid has been extensive
and of long duration.

Another reason to be so detailed about consumption of
folic acid in the US over the last 25 years is that it differs

from most of the rest of the world. Looking at mean serum
folate in the US obscures the fact that the US really has
two populations. One population voluntarily consumes
400 Ìg or more of synthetic folic acid from vitamin sup-
plements or breakfast cereals, whereas the other does not
consume supplements or cold breakfast cereals. If one
wants to estimate the effect of mandatory fortification on
serum folate in the US, one should compare the prefortifi-
cation serum folate levels in the population that does not
consume folic acid supplements or eat cold breakfast cere-
als with the levels after fortification – rather than look at
total population changes. So far, these data have not been
published from the national nutrition survey.

Since the publication of the evidence showing that folic
acid prevents birth defects, the cold breakfast cereal
industry in the US has been pouring folic acid into their
products. Whereas only 4 products used to contain 400 Ìg
of folic acid per serving, there are now more than 50. Oth-
er brands have increased folic acid content from 100 to
200 Ìg per serving. This change in the voluntary amount
of folic acid added to American products has complicated
the evaluation of the effect of fortification on serum folate
caused by the mandatory fortification of ‘enriched’ cereal
grain products. Mean and median serum folate levels
post-fortification in the US overestimate the effect of the
folic acid added through mandatory fortification, because
folic acid was voluntarily added to commonly-eaten foods
like breakfast cereals. To put it another way: if another
country with a consumption of grains similar to that in the
US would be implementing fortification at the same con-
centration used in the US, the postfortification mean
increase in serum folate and mean reduction in homocys-
teine concentrations would be less than in the US. Ad-
justed for grain consumption and fortification levels,
postfortification mean changes in Chile are likely to be a
better estimate of the outcome in countries that newly
implement fortification, as there is little voluntarily add-
ed folic acid in the food supply, and folic acid vitamin
supplements are rarely used. Fortification in Chile is dis-
cussed further below.

The FDA required ‘enriched’ grains to be fortified at
a concentration expected to increase consumption by
100 Ìg – only one fourth of the amount recommended by
the PHS and the IOM. The combination of this fortifica-
tion and the increased voluntary addition of folic acid to
foods have resulted in quite a remarkable increase in
serum folate. For women of reproductive age, the median
serum folate increased from 5 to 15 ng/ml [22]. In addi-
tion, the proportion of women with serum folate levels of
less than 3 ng/ml dropped from 5 to 0.5%, or less [23]. In
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the whole population, prevalence of higher serum folate
increased, so now more than half the population has high-
er serum folate than the ninetieth percentile had before
fortification and the voluntary addition of folic acid to
food products. In Canada, the concentration of serum
B12 did not change as the folate concentration increased
[24].

The health benefits of fortification are a 20% reduction
in SBA rates, near eradication of folate deficiency anemia,
a marked reduction in serum homocysteine concentra-
tions and a reduction in mortality from strokes and heart
attacks [25–27]. Thus, the benefits have been large. No
adverse effects were expected and none have been re-
ported [16]. Fortification did not increase the price of
bread – fortification with folic acid costs about 0.1% of
the total price of flour. Most of the population was
unaware that their serum folate levels went up. There was
no need for behaviors to change. Like providing pure
water, providing improved ‘enriched’ grains affected the
population while requiring no changes in behavior.

In countries that do have centrally processed grains,
folic acid fortification can be easily and cheaply accom-
plished. For some poorer countries, there may be a need
to prime the pump with funding to buy and install equip-
ment, train staff, purchase vitamins for 1–2 years and per-
form evaluations of the program. Fortunately, the Bill and
Melinda Gates Foundation and others have begun a pro-
gram to promote micronutrient fortification around the
world.

In my view, the epidemic of diseases caused by folate
deficiency worldwide is sufficient to create a public health
emergency, requiring the immediate fortification of flour
and other centrally processed food staples. Folic acid for-
tification can be done immediately in a country like the
UK, where there has been fortification with other vita-
mins for years. In other countries, fortification could be
implemented within 24 months. Governments who could
but do not assure folic acid fortification are committing
public health malpractice [11, 28]. Willett and Stamfer
[29] conclude that ‘the failure of most countries to fortify
foods with folic acid represents a major lost opportunity
for improving health’.

Concentration of Folic Acid in Flour and Other
Products
Universal fortification of products should be at a con-

centration that would assure that at least the average
woman of reproductive age would consume at least
400 Ìg of synthetic folic acid a day. So far only Chile has
taken this prudent step [30]. Chilean women eat about

twice the amount of flour than women in the US. Chile
stipulated a concentration of 220 Ìg of synthetic folic acid
per 100 g of grain and started the program on January 1,
2000. Since Chile had already been fortifying flour with
other B vitamins and iron, it was very simple to add folic
acid. Millers add the vitamins, in the shape of a product
called a vitamin ‘pre-mix’, at the end of the milling pro-
cess. To change such a mill into a birth defect prevention
factory, the miller just buys and uses a premix that con-
tains folic acid. Once the decision to fortify has been
made, fortification can be implemented within a few
days. Assessment of the effects of the Chilean strategy
should be available soon. The UK Department of Health
Committee on the Medical Aspects of Food and Nutrition
Policy recommended that there be universal fortification
of flour at 240 Ìg of synthetic folic acid per 100 g, which
was estimated to increase median consumption by about
200 Ìg of folic acid a day.

As the US was the first country to fortify and selected
the low concentration of 140 Ìg per 100 g of grain, or
1.4 ppm (estimated to increase average consumption by
100 Ìg of synthetic folic acid), several other countries
have selected 1.5 ppm. If a country does not implement a
concentration to provide the average woman with 400 Ìg
a day, I suggest that a country use the UK recommenda-
tion of 240 Ìg per 100 g.

Supplement Programs as Complements to
Fortification Programs
Vitamin supplements frequently contain 400 Ìg of

folic acid. In the US, about 25% of the population con-
sume such supplements. Supplements are a very effective
means to raise serum folate and reduce homocysteine
[26]. The problem with a supplement program is that it
costs much more than fortification and reaches at most
only half of the target group [31–33]. If the supplement
program is targeted at women of reproductive age, older
women and men do not receive the advantage of having
their folate deficiency cured, and therefore do not have
the cardiovascular protection and prevention of folate
deficiency anemia that comes with a reduction in homo-
cysteine concentrations.

The Netherlands and the UK decided in the 1990s not
to fortify, but to have national public and professional
educational campaigns. If one regards these programs as a
behavior change program, one would call them successful.
Before the campaign in both countries, no more than 10%
of women of reproductive age were consuming 400 Ìg of
synthetic folic acid before pregnancy. After the programs,
in both countries about 50% of women were consuming
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400 Ìg of synthetic folic acid before and during the early
weeks of pregnancy. There are not many behavior change
campaigns that show a 4- to 5-fold change in behavior.
The women who took their vitamins had all the benefits
of such a consumption and would probably have received
little, if any, additional benefit from folic acid in fortified
foods.

On the other hand, the 50% that did not take any sup-
plements received no benefit and put themselves and
their fetuses at risk. These two national experiments with
supplements demonstrate that such strategies are not the
most effective population-wide strategy to prevent FA-P
diseases. The failure of supplement programs to reach
more than 50% of the population is a powerful argument
that, where technically possible (as it is in The Nether-
lands and the UK), there should be universal fortification
of grains so that the entire population benefits. The mon-
ey spent on professional and health education campaigns
in these countries could have paid the cost of fortification
for many years.

Fortification is the first priority. Is there a place for
supplement programs? I would say yes. In countries like
the US, where the folic acid concentration was set too low,
there should be well-financed campaigns to convince as
many women as possible to consume supplemental folic
acid to complement the current fortification program.
Where there is adequate fortification, these programs
should end.

Countries without Population-Wide Use of Centrally
Processed Foods
India is such a country. About 20% of the population

eat flour milled in large mills. Immediate fortification of
flour produced in these mills will bring the benefits to
about 200 million people and should be implemented as
soon as possible. Other strategies must be found for the
remainder of the population. Since much wheat is milled
in small mills, an easy and effective means of fortification
at small mills could help reach this segment of the popula-
tion in India, and in many other countries with small
mills. Research is needed to identify a process that works
and can be implemented.

In the underdeveloped world, supplement programs
have been implemented to try to prevent folate and iron
deficiency anemias. Programs seeking to have women
consuming supplements for the last 100 days of pregnan-
cy have been of limited success. Perhaps more effective
supplement programs could be tested and implemented.
Effective supplement programs for women of reproduc-
tive age should perhaps be started at school. Women who

have been pregnant can be encouraged to continue to take
the vitamins on an ongoing basis. Contraceptive pills
might have folic acid added so that the women who use
these products would have a better folate status when they
become pregnant. All countries should also ensure that
consumers can buy vitamin supplements or cold breakfast
cereals with at least 400 Ìg of folic acid per supplement
and/or per serving of breakfast cereals.

Increasing Consumption of Foods Naturally High in
Folate
Increasing consumption of foods naturally high in

folate is a good idea, but it has not been shown to be as
effective as synthetic folic acid in preventing birth defects
or lowering homocysteine. Unfortunately, increasing con-
sumption of foods naturally high in folate to a sufficient
level would require a major and unlikely behavior change.
Attempts in the US to increase consumption of fruits and
vegetables have had little success. The change in con-
sumption is far below what can be accomplished with for-
tification. In addition, we do not know how much folate
consumption would be necessary to have the same pre-
ventive impact as 400 Ìg of synthetic folic acid. There
have been no studies showing that increasing consump-
tion of foods rich in folate can actually decrease the risk of
birth defects.

It would be reasonable to conclude that increasing con-
sumption of food rich in natural folate could reduce birth
defects. It would also be reasonable to conclude that
increased consumption would have only a small propor-
tion of the effect in reducing birth defects a full fortifica-
tion or supplement program would have. It is also likely
that any increased consumption of foods with natural
folates would be a very slow process, and would take
decades to achieve. The potential for prevention from
dietary changes is quite modest compared to the excellent
prevention that can occur through universal fortification
or among those who consume supplements.

There is a bias in some sectors of the nutrition commu-
nity for getting vitamins and minerals only from food.
This bias has led to national recommendations in some
countries that are confusing and not based on best
science. I think that the clearest and most data driven rec-
ommendation is the one by the US PHS and reaffirmed
by the US IOM: all women of reproductive age should
consume 400 Ìg of synthetic folic acid daily and consume
a diet rich in natural folates. This simple policy should be
the policy of all governments.
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Recommendations for Governments, NGOs and
Funding Agencies

1 Immediately stipulate universal fortification of centrally pro-
cessed and widely eaten foods, such as flour, at a concentration of
at least 240 Ìg of synthetic folic acid per 100 grams.

2 Assure consumer access to folic acid supplement pills and break-
fast cereals with 400 Ìg of folic acid per pill or serving.

3 Fund effective supplement programs for women of reproductive
age to complement fortification programs.

4 Fund effective supplement programs for women of reproductive
age where there is no centrally processed food that can be forti-
fied.

5 Conduct research to identify effective strategies for fortification
in small mills.

6 Conduct research to identify effective strategies for supplement
programs for countries where fortification is not possible.

7 After fortification with folic acid, conduct surveillance of adults
and children for beneficial as well as potentially negative health
effects.
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