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“Never before have we had so little time in
which to do so much.” —Franklin Delano Roos-
evelt, Fireside Chat, February 23, 1942

Globally, 500,000 children are born each year with
spina bifida and anencephaly, two of the most common
and severe birth defects (Berry et al., ’99). One causes
permanent paralysis and the other fetal or infant death
(Botto et al., ’99). For more than a decade, we have had
randomized controlled trial proof that increased con-
sumption of supplemental, synthetic folic acid will pre-
vent approximately 375,000 of these birth defects each
year (MRC Vitamin Study Research Group, '91; Czeizel
and Dudas, ’92). This prevention is urgent! To para-
phrase Roosevelt, we can “in little time” implement
fortification programs that will “do so much.”

The advent of the polio vaccine brought a war-like
urgency. In the US, within a few months of the conclu-
sion of the trial establishing that the vaccine prevented
polio, a massive amount of vaccine was produced,
movie theaters across the country were rented to edu-
cate the medical community, and, within a year of the
completion of the study, American children received 4.0
million doses of vaccine.

Folic acid-preventable birth defects are as prevent-
able as polio! Preventing these birth defects is equally
urgent. The technology to fortify is simple and can be
inexpensively and almost immediately implemented
for large population groups.

MIRACLE OF FOLIC ACID FORTIFICATION
Folic fortification in the United States

Folic acid fortification of enriched products like flour
and bread has remarkably improved the health of
Americans. Plasma and serum folate concentrations
have increased, and plasma and serum total homocys-
teine (tHcy) concentrations have decreased, folate de-
ficiency anemia has virtually disappeared, the rate of
neural tube defects has decreased as has the mortality
from stroke and heart attacks.
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The US Public Health Service (USPHS) recom-
mended on September 11, 1992, that all women of
reproductive age consume daily 400 pg of folic acid to
prevent birth defects (Centers for Disease Control and
Prevention, ’92). Although the Food and Drug Admin-
istration (FDA) soon thereafter called the first public
meeting to consider fortifying enriched cereal grains, a
slow and arduous process finally led to publication of
regulations in 1996 permitting all enriched cereal
grains such as flour and corn meal to be fortified with
synthetic folic acid and requiring fortification by Jan-
uary 1, 1998 (Food and Drug Administration, ’96). The
FDA chose to require a concentration of synthetic folic
acid in enriched cereal grains estimated to increase the
average woman’s consumption of synthetic folic acid by
only 100 pg a day, only one-fourth that recommended
by the USPHS. The required concentration was 140 pg
of folic acid/100 g of grain or 1.4 parts/1,000,000. Syn-
thetic folic acid is the folate that is added to enriched
and fortified foods and to vitamin supplement pills.
Synthetic folic acid is about twice as effective in raising
serum folate as is an equal amount of folate from nat-
ural sources.

The requirement that all enriched grains be fortified
with folic acid resulted in nearly universal fortification
of wheat flour and corn meal, because most flours and
meals produced and eaten in the US are enriched. A
miller is required to fortify product only if he wishes to
label it enriched and ship it to other states. Some
millers, especially small local corn mills, do not ship to
another state or do not wish to claim that the product
is enriched.

Although the FDA required a concentration pro-
jected to be too low for maximum prevention of folic
acid-preventable birth defects, even that level of forti-
fication has had immediate and important effects. As
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shown on the cover, the median serum folate measured
in representative samples of women of reproductive
age increased from 4.8 ng/ml before fortification to 14.8
ng/ml after fortification (Centers for Disease Control
and Prevention, ’00). As the cover also shows, the post-
fortification median serum folate concentration (14.8
ng/ml) was higher than the pre-fortification 90th cen-
tile (11.7 ng/ml). Manufacturers of breakfast cereals
have also increased the folic acid in many of their
products in recent years. The contribution to the
change in median serum folate from folic acid volun-
tarily and newly added to breakfast cereals has yet to
be determined. Folate deficiency anemia virtually dis-
appeared (Lawrence et al., ’99). Spina bifida and anen-
cephaly rates were reduced by about 20%, much less
than one would have predicted based on the random-
ized controlled trials. These data suggest that fortifi-
cation did prevent ~800 of the 2,000-3,000 annual
cases of spina bifida and anencephaly that the PHS
predicted that folic acid could prevent (Honein et al.,
’01). It remains likely that had 95% of all women con-
sumed the 400 pg of synthetic folic acid a day as rec-
ommended by the US Public Health Service and the
Institute of Medicine, the level of reduction would have
been much greater.

About 25% of adult Americans consume daily multi-
vitamins with 400 pg of synthetic folic acid and 6 g of
synthetic vitamin B12 (Jacques et al., ’01) These mul-
tivitamin consumers have the normal low homocys-
teine concentrations compared to those who do not take
supplements (8.1 pmol/L vs. 10.1 pwmol/L.) Homocys-
teine is a recognized risk factor for occlusive cardiovas-
cular disease (Boushey et al., ’95). Homocysteine con-
centration is elevated usually because a person does
not consume enough folic acid. After folic acid fortifi-
cation, the serum homocysteine concentration of those
consuming multivitamins did not change, as they were
already consuming sufficient folic acid and vitamin B12
(Jacques et al., ’99). Those who were not consuming
multivitamin supplements showed a marked reduction
in homocysteine after fortification. Thus, fortifica-
tion caused a substantial reduction in a major cardio-
vascular risk factor among those not taking supple-
ments.

Boushey et al. ('95) projected that folic acid forti-
fication of enriched grains at the concentration re-
quired by FDA would prevent 40,000 heart attack
deaths each year. Tice et al. (01) projected that the
range for reduction in deaths from heart attacks
after fortification would be between 1 and 13%. In
1998, the year that fortification was completed, there
were 22,000 fewer heart attack deaths and 5,000
fewer stroke deaths than in 1997, a 3.4% reduction in
mortality for each condition (Martin et al., ’99).
These findings suggest that folic acid fortification
may have prevented many more deaths from heart
attacks and strokes than it prevented pregnancies
affected with birth defects.

INERTIA 45
Chile is leader in preventing folic acid-
preventable birth defects

So far, only one country, Chile, has implemented a
sustainable folic acid fortification program designed to
increase the average woman’s consumption of syn-
thetic folic acid by 400 pg (Freire et al., ’00). How did
Chile become the current international leader in pre-
venting folic acid-preventable diseases?

Dr. Wilma Freire, Coordinator of Food and Nutrition
Programs for the Pan American Health Organization,
was working in Central and South America to promote
fortification of flour with iron. When she learned of the
role of folic acid in preventing birth defects, she imme-
diately knew that adding folic acid to the ongoing en-
richment process for flour would be an inexpensive,
sustainable, and effective way to rid a country of folic
acid-preventable birth defects. She called on scientists
at the Center for Disease Control and Prevention,
Emory University, and the March of Dimes to assist
her and her colleagues in producing a policy for folic
acid fortification of wheat flour. With the policy in
hand, she discussed folic acid fortification of flour in
Chile, where wheat flour had been successfully fortified
with iron and several B vitamins for 20 years. Techni-
cally, it is very easy to add folic acid to an ongoing
fortification program; millers have a vitamin “pre-mix”
that they add in low concentration at the end of the
milling process. Once the millers buy a pre-mix with
folic acid in it, flour mills immediately become birth
defect prevention factories!

Dr. Freire ('00) and colleagues at the Institute of
Nutrition and Food Technology in Chile suggested to
the government that wheat flour be fortified at a level
so the average women would consume 400 pg of syn-
thetic folic acid a day. Because Chilean women eat each
day about 300 g of bread that is about 80% flour, they
chose a concentration of 2.2 mg/kg (2.2 parts/1,000,000
or 220 ng/100 g of flour) and implemented it on Janu-
ary 1, 2000. This fortification program should mark-
edly increase serum folate and decrease serum homo-
cysteine concentration. The health of the people of
Chile is likely to be improved by the prevention of birth
defects, heart attacks, and strokes.

Recent policy reviews in the United States and
the United Kingdom support folic
acid fortification

In 1998, The Food and Nutrition Board of the US
Institute of Medicine reaffirmed the PHS recommen-
dation that all women should consume 400 pg daily of
synthetic folic acid from enriched and fortified food
products or vitamin supplements (Food and Nutrition
Board IoM, '98). The UK Committee on Medical As-
pects of Food and Nutrition (COMA) performed a sys-
tematic review of all the evidence and in early 2000
recommended universal fortification of flour.

On scientific, medical, and public health grounds,
the Committee concluded that universal folic acid
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fortification of flour at 240 pg/100 g in food products
as consumed would have a significant effect in pre-
venting NTD-affected conceptions and births with-
out resulting in unacceptably high intakes in any
group of the populations (Committee on Medical As-
pects of Food and Nutrition Policy [COMA], ’00).

FOLIC ACID FORTIFICATION SHOULD BE
IMPLEMENTED IMMEDIATELY

Folic acid fortification works. It is safe, cheap, and
remarkably improves the health of children and adults.
Universal (or near universal) folic acid fortification
should be implemented immediately where there is
centralized processing of such commonly eaten foods as
wheat flour. Although new information could suggest a
different level, for the foreseeable future flour should
be fortified at 240 ng/100 g of grain. Fortified flour can
also be the vehicle for other B vitamins, including
vitamin B12, and for the minerals iron and zinc. For-
tification of flour with folic acid, however, should not be
delayed by protracted discussions of what other nutri-
ents to add. If there can rapidly be an agreement about
including other vitamins and minerals, they should be
added. If the discussions are to be drawn out, folic acid
fortification should proceed immediately.

In many developing countries, policy makers accept
the evidence that fortification with vitamins and min-
erals can improve the health of the people, and various
international agencies are moving rapidly to imple-
ment fortification. For some developing countries, lack
of resources has been retarding the rate of fortification.
The Melinda and Bill Gates Foundation and other pri-
vate and public donors are considering providing re-
sources to promote fortification in developing coun-
tries.

INERTIA ON FOLIC ACID FORTIFICATION

No country in Europe has required universal or near
universal fortification with folic acid. This inertia daily
causes hundreds of children and adults to die, to be
disabled, and to have illnesses that can be prevented by
folic acid fortification. The impediments are not from
lack of resources, nor from ignorance. The impediments
are driven by cultural, philosophical, and policy fads.
Because of these fads, European governments have
failed to implement folic acid fortification in a timely
manner. There is insufficient recognition that there is
near universal folate deficiency and that adults in the
population will also benefit from fortification. Those
who advocate delay raise issues of risk that are hypo-
thetical and probably do not exist. I will consider these
impediments to fortification.

Nutrition culture

The predominant cause of spina bifida and anen-
cephaly is exposure to folate deficient diets. In 1991,
The Lancet published the results of the MRC trial that
proved that supplemental, synthetic folic acid would
prevent the majority of spina bifida and anencephaly

affected pregnancies (MRC Vitamin Study Research
Group, '91). This landmark paper, building on the ear-
lier work of Laurence et al. ('81) and Smithells et al.
(’83) is worthy of the Nobel Prize in Medicine. Not only
did this study prove that folic acid-preventable birth
defects are as preventable as polio, but it also added
folate deficiency to rubella infection, alcohol consump-
tion, and maternal diabetes as a major known cause of
birth defects rooted in nature.

In some ways, it is unfortunate that a man-made
chemical was not found to be the predominant cause of
spina bifida and anencephaly. The current culture of
environmental concern leads to major public policy ac-
tions and expenditures seeking to protect human be-
ings on much less evidence than the evidence that folic
acid prevents spina bifida and anencephaly. For exam-
ple, regulations in the US seek to keep exposure to
potential cancer causing, man-made chemicals below a
level that is hypothesized to keep the rate of cancer
below 1 in 1,000,000 exposed population. If the MRC
study had proved in human beings that a man-made
chemical was the cause of 75% of two of the most
common and severe birth defects, and that the birth
defects occurred at the rate of 5,000/1,000,000 exposed
population, the chemical would have been swiftly re-
moved and global prevention of these preventable birth
defects would have been accomplished by now.

We are, however, far from global, total prevention of
folic acid-preventable birth defects. United Kingdom
and other European nutritional policy makers have
unnecessarily contributed to the delay in prevention by
failing to assure folic acid fortification. All governments
should immediately take the inexpensive and simple
step of requiring that flour be fortified with folic acid at
a minimum of 240 pg/100 g of flour, a public health
action recommended in 2000 by a UK expert nutrition
committee (COMA) and one that is certain to prevent
each year thousands of cases of birth defects and folate
deficiency anemia, and likely an order of magnitude
more heart attacks and strokes.

We are all folate deficient

Many in the nutrition community adhere to the con-
cept that any nutritional factor needed for human
health can and should be obtained only by consuming a
healthy and balanced diet. This belief in the US and
many other countries leads to the conclusion that for-
tification and supplement programs simply are not
needed. This position is not supported by current folic
acid evidence and by the well known benefits of forti-
fication with iodine, iron and other minerals and vita-
mins.

Estimates of the amount of folate needed for human
beings have been, for decades, based on how much is
needed to prevent folate deficiency anemia. Several
decades ago, the amount recommended for this purpose
was 400 g of folate/folic acid/day (unfortunately the
terms folate and folic acid are often used interchange-
ably even though synthetic folic acid is twice as effec-
tive as natural folates in foods). In the 1980s, many



food advisory bodies arbitrarily decreased the recom-
mendation to 200 pg/day, based on studies of estimates
of natural folate consumption from food suggesting
that the average consumption was 200 pg of natural
folate a day in most Western countries. Because folate
deficiency anemia was of low incidence, the recom-
mended daily allowance was lowered to 200 pg folate/
folic acid. The advisory bodies and their consultants
have been slow to accept the fact that almost all who do
not consume an additional 200-400 pg of synthetic
folic acid a day, above the 200 ng of natural folate in
their diet, are folate deficient. Now the science has
advanced. The old folate deficiency anemia standard
underestimates the amount of folate needed for health
and ignores the fact that almost all who do not take
synthetic folic acid supplements or fortified foods are
folate deficient.

Homocysteine is a good biomarker of folate status. At
sufficiently high serum/plasma folate concentrations
(adequate), homocysteine concentrations are reduced
to a plateau of approximately 7—8 nmol/L (Lewis et al.,
’92). Below a certain serum folate, there is a linear
increase in homocysteine concentration as folate de-
clines. Data from New Zealand, Ireland, the Framing-
ham study and the NHANES III study show that the
vast majority of people are not consuming enough nat-
ural folate to reduce their homocysteine to the plateau
(Selhub et al., ’93, ’99; Riddell et al., ’00; Jacques et al.,
’01).

A recent Dutch study agrees (deBree et al., ’01).
Among non-supplement takers, there is a graded re-
duction in homocysteine over increasing quintiles of
estimated consumption of natural folates. Thus, natu-
ral folates in food can reduce homocysteine. In the
highest quintile of natural folate consumption, how-
ever, the concentration of homocysteine remains high
at 12.2 nmol/Li for women and 13.0 nmol/L for men,
rather than the 7-8 nmol/LL one would expect with
sufficient folic acid consumption. In the Netherlands,
even the highest quintile of consumers of natural fo-
lates in food do not reach the low, normal homocysteine
plateau. In an Irish study, Quiniivan et al. (02) showed
that individuals fed 400 pg of folic acid a day achieved
homocysteine levels of about 7 wl/L. In a study from
Aberdeen, Rydlewicz et al. (02) noted: “We deliberately
studied the elderly (65—75 years) ...because they have a
higher dietary requirement than younger people ...”.
Based on their feeding of different amount of folic acid,
they suggest that it would be necessary for people
65-75 years of age to consume 400—600 g of synthetic
folic acid a day to reduce homocysteine to 10 wl/L. The
non-supplementing Dutch are all folate deficient. Be-
cause the Dutch are an economically advantaged pop-
ulation, it is reasonable to suggest that almost every-
one in the world who is not supplementing is also folate
deficient.

Using homocysteine concentrations to estimate fo-
late need may also underestimate human need for folic
acid. The studies estimating need for folic acid based on
a homocysteine standard all are based on data ob-
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served in adults. Cell division in an embryo or fetus is
much faster than in an adult; hence there is an in-
creased need for folic acid to supply building blocks for
DNA base pairs. Consumption of folic acid should be
sufficient to protect the developing nervous system
from spina bifida and anencephaly.

Fenech (01) has reviewed the role of low folate in
causing chromosomal breaks, hypomethylation of
DNA, uracil misincoorporation in DNA and micronu-
cleus formation. These are all indicators of mutation
and instability of the human genome. He notes that,
based on the micronucleus index in lymphocytes, the
consumption of 700 pg of synthetic folic acid and 7 pg
of vitamin B12 a day would be appropriate for stabiliz-
ing human genomic DNA. This level of consumption
results in homocysteine concentrations of 7.5 pmol/l.
Thus Fenech (01) suggests that keeping DNA healthy
requires a much higher consumption of folic acid (and
B12) than the current recommendations and usual con-
sumption.

Public health policies and programs designed
only to increase the consumption of natural
folates in food are inadequate because they will
prevent too little of what is preventable

The randomized controlled trials proving that folic
acid would prevent spina bifida and anencephaly were
conducted with women eating their usual diets and
consuming a supplement of at least 800 wg of synthetic
folic acid in a pill. There have been no randomized
controlled trials to show that a change in diet alone will
lower the risk of spina bifida and anencephaly.

There are, however, data that suggest that increas-
ing consumption of natural folates would have some
limited protective effect. A study of largely un-supple-
menting Irish women shows that the risk of having a
child with spina bifida or anencephaly decreases with
increasing plasma and red cell folates (Daly et al., 95).
The Irish women with the lowest quintile of plasma
folate had a spina bifida and anencephaly rate of ~40/
10,000 births. The Irish women in the upper quintile of
plasma folate had a rate of spina bifida and anenceph-
aly pregnancies of 10/10,000. In a large study in China
where supplementation is also rare, the rate of these
birth defects in the North of China was 48/10,000 and
the rate in the South was 10/10,000 births (Berry et al.,
’99). There is a remarkable consistency of the range of
spina bifida and anencephaly in two otherwise quite
different non-supplementing populations. It is reason-
able to conclude that, across the range of consumption
of natural folates in the diet, there is a dose response
between natural folate consumption and risk of these
birth defects. Thus, increasing consumption of natural
folate is likely to provide some protection against hav-
ing a baby with SBA.

The China study was a large community trial con-
ducted in two different areas, one in the North and one
in the South. In Chinese women who received 400 g of
synthetic folic acid a day above the natural folate in
their diet the rate of spina bifida and anencephaly
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decreased to 7 or 6/10,000. In the North where the
background rate of SBA was 48/10,000 pregnancies,
the rate was reduced by 85% to 7/10,000. In the South,
where the background rate was 10/10,000, the rate was
reduced 40% to 6/10,000. It is reasonable to assume
that, had the Irish women been consuming an extra
400 pg of synthetic folic acid, the spina bifida and
anencephaly rate would have been lowered by 85% in
the women in the lowest quintile of plasma folate and
by 40% in the women in the highest quintile of plasma
folate. To prevent all folic acid-preventable birth de-
fects requires consumption of synthetic folic acid even
for women who are currently at the upper end of the
distribution of natural folates.

The best public health policy would lead to an imme-
diate prevention of all folic acid-preventable birth de-
fects. A public health policy that relies solely on recom-
mendations and programs to increase consumption of
natural folates is insufficient. Randomized controlled
trials to increase consumption of fruits and vegetables
have shown that current intervention strategies, even
if they could be applied effectively to the population,
make scant improvements in dietary consumption.
These studies usually show an increased consumption
of no more than one serving of fruit a day or about the
equivalent of 25 pg of synthetic folic acid. Thus, al-
though it is clear that improving diets would likely
reduce the risk of birth defects, that reduction would be
modest and slow. A rapid and full reduction in these
preventable birth defects requires an increased con-
sumption of synthetic folic acid.

Supplement programs are helpful but leave at
least 50% of women unprotected from increased
risk of having children with folic acid-
preventable birth defects

Many in the nutritional community have argued
against fortification by claiming that a well-funded pro-
fessional and public health education campaign to pro-
mote consumption of vitamin supplements with syn-
thetic folic acid by women of reproductive age would be
as effective as a fortification program to prevent birth
defects. United Kingdom and the Netherlands con-
ducted well-financed and well-run programs of profes-
sional and public health education to promote con-
sumption of folic acid vitamin supplement pills. We
now know that such programs are ineffective for at
least half of women of reproductive age.

De Walle and de Jong-van den Berg report in this
issue an evaluation of the national and multi-year cam-
paign in the Netherlands to promote the daily con-
sumption of 500 wg of synthetic folic acid in supple-
ments from 4 weeks before pregnancy through the first
8 weeks of pregnancy. When the campaign began in
1995, the use of folic acid containing supplements in
the recommended time period was less than 10%. The
percentage of proper use peaked around 40% in 1998
and was unchanged at 36% in 2000. Although the cam-
paign changed behavior remarkably and rapidly, it was
far from sufficient from a population viewpoint. There

was an ~400% increase in the percentage of pregnant
women consuming folic acid at the recommended times
for prevention of birth defects, a rate rare for a behav-
ioral intervention program. Results of the supplement
campaign in the UK were similar to the Dutch experi-
ence (Raats et al., ’98). Any woman who was consuming
folic acid supplements as advised markedly increased
her serum folate and eliminated or almost eliminated
her risk of having a child with a folic acid-preventable
birth defect. For these women the results of the cam-
paign were good.

Despite the success of the Dutch and UK supplement
programs, no more than 50% of targeted women con-
sumed sufficient supplemental folic acid to prevent
birth defects. The Dutch and UK supplement programs
provide conclusive evidence that, if we are to prevent
more than 50% of the preventable birth defects, we
need near universal fortification of a commonly eaten
food staple like flour with sufficient folic acid.

Wald et al. ('01) suggest that, for maximum preven-
tion, there should be universal folic acid fortification of
flour at 240 pg/100 g of grain (as recommended by
COMA) and a program to promote 5.0 mg supplements
for all those women planning a pregnancy. Given that
no more than 50% are likely to take the supplement, I
would prefer to have a fortification level that assured
that 95% of women of reproductive age are consuming
400 pg of synthetic folic acid. A higher level of fortifi-
cation would leave a smaller part of folic acid-prevent-
able spina bifida and anencephaly to be prevented by
supplements.

LACK OF UNIVERSAL FOLIC ACID
FORTIFICATION HARMS ADULTS

The decision by the Dutch Health Council not to
recommend fortification is an error in public health
judgment. It fails to acknowledge that all non-supple-
menting Dutch are folate deficient and that the health
of the Dutch population would be improved by con-
sumption of folic acid fortified products. As shown from
the US experience, fortification at 140 wg/100 g of flour
leads to the near elimination of folate deficiency ane-
mia and a remarkable reduction in plasma homocys-
teine.

Failure to recognize the importance of data
suggesting that folic acid will prevent heart
attacks and strokes

The Dutch Health Council noted, “It is not impossi-
ble that this recommendation will need to be reviewed
once further insights have been obtained into the pos-
sible positive effects of extra folic acid on homocysteine
metabolism and accordingly the prevention of cardio-
vascular diseases” (this is code for we will not recom-
mend folic acid fortification until more randomized con-
trolled trials show that reduction in homocysteine by
folic acid will prevent cardiovascular disease). The sen-
tence from the Dutch report does not reflect the exten-
sive literature on the subject, literature which has con-



clusively shown that folate deficiency is the primary
cause of increased homocysteine, that 400 pg of sup-
plemental folic acid will remarkably reduce homocys-
teine levels, and that homocysteine level is a risk factor
for occlusive cardiovascular disease (Boushey et al., ’95;
Graham et al., ’97). As the primary reason homocys-
teine is increased is insufficient serum folate, it is con-
ceivable that folate deficiency, rather than elevated
homocysteine concentrations is the modifiable risk fac-
tor for occlusive cardiovascular disease. A large, mul-
ticenter European study published in 1997, including
Dutch investigators, Dutch subjects and Dutch finan-
cial support, stated:

We conclude that an elevated plasma tHcy level is
now established as a strong and independent factor
associated with all categories of atherosclerotic dis-
ease in both men and women. An elevated plasma
tHcy level interacts strongly with smoking and hy-
pertension. It is known that folate supplementation
reduces homocysteine levels both in the fasting state
and after methionine loading and that pyridoxal
5'-phosphate can lower post methionine homocys-
teine levels. Users of these vitamins have lower ho-
mocysteine levels than nonusers do, and there is a
suggestion of reduced risk in vitamin users in the
present study (Graham et al., ’97).

This large, well conducted, controlled study con-
cludes that homocysteine is a strong predictor of ath-
erosclerotic vascular disease and that consumption of a
simple multivitamin is associated with a strong protec-
tive effect—a statistically significant 62 percent reduc-
tion in atherosclerotic vascular disease. The Dutch
Health Council report should have considered how
likely is it that the Dutch older than 50 would have
been helped by consuming extra folic acid rather than
looking only at the possibility for harm, for which there
is little supporting data. The comparison of risk with
benefit for those over 50, would have shown that the
possibility of benefit far exceeded the possibility of risk.

Causal inference does not require randomized
controlled trials

There are times when good public health policy can
and should be made without evidence from randomized
controlled trials. For example, there are no randomized
controlled trials showing that cigarette smoking causes
lung cancer, but we have built public health programs
to try to prevent smoking.

The usual position of review bodies, discussions in
scientific papers, and editorials is to dismiss all data
suggesting the possible protective effect of folic acid on
cardiovascular disease until there are randomized con-
trolled trials. Such trials are currently underway
(Clarke and Armitage, ’00). Bostom has noted the like-
lihood of demonstrating benefit in the US is greatly
diminished because the fortification substantially re-
duced plasma homocysteine (Bostom et al., ’01). Mean-
while, pertinent randomized controlled trials have
been published.
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There is a randomized controlled trial from China
showing that a multivitamin supplement containing
800 g of folic acid, 18 pg of vitamin B12 and 6 mg of
vitamin B6 reduces stroke mortality by 37% (RR =
0.63; 95% CI: 0.37-1.07) (Mark et al., ’96). Although not
measured, plasma homocysteine concentrations were
likely substantially reduced by the vitamin consump-
tion. For men there was a 58% reduction in stroke
mortality (RR = 0.42; 95% CI: 0.19-0.65) whereas for
women there was little effect (RR = 0.93; 95% CI:
0.44-1.98). In the Framingham study, stroke mortality
is 80% higher in those in the upper quartile of plasma
homocysteine as compared to those in the lowest quar-
tile (B vitamin supplement consumers) (Bostom et al.,
’99). Schnyder et al. ('01) conducted a randomized con-
trolled trial that showed that a folic acid, vitamin B12
and pyridoxine supplement decreased the rate of “re-
stenosis and the need for revascularization of the tar-
get lesion after coronary angioplasty.” There are many
well controlled studies in which folic acid administra-
tion reduced homocysteine levels. As noted above,
Boushey et al. ("95) projected the likelihood of a pro-
found benefit for those 50 and older.

The authors of the European study quoted above
offer:

We believe it is time to consider whether existing
recommended daily allowances of the vitamins that
modulate homocysteine metabolism are adequate
and to undertake randomized controlled trials of the
effects of folic acid and perhaps pyridoxine in the
secondary prevention of cardiovascular disease
(Graham et al., ’97).

The recommendation for more randomized controlled
trials rather than folic acid fortification is now several
years old and has been acted upon. Continued waiting
for new trials and complete results is short-sighted and
causes harm to the public health. To deny those 50 and
older access to foods fortified with folic acid likely puts
older adults at an unnecessary risk of an occlusive
vascular death.

Sir Bradford Hill was a powerful promoter of ran-
domized controlled trials for drugs and other medical
interventions. He realized, however, that randomized
controlled trial evidence was not always necessary for
public policies.

The Case for Action. Finally, in passing from asso-
ciation to causation I believe in “real life” we shall
have to consider what flows from that decision. On
scientific grounds we should do no such thing. The
evidence is there to be judged on its merits and the
judgment (in that sense) should be utterly indepen-
dent of what hangs upon it-or who hangs because of
it. But in another and more practical sense we may
surely ask what is involved in our decision. In occu-
pational medicine our object is usually to take ac-
tion. If this be the operative cause and that be del-
eterious effect, then we shall wish to intervene to
abolish or reduce death or disease.
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While that is a commendable ambition it almost
inevitably leads us to introduce different standards
before we convict. Thus on relatively slight evidence
we might decide to restrict the use of a drug for
early-morning sickness in pregnant women. If we
are wrong in deducing causation from association no
great harm will be done. The good lady and the
pharmaceutical industry will doubtless survive.

Sir Austin Bradford Hill. The Environment and
Disease: Association or Causation? (Hill, ’65)

For the US, Boushey et al. ("95) estimated that add-
ing an additional 300 pg of synthetic folic acid in the
diet through fortification would decrease deaths from
coronary artery disease alone by 50,000 deaths a year.
For public health comparisons, there are about 30,000
deaths from motor vehicle crashes each year.

If there were no randomized controlled data proving
that folic acid prevents birth defects and if one had to
justify the decision for folic acid fortification on the
cardiovascular data alone, should we not “ask what is
involved” in making a causal inference and a fortifica-
tion decision? The data are strong enough to assume
“operative” causality and move to fortification. If we
conclude operative causality and move to folic acid
fortification, we stand to risk that society will have
spent some extra money unnecessarily if it is later
conclusively shown that there is no protective effect.
The cost of fortification is trivial compared to the cost of
already funded educational campaign in UK and the
Netherlands to promote supplement taking. On the
other hand, if we reject operative causality and do not
fortify and causality is later established, our lack of
action would have caused hundreds of thousands to
have morbidity, disability and death from cardiovascu-
lar disease that we could have prevented. It is better
“...to intervene to abolish or reduce death or disease.”
Because we know that folic acid will prevent hundreds
of cases of severe birth defects a year, it is just as
unethical to prevent folic acid fortification of grains in
Europe to conduct randomized controlled trials of car-
diovascular endpoints as withholding penicillin from
Tuskegee men to study the natural history of syphilis.

Folate deficiency mutagenesis
and colon cancer

The potential of folic acid fortification to prevent
colon cancer has not been adequately considered in
policy discussions of fortification. Ames (01) and Gio-
vannucci et al. ("98) have shown that folate deficiency
increases the incorporation of uridine in DNA. Ames
(01) argues that mutations through this mechanism
can play a role in colon cancer and may explain why
nurses who consumed multivitamins with folic acid
and vitamin B12 for 15 years have been found to have
a 75% reduction in colon cancer. We must make our
inferences about causality between folic acid consump-
tion and prevention of colon cancer from observational
studies. It is highly unlikely that there will ever be a
15-year randomized controlled trial to see if supple-
mental folic acid will prevent colon cancer. If a man-

made chemical had been shown to be mutagenic in a
test tube and had been shown in a Harvard School of
Public Health longitudinal study to cause a four-fold
increase in colon cancer, there would likely have been
swift action to remove the exposure. It is inappropriate
that a current scientific fashion has precluded consid-
eration of the prevention of colon cancer in the policy
discussion of folic acid fortification.

Folic acid is safe—nothing to fear
but fear itself

Policy reviews of folic acid fortification raise three
issues related to vitamin B 12 deficiency as possible
reasons not to institute folic acid fortification of flour.
These issues are “masking,” a rapid course of neurode-
generation from vitamin B12 deficiency, and the mild
B12 deficiency common among those over 50 years of
age.

The data suggesting risk at any consumption level of
synthetic folic acid are weak, especially when consid-
ering the 100—400 pg median increases of folic acid
consumption that might occur from a fortification pro-
gram. There is, unfortunately, a tendency to dwell on
these mostly theoretical concerns and overlook the
data showing profound benefits of increased folic acid
consumption for those 50 and older. The risk issues are
repeatedly raised in ways that confuse the folic acid
fortification discussion.

The myth of “masking”

There are clinical studies showing that persons with
megaloblastic anemia or neuropathy from severe vita-
min B12 deficiency who are treated with large doses of
folic acid, usually at least 5,000 pg/day or more, can
have a remission of the anemia and a progression of or
onset of neuropathy (Vilter et al., ’47). This observation
led to speculation that, if persons consumed high doses
of folic acid and were B12 deficient, they would not
become anemic (anemia would be “masked”) and doc-
tors would not make a timely diagnosis of the B12
deficiency; neuropathy would unnecessarily develop or
progress because the anemia and therefore the B12
deficiency was not diagnosed. Dickinson (°95) found, in
the medical literature, that pernicious anemia in the
first half of the 20th Century presented with neurolog-
ical symptoms alone about 25% of the time. The view
that pernicious anemia progresses from anemia to neu-
ropathy is incorrect. “Pernicious anemia” is in fact a
disease that can present with anemia, neuropathy, or
both. Clinicians must be on the alert to perform a
proper diagnostic work up of any of the presentations.

Fortunately, excellent blood tests are now available
for measuring vitamin B12 levels. Consistent with a
timely diagnosis and treatment, the severe forms of
vitamin B12 deficiency, such as combined systems dis-
ease, have been very rarely reported in the last 40
years in developed countries (Lindenbaum et al., ’88).

An adverse effect of a drug is found usually after
there is wide exposure to the drug. Since the early
1970s, about 25% of Americans have consumed at least



an extra 400 g of synthetic folic acid and 6 ng of
vitamin B12 by consuming multivitamin supplements
with folic acid in them or breakfast cereals with 400 pg
of synthetic folic acid per serving. There have been
more than 1 billion person-years of exposure. If con-
sumption of 400—800 ng of synthetic folic acid can
make the course of vitamin B12 deficiency worse, one
would have expected the natural history of B12 defi-
ciency in the US to become more severe; instead, the
disease has become less severe (Lindenbaum et al.,
’88). To be fair, I do not know of a study that has
specifically focused on the question. On the other hand,
the participants from the Framingham cohorts are ex-
amined frequently. As far as I am aware, there are no
reports from Framingham of adverse effects on the
course of pernicious anemia among vitamin supple-
ment consumers. In fact, it is the supplement takers
with lower homocysteine levels that have been shown
to have lower mortality. With such a large exposure to
synthetic folic acid and with the well known hypothesis
of “masking,” reports with milder and milder presen-
tations of vitamin B12 deficiency likely mean that sup-
plemental folic acid does not delay the diagnosis and
does not affect the course of vitamin B12 deficiency.
The US Institute of Medicine report dismissed the idea
of “masking” as a reason not to fortify (Food and Nu-
trition Board, ’98). Evidence for harm from folic acid to
anyone with vitamin B12 deficiency is non-existent.
“Masking” of B12 deficiency is not a concept based on
contemporary medicine and should finally be dis-
carded.

Lack of treatment with vitamin B12
responsible for rapid course of pernicious
anemia, not folic acid

The Dutch report mentions that “rapid” neurological
progression (6 months from first mild symptoms to full
blown combined systems disease) of pernicious anemia
has been occasionally reported in persons untreated
with vitamin B12 but treated in error with large doses
of folic acid. Dickinson (°95) found similar case reports
of “rapid” progression before synthesized folic acid was
available. There are no controlled studies suggesting
that folic acid treatment affects the course of untreated
vitamin B12 deficiency. There are no data to indicate
that rapid progression is anything other than one of the
clinical courses to be expected in untreated B12 defi-
ciency, whether or not folic acid is consumed.

The US Institute of Medicine review quotes a paper
purporting to show a more rapid progression of B12
induced neuropathy in monkeys treated with folic acid
than those not treated (Agamanolis et al., ’76). The
IOM report, however, did not discuss a very serious
design flaw in the paper. At the beginning of this ex-
periment, eight monkeys were made B12 deficient by a
diet poor in vitamin B12 and three of them were
treated with vitamin B12. Two of the five untreated
vitamin B12 deficient monkeys died, one at 39 months
with few symptoms and one at 53 months. Four addi-
tional monkeys were added to the experiment at the
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beginning of the second year. These four were made
B12 deficient and three were given large doses of folic
acid. None of the monkeys treated with folic acid died
after 48 months of vitamin B12 deficiency. Thus, only
monkeys not treated with folic acid died.

An autopsy on the untreated monkey that died at 39
months of vitamin B12 deficiency found optic nerve
pathology. Forty-three months after the first monkeys
were begun in the study, funduscopic exams were
started on the remaining seven monkeys in the first
cohort and the three folic acid treated vitamin B12
deficient monkeys that had entered the study 12
months later. None of the first eight monkeys were
examined before they had experienced at least 43
months of vitamin B 12 deficiency. After folic acid-
treated monkeys had been in the study for 33 months,
all three of the B12 deficient, folic acid treated monkeys
were observed to have slight optic atrophy, earlier than
observed in the monkey who died after 39 months in
the study. Funduscopic exams, however, were never
performed on the dead monkey. Given the design flaw,
the failure to examine the first set of monkeys earlier,
these data do not constitute reasonable evidence that
the B12 deficient monkeys had earlier onset of disease
or were harmed by folic acid. Notwithstanding the IOM
conclusion, this experiment is consistent with the idea
that the folic acid prevents mortality in vitamin B12
deficient monkeys.

Mild B12 deficiency is common and easily
corrected with 2.4 pg of synthetic vitamin B12

The Dutch report notes that 25% of the elderly may
have mild biochemical indicators of intracellular vita-
min B12 deficiency. This deficiency is not pernicious
anemia but is caused by decreased absorption of pro-
tein-bound B12 associated with the decrease in gastric
acid production that occurs increasingly above age 50.
The US Institute of Medicine noted this phenomenon
and recommended that all aged 50 and older consume
2.4 pg of synthetic vitamin B12 a day (Food and Nu-
trition Board, ’98). Because there are no data suggest-
ing that consuming folic acid harms anyone with mild
B12 deficiency, this situation should not be used as an
excuse to prevent folic acid fortification. The obvious
solution to this B12 deficiency in Holland, the US and
elsewhere is to add synthetic B12 to the flour, not to
delay adding folic acid to the flour. It is puzzling that
the Food and Drug Administration in the US has yet to
follow the recommendation of the IOM report and for-
tify grains with vitamin B12.

Randomized controlled trials will not
determine the risk to persons with
vitamin B12 deficiency

Clarke and Armitage ('00) review randomized con-
trolled trials testing the effectiveness of homocysteine-
lowering vitamins to prevent cardiovascular disease.
There is almost no chance that the eight clinical trials
they describe will provide any meaningful new evi-
dence between folic acid consumption and untreated
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vitamin B12 deficiency. Six of the eight trials use suf-
ficiently large doses of oral vitamin B12 to cure even
the B12 deficiency caused by pernicious anemia. There
will be no subjects with B12 deficiency to observe for
the effects of increased consumption of folic acid. The
other two studies contain only 14,000 subjects, a small
cohort to examine for a possible rare adverse effect.
There is no reason to delay fortification waiting for
data that will be non-informative.

Those who see the world only through the eyes of
randomized controlled trials apparently forget that the
primary purpose of such trials is to show efficacy. Most
adverse effects of drugs are discovered when there is
wide exposure after marketing of the drugs. These
post-marketing discoveries of adverse effect are almost
always based on observational studies, which result in
the removal of drugs from the market, not the random-
ized, premarket studies of a limited number of pa-
tients.

Exposure to at least 400 pg of synthetic folic acid has
been common in the US since the early 1970s. There
have been one billion person-years’ exposure. Case-
control studies in the US population are much more
likely to find adverse effects, if there are any, than any
randomized studies in progress (Rodrigues and Smith,
’99). Case-control and longitudinal studies have shown
that folic acid supplement takers have less disease
than those who do not consume. Collectively there is no
evidence of, or suggestion of, any adverse effects. The
lack of adverse effects does not derive from insufficient
exposure. It is a mistake for anyone to suggest that
folic acid fortification should be delayed until we have
“safety” evidence from cardiovascular randomized con-
trolled trials. Such suggestions fail to recognize the
current evidence and fail to acknowledge that the cur-
rent trials will be uninformative.

Controlled field trial is unethical

Wharton and Booth ('01) argue that a “controlled
field trial” should be conducted before there is folic acid
fortification in the UK. Their arguments are not per-
suasive. They suggest there might be a hazard from
folic acid fortification that might be found in a field
trial. The probability that such a problem exists is
negligible. Given the more than 1 billion person-years’
exposure to at least 400 pg of folic acid a day over the
last 25 years in the US and no discernible problem, it is
unlikely any problem would be discovered in a con-
trolled field trial with a few thousand person-years.
The statistical power will simply not be there.

In a controlled field trial, how could one ethically
justify the spina bifida cases that would occur in the
non-fortified areas? Eight front-seat airbag deaths a
year in the US led to changes in design and policy.
Wharton and Booth (01) propose controlled field trials
that, if possible to perform, would take 10 years and
would provide little useful information that is not now
available. During these 10 years of no fortification,
4,000 pregnancies from the UK alone will develop folic
acid-preventable birth defects; thousands of children

and adults will have unnecessary folate deficiency ane-
mia. In addition, nearly the entire population of adults
will be exposed to homocysteine concentrations that
will put them at risk for heart attacks and strokes.
Boushey et al. ("95) estimate that folic acid would pre-
vent at least 10 times the number of heart attacks as
neural tube defects. Thus a 10-year delay is likely to
cause about 40,000 men and women in the UK to die
prematurely from heart attacks, to say nothing of the
number who would die from strokes.

In June, 1991, my CDC colleagues were about to
start a large randomized controlled trial of synthetic
folic acid in a large group of Chinese women to deter-
mine its efficacy in preventing neural tube defects.
When we learned of the results of the MRC study, we
concluded that efficacy of folic acid had been conclu-
sively shown. We also concluded that it would no longer
be ethical to conduct a placebo, randomized controlled
trial in China. Based on the US Public Health Service
folic acid recommendation, the Chinese Ministry of
Health decided to conduct a public health campaign to
prevent NTDs by asking women who were planning to
get married to take a daily pill containing 400 mcg of
folic acid until the end of the first trimester (Berry et
al., ’99). A randomized controlled trial in India to ex-
amine the possible role of multivitamins in preventing
the recurrence of open neural tube defects was also
terminated when the MRC results were published (In-
dian Council of Medical Research Collaborating Cen-
tres and Central Technical Coordinating Unit I New
Delhi, ’00).

The UK has the capacity to fortify flour with folic
acid immediately. A major policy review body has rec-
ommended fortification at 240 png/100 g of flour. This
fortification will increase plasma folates, will lower
folate deficiency anemia, will lower homocysteine lev-
els and will probably prevent substantial numbers of
deaths from heart attacks and strokes with little risk,
if any. It is wrong to delay fortification for any reason.
No placebo controlled field trial would be ethical for
women of reproductive age.

CONCLUSION

There is proof that folic acid fortification will prevent
a large proportion of spina bifida and anencephaly, and
folate deficiency anemia. There is also strong evidence
indicating that folic acid fortification may prevent car-
diovascular disease including strokes. There is less, but
interesting evidence that folic acid may also prevent
colon cancer. The UK Committee of the Medical As-
pects of Food and Nutrition Policy (COMA) reviewed
the evidence and recommended that flour in the UK be
required to be fortified at 240 wg of folic acid/100 g of
flour (2.4 parts/1,000,000). Fortification of wheat flour
with 240 pg of folic acid/100 g of flour (2.4 ppm) should
be implemented as quickly as possible in the UK and
across Europe and the rest of the world to prevent birth
defects and folate deficiency anemia. Such actions are
also likely to have at least an order of magnitude larger
protective effect against cardiovascular disease.



The opportunity to implement a sustainable, inex-
pensive, passive population intervention to prevent
major human diseases comes rarely. Folic acid fortifi-
cation of centrally processed grains is one of those rare
opportunities. Governments that have not moved to
assure that centrally processed grains are almost all
fortified with sufficient folic acid are acting irresponsi-
bly. They are committing public health malpractice.

LITERATURE CITED

Agamanolis DP, Chester EM, Victor M, Kark JA, Hines JD, Harris
JW. 1976. Neuropathology of experimental vitamin B12 deficiency
in monkeys. Neurology 26:905-914.

Ames BN. 2001. DNA damage from micronutrient deficiencies is
likely to be a major cause of cancer. Mutat Res 475:7-20.

Berry RJ, Li Z, Erickson JD, Moore CA, Wang H, Mulinare J, Zhao P,
Wong L-YC, Gindler J, Hong S-X, Correa A. 1999. Prevention of
neural-tube defects with folic acid in China. China-US collabora-
tive project for neural tube defect prevention. N Engl J Med 341:
1485-1490.

Bostom AG, Rosenberg IH, Silbershatz H, Jacques PF, Selhum J,
D’Agostino RB, Wilson PW, Wolf PA. 1999. Nonfasting plasma total
homocysteine levels and stroke incidence in elderly persons: the
Framingham study. Ann Intern Med 131:355-355.

Bostom AG, Selhub J, Jacques PF, Rosenberg IH. 2001. Power short-
age: clinical trial testing the “homocysteine hypothesis” against a
background of folic acid-fortified cereal grain flour. Ann Intern Med
135(2):133-137.

Botto LD, Moore CA, Khoury MJ, Erickson JD. 1999. Neural-tube
defects. N Engl J Med 341:1509-1519.

Boushey CdJ, Beresford SA, Omenn GS, Motulsky AG. 1995. A quan-
titative assessment of plasma homocysteine as a risk factor for
vascular disease. Probable benefits of increasing folic acid intakes.
JAMA 274:1049-1057.

Centers for Disease Control and Prevention. 1992. Recommendations
for the use of folic acid to reduce the number of cases of spina bifida
and other neural tube defects. MMWR Morb Mortal Wkly Rep
41:1-17.

Centers for Disease Control and Prevention. 2000. Folate status in
women of childbearing age—United States, 1999. MMWR Morb
Mortal Wkly Rep 49:962-965.

Clarke R, Armitage J. 2000. Vitamin supplements and cardiovascular
risk: review of the randomized trials of homocysteine-lowering vi-
tamin supplements. Semin Thromb Hemost 26:341-348.

Committee on Medical Aspects of Food and Nutrition Policy. 2000.
Folic acid and the prevention of disease. Report of the Committee on
Medical Aspects of Food and Nutrition Policy Reports on Health
and Social Subjects. 50. London: The Stationery Office. p. 1-101.

Czeizel AE, Dudas I. 1992. Prevention of the first occurrence of neu-
ral-tube defects by periconceptional vitamin supplementation.
N Engl J Med 327:1832-1835.

Daly LE, Kirke PH, Molloy A, Weir DG, Scott JM. 1995. Folate levels
and neural tube defects. Implications for prevention. JAMA 274:
1698-1702.

deBree A, Vershuren WMM, Blom HdJ, Kromhout D. 2001. Association
between B vitamin intake and plasma homocysteine concentration
in the general Dutch population aged 20—65 y. Am J Clin Nutr
73:1027-1033.

Dickinson CdJ. 1995. Does folic acid harm people with vitamin B12
deficiency? QJM 88:357-364.

Fenech M. 2001. The role of folic acid and vitamin B12 in genomic
stability of human cells. Mutat Res 475:57-67.

Food and Drug Administration. 1996. Food standards: amendment of
standards of identity for enriched grain products to require addition
of folic acid. Fed Regist 61:8781-8807.

Food and Nutrition Board IoM. 1998. Dietary reference intakes for
thiamin, riboflavin, niacin, folate, vitamin B12, pantothenic acid,
biotin, and choline: a report of the Standing Committee on the
Scientific Evaluation of Dietary Reference Intakes and its Panel on

INERTIA 53

Folate, Other B Vitamins and Choline and Subcommittee on Upper
Reference Levels for Nutrients. Washington DC: National Academy
Press.

Freire WB, Hertrampf E, Cortes F. 2000. Effect of folic acid fortifica-
tion in Chile: preliminary results. Eur J Pediatr Surg 10:42—-43.
Giovannucci E, Stampfer MdJ, Colditz GA, Hunter DJ, Fuchs C, Ros-
ner, BA, Speizer FE, Willett WC. 1998. Multivitamin use, folate and
colon cancer in women in the Nurses’ Health Study. Ann Intern

Med 129:517-524.

Graham IM, Daly, LE, Refsum HM, Robinson K, Brattstrom LE,
Ueland PM, Palma-Reis RJ, Boers GHdJ, Sheahan RG, Israelsson B,
Ulterwaal CS, Meleady R, McMaster D, Verhoef P, Witterman J,
Rubba P, Bellet H, Wautrecht JC, de Valk Hw, Luis ACS, Parrot-
Roulaud FM, Tan KS, Higgins I, Garcon D, Medrano MJ, Candito
M, Evans AE, Andria G. 1997. Plasma homocysteine as a risk factor
for vascular disease. The European Concerted Action Project.
JAMA 277:1775-1781.

Hill BA. 1965. The environment and disease: association of causation?
Proc R Soc Med 58:295-300.

Honein MA, Paulozzi LJ, Mathews TdJ, Erickson JD, Wong LY. 2001.
Impact of folic acid fortification of the US food supply on the occur-
rence of neural tube defects. JAMA 285:2981-2986.

Indian Council of Medical Research Collaborating Centres and Cen-
tral Technical Coordinating Unit I, New Delhi. 2000. Multicentric
study of efficacy of periconceptional folic acid containing vitamin
supplementation in prevention of open neural tube defects from
India. Indian J Med Res 112:206—-211.

Jacques P, Bostom AG, Wilson PWF, Rich S, Rosenberg I, Selhub J.
2001. Determinants of plasma total homocysteine concentration in
the Framingham Offspring cohort. Am J Clin Nutr 73:613-621.

Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. 1999.
The effect of folic acid fortification on plasma folate and total ho-
mocysteine concentrations. N Engl J Med 340:1449-1454.

Laurence KM, James N, Miller MH, Tennant GB, Campbell H. 1981.
Double-blind randomized controlled trial of folate treatment before
conception to prevent recurrence of neural tube defects. Br Med J
282:1509-1511.

Lawrence JM, Petitti DB, Watkins M, Umekubo MA. 1999. Trends in
serum folate after food fortification. Lancet 354:915-916.

Lewis CA, Pancharuniti N, Sauberlich HE. 1992. Plasma folate ade-
quacy as determined by homocysteine level. Ann NY Acad Sci
669:360-362.

Lindenbaum J, Healton EB, Savage DG, Brust JCM, Garrett TJ,
Podell ER, Marcell PD, Stabler SP, Allen RH. 1988. Neuropsychi-
atric disorders caused by cobalamin deficiency in the absence of
anemia or macrocytosis. N Engl J Med 318:1720-1728.

Mark SD, Wang W, Fraumeni JF, Li JY, Tayler PR, Wang GQ, Guo W,
Dawsey SM, Bing L, Blot WJ. 1996. Lowered risks of hypertension
and cerebrovascular disease after vitamin/mineral supplementa-
tion: the Linxian Nutrition Intervention Trial. Am J Epidemiol
143:658-664.

Martin JA, Smith BL, Mathews TJ, Ventura MA. 1999. Births and
deaths: preliminary data for 1998. Natl Vital Stat Rep 47:1-45.
MRC Vitamin Study Research Group. 1991. Prevention of neural tube
defects: results of the Medical Research Council Vitamin Study.

MRC Vitamin Study Research Group. Lancet 338:131-137.

Quiniivan EP, McPartlin J, McNulty H, Ward M, Strain JJ, Weir DG,
Scott JM. 2002. Importance of both folic acid and vitamin B12 in
reduction of risk of vascular disease. Lancet 359:227—-228.

Raats M, Thorpe L, Hurren C, Elliott K. 1998. Changing preconcep-
tions: the HEA Folic Acid Campaign, 1995-1998. London: Health
Education Authority 2.

Riddell LJ, Chisholm A, Williams S, Mann JI. 2000. Dietary strate-
gies for lowering homocysteine concentrations. Am J Clin Nutr
71:1448-1454.

Rodrigues LC, Smith PG. 1999. Use of the case-control approach in
vaccine evaluation: efficacy and adverse effects. Epidemiol Rev 21:
56-72.

Rydlewicz A, Simpson J, Taylor R, Bond C, Golden M. 2002. The effect
of folic acid supplementation on plasma homocysteine in an elderly
population. QJM 95:27-35.



54 OAKLEY

Schnyder G, Roffi M, Pin R, Flammer Y, Lange H, Eberli FR, Meier B,
Turi ZG, Hess OM. 2001. Decreased rate of coronary restenosis
after lowering of plasma homocysteine levels. N Engl J Med 345:
1593-1600.

Selhub J, Jacques PF, Rosenberg IH, Rogers G, Bowman BA, Gunter
EW, Wright JD, Johnson CL. 1999. Serum total homocysteine con-
centrations in the third National Health and Nutrition Examina-
tion Survey (1991-1994): population reference ranges and contri-
bution of vitamin status to high serum concentrations. Ann Int Med
131:331-339.

Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg ITH. 1993.
Vitamin status and intake as primary determinants of homo-
cystinemia in an elderly population. JAMA 270:2693—2698.

Smithells RW, Nevin NC, Seller MJ, Sheppard S, Harris R, Read AP,
Fielding DW, Walker S, Schorah CJ, Wild J. 1983. Further experi-

ence of vitamin supplementation for prevention of neural tube
defect recurrences. Lancet 1:1027-1031.

Tice JA, Ross E, Coxson PG, Rosenberg I, Weinstein MC, Hunink MG,
Goldman PA, Williams L, Goldman L. 2001. Cost-effectiveness of
vitamin therapy to lower plasma homocysteine levels for the pre-
vention of coronary heart disease: effect of grain fortification and
beyond. JAMA 286:936-943.

Vilter CF, Vilter RW, Spies TD. 1947. The treatment of pernicious and
related anemias with synthetic folic acid: observations on mainte-
nance of normal hematologic status and on occurrence of combined
system disease at the end of one year. J Lab Clin Med 32:262-273.

Wald NJ, Law MR, Morris JK, Wald DS. 2001. Quantifying the effect
of the folic acid. Lancet 358:2069-2073.

Wharton B, Booth I. 2001. Fortification of flour with folic acid. A
controlled field trial is needed. BMJ 323:1198-1199.



