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Abstract

Randomized controlled trials have proven that periconceptional folic acid intake reduces the risk of neural tube defects (NTDs). This
lead to different public health policies: fortification of foods in many countries and supplementation in some others. We concentrate here
on pro’s and con’s of fortification policies. Meanwhile, new beneficial but also potential adverse effects are being hypothesized. Highest
level evidence is available for the protective effect of folic acid on NTDs. Lower level evidence suggests other protective effects, but also
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ome potential adverse effects, such as masking Vitamin B-12 deficiency, increasing twinning rates and an ‘acceleration phen
re-existing malignant neoplasms. While observational studies show lower cancer rates associated with increased folate intake
eports and animal experiments suggest opposite effects. Thus, public health policy makers are facing the question of balancin
nd potential adverse effects repeatedly. We propose that the scientific debate no longer focuses on NTDs alone, but that a co
valuation be undertaken by a public health authority with experience in complex meta-analyses and technology assessment.
2005 Elsevier Inc. All rights reserved.
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. Introduction

More than 10 years ago, it became clear that folic acid
ubstantially decreased the risk of neural tube defects (NTDs)
1,2]. Public health authorities in many countries have taken

∗ Corresponding author. Tel.: +31 20 4440051; fax: +31 20 4444181.
E-mail address:mc.cornel@vumc.nl (M.C. Cornel).

steps to improve the periconceptional intake of folic aci
women planning pregnancy or women at risk of getting p
nant[3–7]. Soon after the publication of the MRC trial, t
US government decided to move forward to fortification
staple foods. Canada, Mexico, Chile, Hungary and se
developing countries followed and are now fortifying s
ple foods or have decided to do so in the near future[6,7].
In the early 1990s, a protective effect of folic acid aga
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cardiovascular diseases later in life was suspected already
[8]. A protection against a birth defect that occurs in some
1 in 1000 births was thus expected to be of greater signifi-
cance, not only for women of childbearing age to prevent birth
defects, but both for men and women later in life for a poten-
tial protective effect against cardiovascular disease. Since the
start of fortification, research moved on and several studies
found protective effects for many other congenital anomalies
[9] as well as other diseases[10–13]. Few of these were stud-
ied in randomised controlled trials, and most evidence stems
from observational studies.

Public health policies developed in two ways: some Amer-
ican and developing countries choose to fortify staple foods
[6,7], while most western European countries so far have
decided not to do so, Hungary and Ireland being the only
exceptions. In many of the Western European countries, for-
tification is nevertheless allowed, and some specific products
are available, fortified breakfast cereals being an example of
such a specific product that is available in many European
countries.

Seven European countries had official health education
initiatives to promote the use of folic acid supplements.
Despite the measures taken to date, the majority of women in
all countries surveyed are not taking folic acid supplements
periconceptionally. This is reflected in the lack of a clear
decline in the prevalence of NTDs across Europe[5].
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affect up to 10–15% of the population over 60 years of age
[17]. Because of this, the amount of fortification chosen
was estimated to be 140�g per 100 g flour (US), provid-
ing on average 100�g additional folic acid/day. In this way,
only a very small proportion of the population will receive
>1 mg/day. The upper limit of 1 mg was chosen by the Insti-
tute of Medicine as unlikely to produce masking. Some
argue that intakes below 1 mg/day may also cause masking.
Because of the potential of masking the diagnosis of Vitamin
B-12 deficiency, several European countries decided not to
adopt mandatory food fortification. This delay in folic acid
fortification in some European countries was characterised
by an American author as “public health malpractice”[6].
Vitamin B-12 deficiency has not become more severe in the
USA after more than 1 billion person–years of exposure to
multivitamins [6]. Furthermore, should Vitamin B-12 defi-
ciency be a frequently occurring problem, then this could be
easily corrected by increasing its intake, either by simultane-
ous fortification or as medication in patients with pernicious
anaemia.

2.2. Spontaneous abortion

Published reports on the relation between folic acid sup-
plementation during pregnancy and risk for miscarriage have
been inconsistent. Several studies have reported that folic acid
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The effectiveness of folic acid fortification in improvi
olic acid status has already been shown with a dram
ncrease in blood measurements of folate and a signifi
eduction (approx. 15–50%) in the prevalence of NTD
he United States, Canada and Western Australia[14–16].
mproving folate status in the general population may
ide other health benefits in addition to the NTD rates. M
pidemiological studies attempt to elucidate the long-
ffects of folic acid fortification on anaemia, cardiovasc
isease, hypertension, other congenital defects such as
nomalies and clefts, neuropsychiatric disorders and ca

7,10–13]. Despite the observed beneficial effects of f
cid fortification on folate status and prevalence of N

here continues to be some concern about folic acid fort
ion. While new potential beneficial effects are being stud
lso potential dangers are mentioned. One of the reaso

he inertia on folic acid fortification is the fear for adve
ffects. We will now briefly discuss suspected adverse ef

n historical order.

. Concerns regarding adverse effects

.1. Masking Vitamin B-12 deficiency

Although folate is safe and almost free of toxicity, ther
oncern that folic acid (the synthetic form) may mask sy
oms of Vitamin B-12 deficiency, primarily in the elde
opulation, and may lead to progression of neurolog
ymptoms. Vitamin B-12 deficiency has been estimate
t

eficiency and defects in folic acid metabolism are assoc
ith an increased risk for pregnancy loss[18]. By contrast
nalyses of data of the two randomized trials[1,2] found first
f all a 16% increase (significant) in miscarriages am
omen in the Hungarian trial who consumed a multivita
ith 800�g folic acid compared with women with only tra
lements and furthermore a 15% non-significant incr
mong women in the MRC trial who received 4000�g folic
cid [19]. The hypothesis these authors mentioned was

olic acid may influence the viability of fetuses with malf
ations. A large population-based cohort study with 23
irths and 2155 miscarriages of first pregnancies in C

ound no evidence that daily intake of folic acid influen
heir risk for miscarriages[20]. Neither did a case–contr
tudy on the relation between plasma folate levels an
isk of spontaneous abortion. In this study, low plasma fo
evels were related to a higher risk of miscarriages[21].

.3. Multiple births

Five studies have suggested the possibility of an incr
n the occurrence of multiple births[22–26]. In the random
zed controlled trial (RCT) of Czeizel[22] as well as in th
etrospective study of Werler[23], the increased prevalen
f multiple births among folic acid users was not signific
oreover, these studies did not differentiate among typ

itamin supplements. In the RCT, a multivitamin prepara
ith 800�g folic acid was used. Two studies with Swed
ata described the increased occurrence of dizygotic

24,25]. A total of 6953 Swedish women reported the
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of folic acid in early pregnancy among 576,873 women who
gave birth during this period. Maternal age, parity, smok-
ing, previous spontaneous abortions and involuntary child-
lessness appeared to act as confounders. After exclusion of
women who reported involuntary childlessness and women
who used ovarian stimulation, and adjusting for year of birth,
maternal age, parity and smoking, the odds ratio for dizy-
gotic twinning was 1.71 (95% CI 1.21–2.42). As only a very
small proportion of women used folic acid, this group might
differ in other respects, and further study is needed here.
Another recent study in Hungary showed an adjusted OR
of 1.80 (95% CI 1.14–2.85)[26]. If the occurrence of mul-
tiple births were caused by folic acid, the effect might be
expected to be greater with increasing folic acid dose. This
was, however, not observed[27]. In a large population-based
prospective cohort study among young women in China with
242,015 births and 1496 multiple births, no increase of mul-
tiple births (nor of dizygotic twins) was found in women who
had taken folic acid supplements compared with those who
did not. This study was performed among young women and
only 400�g folic acid pills were consumed[28]. Although
the available evidence is not conclusive, the large study from
China which includes many young mothers and where the
use of ovarian stimulation is not common, did not show an
increased risk of twinning after periconceptional folic acid
use.
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possible that in addition to folate deficiency, a high folate sta-
tus can have detrimental effects on DNA and cancer risk[29].
Whether or not folic acid promotes the progression of cancer,
long-term follow-up studies are warranted to determine the
effect of folic acid on the incidence of cancer and on DNA
methylation and other epigenetic regulatory machinery espe-
cially in countries that have adopted mandatory generalized
folic acid fortification. In this regard, a recent Canadian study
showing that folic acid fortification was associated with a sig-
nificant reduction in the incidence of neuroblastoma among
children aged <18 year is an important piece of information in
this discussion[32] and in line with previous epidemiological
studies which showed a protective effect of perinatal folic acid
use against the incidence of brain tumors in offspring[29].

3. Comments

Whether or not to fortify foods with folic acid is a decision
that is often discussed in the context of neural tube occurrence
only or mainly. From a scientific point of view, this may be
wise, since the evidence for the protecting effect of folates on
NTD birth prevalence is the best type of evidence possible.
However, from a public health point of view, one needs to bear
in mind that the impact of a higher folic acid intake might
affect the frequency of many other disorders as well. Apart
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.4. Cancers

Although folate appears to be preventive in the deve
ent of new cancers in persons without pre-existing
alignant lesions or neoplastic foci, there are also sig

hat folate may enhance the development and progre
f already existing, undiagnosed premalignant and m
ant lesions[29,30]. An ‘acceleration phenomenon’ in pr
xisting malignant neoplasms was reported decades

n children with acute leukaemia, who received a su
hysiological dose of folic acid[30]. Antifolate treatmen
methotrexate) was less effective in children with acute l
hoblastic leukaemia who received more physiological d
f folic acid [30]. Finally experiments in mice suggest t

olate may as well protect against cancer or have an opp
ffect, however, there is a paucity of high-quality data[30].

In patients with already existing, undiagnosed prem
ant and malignant lesions, low folate status is expe

o disrupt DNA synthesis and replication, via reduction
urine and thymidine synthesis, and to inhibit tumor gro

29]. This has indeed been the basis of the use of folate a
nists in cancer treatments. Moreover, folate is involve
NA methylation, an epigenetic phenomenon that is

o regulate gene expression, maintenance of DNA inte
nd stability, chromosomal modifications and the deve
ent of mutations. Carcinogenesis is associated with g
ypomethylation, but hypermethylation of specific ge
.g. tumor suppressor genes, may also be involved i
tiology of cancer[31]. According to Kim, it is, therefore
rom protective effects, adverse effects need to be taken
ccount.

Policy making in public health often implies balancing
ro’s and con’s[7]. As an example of the pro’s in several org
ystems, Oakley estimated that globally, 500,000 childre
orn each year with spina bifida and anencephaly, two o
ost common and severe birth defects[6]. “Increased con

umption of supplemental, synthetic folic acid by fortificat
f staple foods will prevent approximately 375,000 of th
irth defects each year. In the USA, this lead to a fee
f urgency, as after the advent of the polio vaccine, bec

in little time’ the implementation of fortification program
ill ‘do so much”’. Further preventive effects on the m

ality from stroke and heart attacks, and the disappeari
olate deficiency anaemia added to the feeling that a ‘mira
ad happened. As a result of fortification, in the USA, s
00 annual cases of spina bifida and anencephaly and
2,000 annual heart attack deaths and 5000 stroke d
ad been prevented, according to Oakley[6]. The dosag
f folic acid in the USA was rather low, and fortification
ome countries, especially in some of the participants i
an American Health Organization, was chosen to be hi
otentially leading to even more prevention.

Also some of the potential adverse effects have been
ussed in a context of several disease outcomes. Wrig
l. [30] calculated that for one NTD case prevented, m
lderly people with undiagnosed pernicious anaemia w
e exposed to >1 mg/day folic acid. They also discuss
ncertainties of a decreasing incidence of cancer as com

o a negative impact on pre-existing malignant neoplas
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Pro’s related to NTD’s need to be balanced against all other
potential risks and benefits. The strategy chosen to implement
fortification could vary: one of the alternatives is to fortify
with folic acid and Vitamin B-12, thus tackling the problem
of Vitamin B-12 deficiency simultaneously[30]. Some argue
that “we consider it essential that the mechanisms by which
folate modulates malignant neoplasm’s be elucidated, and
fully understood, before a mandatory mass ‘whole popula-
tion’ folic acid fortification policy is enacted”[30]. However,
half of London would have suffered from cholera for decades
if the observation that water supplied by one company caused
much more cholera than did water from another company
had not lead to public health action, long before the vibrio
cholera had been recognized. In this case, no balancing of
pro’s and con’s for public health was involved, but also many
drugs are being used long before their working mechanism
is fully understood. For drugs, the likelihood of curing one
disease usually needs to be balanced against the risk of (know
or unknown) side effects. When admitting fortified products
on the market, the advantages for some need to be balanced
against the potential disadvantages for others. This needs to
be made more explicit in political and societal debate.

From a normative point of view, it is obvious that public
health authorities should do good and follow the beneficence
principle, but the difficulty for policy makers is that they
have to balance the certainty of benefits to an as yet unknown
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(either protective or adverse) where evidence is lacking, stud-
ies need to be performed to get the answers as soon as possi-
ble, for instance the proportion of the elderly that need addi-
tional Vitamin B-12, the strategy to identify and treat defi-
ciencies at an early stage, the balance between the number of
cases of cancer avoided and the impact on pre-existing malig-
nant lesions. Registrations and monitoring systems may help
to study the frequencies of birth defects, twinning, cancer and
cardiovascular disease and thus to evaluate the impact of pre-
ventive interventions. A public health authority that has expe-
rience in public health decision making based on scientific
evidence, including meta-analysis and technology assess-
ment, should undertake such a comprehensive evaluation.
Reticence to fortify should be replaced by a pro-active attitude
to collect the evidence needed for adequate policy making,
so that both the health of future generations can be promoted
and fears for adverse effects can be addressed adequately.
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