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About EFSA

The European Food Safety Authority (EFSA) was established and funded by the European
Community as an independent agency in 2002 following a series of food crises that caused
the European public to voice concerns about food safety and the ability of regulatory
authorities to fully protect consumers.

In close collaboration with national authorities and in open consultation with its
stakeholders, EFSA provides objective scientific advice on all matters with a direct or
indirect impact on food and feed safety, including animal health and welfare and plant
protection. EFSA is also consulted on nutrition in relation to Community legislation.

EFSA’s work falls into two areas: risk assessment and risk communication. In particular,
EFSA's risk assessments provide risk managers (EU institutions with political accountability,
i.e. the European Commission, European Parliament and Council) with a sound scientific
basis for defining policy-driven legislative or regulatory measures required to ensure a
high level of consumer protection with regard to food and feed safety.

EFSA communicates to the public in an open and transparent way on all matters within
its remit.

Collection and analysis of scientific data, identification of emerging risks and scientific
support to the Commission, particularly in case of a food crisis, are also part of EFSA’s
mandate, as laid down in the founding Regulation (EC) No 178/2002 of 28 January 2002.

European Food Safety Authority

Largo N. Palli 5/A Tel: +39 0521 036 111

43121 Parma Fax: +39 0521 036 110
ITALY www.efsa.europa.eu
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Introduction

I INTRODUCTION

In 2008, the European Food Safety Authority (EFSA) established an EFSA Scientific
Cooperation Working Group (ESCO WG) on the “Analysis of risks and benefits of
fortification of food with folic acid”, with the aim of sharing experiences and concerns
regarding folic acid food fortification amongst Member States.

The ESCO WG on folic acid was asked to consider the following issues as part of their terms
of reference:

> To review current practice in Member States regarding the level of voluntary
fortification of foods and categories of foods to which the addition of folic acid is
allowed.

» To consider new evidence regarding the risk of high intakes of folic acid and the need
for a review of current guidance on safe upper levels of folic acid for all population
groups.

EFSA and the Swedish National Food Administration organised a scientific meeting on
“Folic Acid: An Update on Scientific Developments”, in Uppsala, Sweden, on 21-22 January
2009. The aim of the meeting was to consider the evidence regarding folic acid and risk of
cancer.

Over 60 scientific experts from the European Union (EU), Switzerland, the United States
and Canada attended the meeting to assess the latest scientific evidence on the possible
relationship between dietary intakes (including fortified foods and food supplements) of
folate and folic acid, and cancer risks, including cancer of the colon, breast and prostate.

All the available scientific evidence concerning folate metabolism, animal and mechanistic
studies, and human studies was reviewed and discussed. In group discussions, experts
considered whether it was possible: to identify an association of folic acid intake with risk
of cancer; the population groups concerned; dose-response relationships; the different
dietary sources of folic acid; and whether the available data were sufficient to allow a
quantitative risk assessment. Areas for further scientific research were also identified.

Since the completion of this report, further papers on folic acid and cancer risk have been
published. Only papers and presentations presented at the meeting are considered in this
report.
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I BACKGROUND SESSIONS

Folate is a generic term for a naturally occurring family of B-group vitamins comprising an
aromatic pteridine ring linked to p-aminobenzoic acid and one or more glutamate
residues. It is found naturally in a variety of foods including green leafy vegetables, fruit,
liver, and yeast. Folic acid is a synthetic form of folate which is widely used in supplements
and for food fortification. Folic acid is more stable in foods and is better absorbed than
natural folates.

Dietary folates are converted in the intestinal mucosa to 5-methyl tetrahydrofolic acid
(5- MTHF) which is the form of folate present in the systemic circulation. Folic acid has to
be reduced and methylated in the gut mucosa before it can be converted to 5-MTHF, the
form found in the circulation. The capacity of the body to convert folic acid to 5-MTHF is
limited and unmetabolised folic acid has been detected in the systemic circulation
following folic acid supplementation (from both supplements and fortified foods) at oral
doses above 260 pg (Kelly et al., 1997).

2.1 Benefits and potential risks

Randomised controlled trials have conclusively demonstrated that folic acid
supplementation can prevent up to two-thirds of neural tube defects (NTDs) (MRC Vitamin
Study Research Group, 1991). It mightalso reduce therisk of other congenital malformations
such as orofacial clefts. The effectiveness of mandatory folic acid fortification programmes
in the USA and Canada have resulted in significant declines in the occurrence of NTD
affected pregnancies (Williams et al., 2005; De Wals et al., 2007). The percent declines
range from 28% to 46% in the USA and Canada, respectively.

Findings from observational studies had also suggested that high intakes of folate (or
high blood levels of folate) were associated with a lower risk of cardiovascular disease
(CVD) and cancer, and less-age related cognitive decline. Randomised trials had not
confirmed any such associations with CVD and cancer. Although limited data from
randomised trials have generally not demonstrated any significant beneficial or adverse
effects of folic acid on cognitive function, one randomised controlled trial (Durga et al.,
2007) reported that folic acid supplementation had a beneficial effect on improving
cognitive function in older adults with low folate status and without vitamin B,
deficiency.
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Introduction

High intakes of folic acid have also been associated with theoretical risks of adverse effects.
Since high dosages of folic acid can correct the anaemia associated with vitamin B,
deficiency, there are concerns that high intakes of folic acid could delay the diagnosis of
vitamin B,, deficiency by treating (“masking”) the anaemia of vitamin B, , deficiency which
could lead to irreversible neurological damage if treatment with vitamin B,, is not
provided. However, current medical practice does not rely on the presence of anaemia for
the detection of vitamin B,, deficiency, which frequently presents without anaemia.

While generally, observational studies have suggested that folic acid supplementation
slows down the rate of cognitive decline with age, some have suggested that it may
accelerate it.

Other postulated adverse effects of folic acid supplementation include reducing the
efficacy of antifolate drugs such as methotrexate used in chemotherapy for cancer
treatment and drugs used to treat epilepsy but this research question has been
insufficiently studied. Concerns have also been raised about the presence of unmetabo-
lised folic acid in the blood following folic acid at oral doses of 260 ug or greater (see
page 10, Background sessions). However, the current available data are insufficient to
adequately assess the long-term effects of exposure to unmetabolised folic acid.

There are also data suggesting the possibility that high folic acid intakes may be associated
with increased risks of cancer; the evidence suggesting a potential link relates specifically
to folic acid. There is no evidence to suggest that high intakes of natural folates found in
foods are associated with increased cancer risk.

A possible role of folic acid in cancer development is supported by biologically plausible
mechanisms. Folate is essential in biological methylation reactions and nucleotide synthesis
and impairment of these processes are thought to be involved in cancer development. The
evidence regarding folic acid and cancer risk is considered in section 2.5.
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2.2 Current recommendations

Many countries in the EU recommend that women who might become pregnant should
take folic acid supplements to reduce the risk of NTD occurrence, but public health
campaigns promoting this advice have been unsuccessful in most Member States.
Directive 2002/46/EC on the approximation of the laws of Member States relating to food
supplements establishes harmonised rules for the labelling of food supplements and
introduces specific rules on vitamins and minerals in food supplements in the EU.

Some countries in the EU have considered mandatory fortification of wheat flour or bread
as a strategy to reduce the prevalence of NTDs. Mandatory wheat flour fortification is
currently under review in the United Kingdom but has not been endorsed in Sweden or
Italy. It has been recommended in Ireland but implementation has been deferred.

Voluntary fortification is permitted in most European countries. There is considerable
variation across the EU in the levels of folic acid that have been added to foods on a
voluntary basis, and variation in the categories of foods that are fortified. Recently the EU
introduced new rules to regulate voluntary food fortification. These are set out in
Regulation (EC) No 1925/2006 on the addition of vitamins and minerals and of certain
other substances to foods. As part of the implementation of this regulation, work is
currently ongoing on the setting of maximum amounts for the addition of vitamins and
minerals. Maximum amounts will be set concurrently for vitamins and minerals in fortified
foods and in food supplements (European Commission, 2006).

2.3 Recommended upper intake levels for folic acid in Europe

In 2000, the Scientific Committee on Food (SCF) set a tolerable upper intake level (UL) for
folicacid of 1 mg/day for adults (SCF, 2000). ULs for adolescents and children were adjusted
downwards on the basis of body weight. The UL is an estimate of the highest level of usual
intake of a nutrient which carries no appreciable risk of adverse health effects. The UL was
based on the risk of progression of neurological symptoms caused by the “masking” of
the haematological symptoms of vitamin B,, deficiency.
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2.4 Relation of dietary sources of folic acid
to blood folate concentrations

There are two sources of folic acid: foods fortified with folic acid and supplements
containing folic acid. Data from the National Health and Nutrition Examination Survey
(NHANES) 2001-2004 of adults in the USA showed that higher intakes of folic acid and
higher blood folate concentrations were primarily associated with use of supplements
containing folic acid and were moderately associated with intake of voluntarily fortified
foods containing folic acid; lower folic acid intake from mandatory fortification was not
associated with these higher values (Yeung et al., 2008).

2.5 Folic acid and cancer risk

ANIMAL STUDIES

Animal models have suggested the possibility of a dual role of folic acid in cancer
development, depending on the timing and dose of the intervention: high intakes may
suppress development of early lesions in normal tissue but increase the progression of
established neoplasms.

Data from animal studies suggest that animals maintained on folate deficient diets are at
increased risk of colorectal cancer and that modest folic acid supplementation reduces
this risk (Kim, 2004). However, in folate replete animals, and animals with established
lesions, high doses of folic acid increase the risk of colorectal cancer (Kim, 2003).

HUMAN STUDIES
Ecological studies

In the USA, voluntary fortification of enriched grain products with folic acid was first
authorised in March 1996 and compliance became mandatory from January 1998. In
Canada, fortification of foods with folic acid was permitted in December 1996 and
cereal grains, especially white flour, were mandated to be fortified with folic acid since
November 1998.
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Time trends in colorectal cancer incidence in the USA and Canada between 1986 and 2002
indicated an abrupt reversal in the downward trend in colorectal cancer incidence
between 1996 and 1998 at around the time of the introduction of folic acid fortification.
The downward trend later resumed with the incidence curve shifted upwards because of
the temporary increase. Mason et al. (2007) hypothesised that folic acid fortification may
have been responsible for the significant deviation from the pre 1996 trend resulting in an
excess of about 4-6 additional cases of colorectal cancer cases per 100,000 individuals.

This type of ecological evidence cannot exclude the possibility that the observed
fluctuations in colorectal cancer were due to improved screening programmes for
colorectal cancer. While there was an increase in colorectal cancer incidence at around
the time of the introduction of folic acid fortification, there was no corresponding increase
in colorectal cancer mortality, which is consistent with the fluctuations being due to
improved screening rather than increased incidence of cancer. However, cancer mortality
may not be a useful endpoint in this context as an ecologic study can not take account of
the effects on cancer mortality of new cancer treatments that became available in the
1990s.

Observational studies

Several epidemiological studies have explored associations of folate intake and blood
folate concentrations with cancer, and in particular with colorectal or breast cancer.

Although the results are inconsistent, most studies of folate intake and colorectal cancer
risk suggest a protective effect of high folate intakes on colorectal cancer risk. Studies of
serum folate and colorectal cancer risk are inconclusive. Several studies using folate
biomarkers are difficult to compare due to, for example, different analytical matrices
(serum, plasma, or blood).

The available epidemiological studies of folate and breast cancer risk have reported that
folate intake or folate status is unrelated with breast cancer risk, but some studies have
suggested an increased risk of breast cancer associated with low folate intake combined
with alcohol consumption. One observational study (Stolzenberg-Solomon et al., 2006)
reported that folic acid supplements of 400ug or more per day may be associated with an
increased risk of breast cancer in postmenopausal women (hazard ratio: 1.19; 95% Cl, 1.01-
1.41) compared with women consuming no folic acid supplements.
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Since there is potential for differential effects of natural dietary folates obtained from food
and folic acid from fortified foods and supplements it is important to clearly distinguish
between the two. However, many epidemiological studies did not distinguish between
intakes of natural folates from foods and folic acid from supplements and fortified foods.
Some studies addressed this issue indirectly by examining the use of supplements; other
studies considered intakes of natural food folates and total folate intake separately.

Findings from epidemiological studies come from observations that could be confounded
by other dietary and non-dietary factors associated with cancer risk.

MTHFR gene variants and cancer risk

Genetic variability of a number of enzymes that are involved in folate metabolism can modify
their activity and affect folate status. Several studies have investigated associations of
polymorphic genes involved in folate metabolism with colorectal and breast cancer risk.
Most studies have considered the MTHFR 677 C—T and 198 A&C polymorphisms, which
are associated with high homocysteine levels in the setting of low folate status. Most, but not
all studies, have reported reduced colorectal cancer risk associated with the MTHFR 677TT
variant. The MT—FR 1298 A&C polymorphism has been less extensively studied, and results
have been inconsistent (Sharp & Little, 2004; Hubner & Houlston, 2006; Huang et al., 2007).

Genetic variability in folate metabolism is still inadequately characterised and the ability
to jointly investigate multiple factors in a biological pathway is very limited.

Randomised controlled trials

Data from randomised controlled trials on the effects of folic acid intakes on breast, prostate
and other cancers are limited. One study (Charles et al, 2004), which followed up
approximately 3000 women that had participated in a folic acid supplementation trial
during pregnancy reported an increased risk of all cancer and a trend for an increased breast
cancer risk in women who had been supplemented with 5 g/d of folic acid. However this
study was not designed to test the hypothesis that folic acid supplementation has an effect
on cancer risk and the study design and statistical analysis may not have been appropriate.
A trial (Cole et al., 2007) that examined the efficacy of folic acid (1 mg/day) for prevention of
recurrent colorectal adenomas (n=1021) reported that folic acid supplementation was
associated with a significantly increased risk of prostate cancer. However, the authors noted
that this could be a spurious finding given the number of adverse events evaluated. This trial
is described in further detail on page 16, Colorectal adenoma prevention trials.
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Two categories of randomised controlled trials have provided evidence on effects of folic
acid on risk of cancer and in particular on colorectal cancer: (i) those which have
investigated the effects of folic acid supplementation for the prevention of new recurrent
colorectal adenomas in individuals with a previous history of colorectal adenomas and (ii)
those which have investigated the effect of B-vitamins (including folic acid) on CVD risk,
which also collected data on cancer outcomes.

Colorectal adenoma prevention trials

Four small randomised controlled trials (Paspatis and Karmanolis, 1994; Cole et al., 2007;
Jaszewski et al., 2008; Logan et al., 2008) and one unpublished US trial (E. Giovannucci
2009 personal communication) have assessed the effect of folic acid supplementation on
the risk of colorectal adenoma recurrence in individuals with a prior history of colorectal
adenomas. Only the trial by Cole et al. (2007) had duration of more than 3-4 years.

Paspatis and Karamanolis (1994) reported that folic acid supplementation (1 mg/day for
2 years; n=60) decreased colorectal adenoma risk compared with placebo, although the
differences were not statistically significant; Jaszewski et al. (2008) reported that folic acid
supplementation (5 mg/day for 3 years; n=93) significantly reduced adenoma recurrence
compared with the placebo group. The results from these two small trials suggested that
folic acid supplementation reduced the risk of colorectal adenoma. The results of these
small trials need to be treated with caution as they are likely to be statistically
underpowered.

Cole et al. (2007) investigated the effect of folic acid supplementation (1 mg/d; n=1021)
with or without aspirin for up to 8 years. This trial reported that folic acid supplementation
did not prevent the development of colorectal adenomas. There was no difference in the
incidence of at least 1 colorectal adenoma between the placebo group and the folic acid
groups after 3 years (RR, 1.04; Cl, 0.90-1.20; p=0.58) or after 6 years (RR, 1.13; Cl, 0.93-1.37;
p=0.23). However, during subsequent treatment/follow-up in a sub-group analysis of this
trial (n=607) there was a significantly greater incidence of advanced lesions in the folic
acid group compared to the placebo group (RR, 1.67; Cl, 1.00-2.80; p=0.05) and significantly
more people in the folic acid group with 3 or more adenomas (RR, 2.23; Cl, 1.23-4.35).
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Results of the trial by Cole et al. (2007) suggested that folic acid at doses in excess of 1 mg/
day may increase the risk of developing multiple/advanced adenomas after a few years’
delay and consequently increase the risk of colorectal cancer.

The trial by Logan et al. (2008) reported that folic acid supplementation (0.5 mg/day for 3
years; n=853) did not have a significant effect on adenoma recurrence (RR, 1.07; 95% Cl,
0.85-1.34). The unpublished US trial (E.Giovannucci, personal communication, 2009) also
found no effect of folic acid supplementation (Img/day for 3 years; n=692) on colorectal
adenoma recurrence.

Of the three larger trials (n=700 to 1000) participants received 0.5mg/day of folic acid in
one study (Logan et al., 2008) and 1 mg/day in the other two studies (Cole et al., 2007;
unpublished trial). Only the trial by Cole et al. (2007) followed participants for more than 3
years and increased risks were observed in the longer follow-up (6-8 years). The trial by
Logan et al. (2008) and the unpublished trial both had short follow-up periods (3-4 years);
risk ratios from these trials are consistent with those reported by Cole et al. (2007) during
their first follow-up (3-4 years). A meta-analysis (n=2652) of the results from these 3 trials
(Cole etal.,, 2007; Logan et al., 2008; unpublished trial) found no evidence of any significant
effects of folic acid supplementation on any cancer in this population (unpublished
results). This meta-analysis was limited to the shorter follow-up time frame of 3-4 years.

CVD prevention trials

A number of intervention trials have investigated B-vitamin supplementation (including
folic acid) for prevention of cardiovascular disease (CVD) in people with a prior history of
CVD or renal disease. These trials also examined effects of folic acid supplementation on
overall risk of cancer, cancer at specific sites, and mortality from cancer.

Few of the individual trials of B-vitamin supplements for prevention of vascular diseases
had adequate statistical power to assess the effects of B-vitamins on CVD or on cancer.
The B-Vitamin Treatment Trialists’ Collaboration (BVTT) was set up as a prospective meta-
analysis of results from all the B-vitamin trials in order to provide more reliable evidence
for the effects of B vitamins on vascular and non-vascular outcomes (unpublished
results).
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The preliminary results of the BVTT meta-analysis of 8 of the trials, involving 37,485
participants,foundnosignificantbeneficialoradverseeffectsof B-vitaminsupplementation
(folic acid dose of 0.8-40mg/day for a median duration of 5 years) on vascular events, all-
cause mortality, cancer, or cancer in any of the pre-specified sub-groups or at any specific
sites (including colorectal, lung, prostate or breast cancer (unpublished results). The
interpretation of these results is limited by the short duration of follow-up in comparison
to the longer periods of time over which cancers usually develop.

Results from a sub-group of two of the B-vitamin trials from Norway (NORVIT & WENBIT)
involving 6837 participants with an additional three years of follow-up after the end of the
intervention period were due to be presented in June 2009 at the International
Homocysteine Conference in Prague (http://www.homocysteine2009. org/).
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Reports from Discussion Groups

Il REPORTS FROM DISCUSSION GROUPS

3.1 Discussion Group 1:
Folic acid and colorectal cancer risk

The available evidence on the associations of folic acid with cancer was considered
hierarchically.

ANIMAL STUDIES

Although animal studies are useful for exploring potential mechanisms, caution should
be exercised in their interpretation and extrapolation to humans. For example, the doses
of folic acid used in animal studies are 4 to 10 times higher than the expected intakes from
folic acid food fortification.

HUMAN STUDIES
Ecological evidence

This type of evidence is useful for generating hypotheses but should be treated with
caution because of a number of inherent limitations.

A number of points were raised in relation to the study by Mason et al. (2007), including:

» Uncertainty regarding the precise timing of the increase in the population exposure to
folic acid in relation to the upturn in colorectal cancer incidence.

» The plausibility of an immediate cancer effect, although this finding is consistent with
a possible very late and immediate progression of established adenomas to colorectal
cancer.

» Improvements in screening for colorectal cancer in the USA occurred at around the
same time as the introduction of folic acid fortification and this could have accounted
for the increase in colorectal cancer incidence. Sudden increases in cancer incidence
can be caused by a change in screening practice or data collection (case ascertainment,
definition, or diagnostic practice). Although this is supported by the fact that there
was no subsequent increase in colorectal cancer mortality, the introduction of new
chemotherapeutic agents in this time period may have had positive effects on cancer
mortality rates.
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It was agreed that, as an ecological study, the paper by Mason et al. (2007) had a number
of limitations. However, the paper had raised issues about the safety of folic acid and had
also highlighted the importance of monitoring trends in colorectal incidence for countries
that decide to introduce mandatory fortification with folic acid in the future.

Observational studies

Although the results are inconsistent, most observational studies have shown a protective
effect of higher intakes of total folate on colorectal cancer risk compared to those with the
lowest folate intakes. Most studies investigated total dietary folate and did not distinguish
between natural folates and folic acid.

Epidemiological data on folate (natural folates and folic acid contained in supplements
and fortified foods) and cancer risk were reviewed by the World Cancer Research Fund
(WCRF/AICR, 2007). The WCRF concluded that there is limited evidence suggesting a
protective effect of folate against colorectal cancer (based on papers published before
2006). The report noted, however, uncertainty because of potential confounding and
effect modification (particularly with intake of dietary fibre). The WCRF report did not
distinguish between folic acid from supplements/fortified foods and natural folates.

It is not possible to reach conclusions about folate and potential colorectal cancer risk
from observational data because of problems with assessment of dietary folate intake,
potential confounding with otherfactors that may affect cancerriskand effect modification
by other factors that could interfere in 1-carbon metabolism (particularly B vitamins or
other methyl donors). Associations between folic acid and potential cancer risk in
epidemiological studies may also differ due to pre-existing supplement use or voluntary
fortification status in the studied populations.

20. EFSA meeting summary report: Folic acid: an update on scientific developments, 21-22 January 2009, Uppsala, Sweden




Reports from Discussion Groups

Randomised controlled trials

Of the five randomised controlled trials which assessed the effect of folic acid supplemen-
tation (0.5-1mg/day) on risk of recurrence of colorectal adenomas in people with a prior
history of colorectal adenoma (see pages 16-17, Colorectal adenoma prevention trials),
none reported adverse effects within 3 years of folic acid supplementation. Only one
randomised controlled trial (Cole et al., 2007) reported data on follow-up of more than
3 years; this trial reported that during the later treatment/follow-up, folic acid supplemen-
tation (Img/d) was associated with more multiple, advanced, and larger (unpublished
information) adenomas compared with the placebo group. It was agreed that results from
this study raise concerns about long-term exposure to folic acid.

The BVTT meta-analysis showed no evidence of any significant effect of folic acid
supplementation on overall risk of cancer (Unpublished). There were extensive discussions
on the power of this meta-analysis to detect an association between folic acid and cancer
risk. It was agreed that an adequately powered meta-analysis for site-specific cancers such
as colorectal cancer would not be possible because of the very large numbers of people
that would be required and it was therefore unlikely that this question could be resolved
in the near future. It was also agreed that the current data involved relatively short follow-
up time periods in comparison to the time usually required for the development of
cancers.

It was noted that cancer endpoints from 3 further B-vitamin trials would be included in
the meta-analysis in 2009 and 2011 and that 2 Norwegian studies (NORVIT and WENBIT)
were expected to report follow-up cancer outcomes in 2009. Since Norway does not allow
foods to be fortified with folic acid, background exposure to folic acid would have been
very low in these trials. Prolonged follow-up of participants in such trials after the cessation
of folic acid supplementation may provide useful information on possible long-term
effects of folic acid on cancer risk.

The general consensus was that the findings from the B-vitamin treatment trials did not
support or refute the suggestion that high folic acid intakes increase colorectal cancer.
The levels of folic acid intake associated with potential risk are considered in page 22,
Intake levels and cancer risk.
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Population groups and cancer risk

Population groups potentially at greater risk of developing colorectal cancer with folic
acid supplementation may include individuals with cancer, undetected cancer, or
premalignant colorectal adenomas. Older people, who are at increased risk of developing
colorectal adenomas may also be at increased risk.

The effects of folic acid on treatment efficacy of commonly used chemotherapeutic drugs
(such as methotrexate and 5-fluorouracil) have been insufficiently studied.

Intake levels and cancer risk

The difficulty of assessing a threshold for a possible carcinogenic effect of folic acid, based
on interpretation of the cancer studies in humans, was recognised.

The possibility of using the amount of folic acid that would cause the appearance of free
folic acid in the circulation as a threshold for intake was discussed. However, it was noted
that there was insufficient evidence to assess possible risks associated with unmetabolised
folic acid in the circulation. Since folate metabolism is under polygenetic control it would
be difficult to factor genetic considerations into any reconsideration of the UL.

It was agreed that people should not consume more than the current UL of 1 mg/day of
folic acid. Although the UL is based on limited supporting evidence, it could be used as a
general guidance value in order to prevent potential adverse effects of excess intakes of
folic acid. It was not possible to identify whether there was a dose response relationship
or a threshold for the effects of folic acid on potential colorectal cancer risk.

It is also important to distinguish between different sources of folate, i.e. natural food
folates and folic acid from fortified foods and from supplements. Data from the USA
(NHANES) have shown that the population group of = 60 years of age had the highest folic
acid intakes with the largest amounts deriving from supplements. In this population
group, which is at highest risk for colorectal cancer, lower dosage mandatory fortification
was not likely to have influenced serum folate levels.
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Reports from Discussion Groups

3.2 Discussion Group 2: Folic acid and other cancers
(breast, prostate, pancreatic, oesophageal)

CONSIDERATION OF THE EVIDENCE

Data from animal studies regarding the relationship between folic acid and breast cancer
are limited.

Time trend data from the USA do not show temporal changes in the incidence of breast
and prostate cancer following voluntary and mandatory fortification of enriched grain
products with folic acid (1996-1998). In Canada, there was a significant increase in the
incidence of prostate cancer after 1996 (voluntaryfortification wasintroduced in December
1996).

A prospective cohort study has suggested a potential harmful effect of folic acid intake
(= 400pg/d) on breast cancer risk (Stolzenberg-Solomon et al., 2006) (see page 14,
Observational studies). The WCRF report concluded that the epidemiological data for an
association between folate and breast cancer was too inconsistent or limited to allow
conclusions to be reached and that there was limited evidence that foods containing
folate protect against pancreatic and oesophageal cancer.

It was noted that the existing evidence is inadequate to make a judgement on the possible
association between folic acid and breast cancer risk and that breast cancer is a
multifactorial and complex disease which makes assessment of any folic acid-cancer
association very difficult. It was agreed that issues that required further consideration
included:

» Interactions between folate and alcohol intake
Age at menarche and menopause

Form of folate (natural vs folic acid)

Interaction of folate with other nutrients

Dose

Other risk factors

vV v v v v Vv

Genetic background.
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FOLIC ACID FOOD FORTIFICATION

A range of foods are voluntarily fortified' with folic acid at variable levels. This makes it
difficult for individuals and risk managers to assess the actual intakes of folic acid.
Modelling work undertaken in the UK (SACN, 2006) suggests that mandatory folic acid
fortification of flour together with restriction of folic acid from all voluntary sources would
result in a more even distribution of folic acid intakes across the population.

POPULATION GROUPS AND CANCER RISK

Population groups that might be vulnerable to folic acid supplementation were not
discussed as food fortification would have an impact on the whole population.

INTAKE LEVELS AND CANCER RISK

It was agreed that it was not possible to determine whether there was a dose-response or
threshold level associated with possible risk of breast, prostate, pancreatic or oesophageal
cancer. However, the consensus was that intakes should not exceed the UL.

"Voluntary folic acid food fortification is regulated under the provisions of Regulation (EC) No. 1925/2006 on the addition of
vitamins and minerals and certain other substances to foods.
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Plenary discussion and conclusions

IV PLENARY DISCUSSION AND CONCLUSIONS

41 Final comments and conclusions

Divergent views were expressed during the discussion and there was disagreement
between experts regarding the interpretation of the trial evidence and the UL of Tmg/d.
Some considered that the available evidence did not support an association of high
intakes of folic acid with possible cancer risk or the UL of 1 mg/day which is based on
limited data. The following general conclusions reflect the consensus of participants.

The beneficial effect of folic acid in reducing the risk of NTDs is well established. Women
who might become pregnant are the target population for this benefit. Others with low
folate intakes would also benefit from folic acid fortification. Suggestions for additional
benefits, including reductions in CVD, cancer occurrence, and cognitive decline, have also
been made; evidence for these benefits is not supported by randomised controlled trials.

Evidence from animal studies, trend datafor colorectal cancerincidence,and arandomised
controlled trial have raised concerns of a possible association between high intakes of
folic acid and promotion of cancer development and progression. While the totality of the
randomised trial evidence from the CVD trials does not suggest that folic acid intakes are
associated with increased cancer risk, these trials probably did not have sufficient power
to detect overall cancer risk or site-specific cancer risk and their duration of follow-up may
have been too short to detect cancer risk.

There are currently insufficient data to allow a full quantitative risk assessment of folic acid
and cancer or to determine whether there is a dose-response relationship or a threshold
level of folic acid intake associated with potential colorectal cancer risk

The current evidence does not show an association between high folic acid intakes and
cancer risk but neither do they confidently exclude a risk. The uncertainties in relation to
cancer risk highlight the importance of ensuring monitoring systems are set up for
assessment of folic acid intake and status and NTD and cancer incidence in countries that
decide to introduce mandatory fortification.

Targeted generation of additional data and knowledge, both epidemiological and animal/
mechanistic, might be important in informing the risk/benefit assessment of folic acid in
the future.
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Intakes of folic acid should not exceed the established UL of Tmg/day (SCF, 2000). However,
the UL is based on limited data and may need to be revised when further data become
available.

Setting maximum safe levels for the amount of folic acid that can be added to foods
voluntarily fortified with folic acid and supplements will be important in ensuring that
consumption of foods fortified with folic acid and folic acid supplements does not lead to
intakes above the UL.

4.2 Further research
Further research in the following areas may be helpful in informing future risk assessments
on the possible association between high intakes of folic acid and cancer risk:

Continued long-term follow-up (5-10+ years) for cancer risk in participants in folic acid
supplementation trials after the cessation of the trials.

An update of the B-Vitamin Treatment Trialists’ meta-analysis to assess the effects on risk
of any cancer and on site-specific cancers after completion of the 3 ongoing B-vitamin
trials that are due to report in the next 18-24 months.

Future studies need to take better account of total folate and total folic acid exposure
(natural food folate and folic acid from voluntary and mandatory fortified foods and
supplements) and folate status (measured by best/recommended assays, including
measurement of different folate forms and unmetabolised folic acid).

Further experimental studies on the pharmacokinetics of folic acid in animals and humans
(including folate metabolism in adenomas).

Modelling of population effects of food folates and folic acid intakes from voluntary and
mandatory fortification and from supplements.

Animal studies on the effect of folic acid supplementation on precancerous-resected
lesions.

In vitro and in vivo studies on proliferation effects.

Monitoring possible effects of unmetabolised folic acid on health outcomes.
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Improved folate status either through food folate or synthetic folic acid, has two proven
and several other probable and/or possible benefits. The two proven benefits are
prevention of NTDs and deficiency/anaemia. Probable benefits are reduction in stroke.
Possible benefits are reduction in: heart disease; occurrence of certain cancers; cognitive
decline; Alzheimer’s disease; osteoporosis: The above benefits would flow either from
optimum purine/pyrimidine and with it DNA biosynthesis or from provision of adequate
s-adenosylmethionine (SAM), with optimum methylation at the appropriate sites on
proteins, lipids or preformed DNA.

It is now recognised that attainment of sufficient folate status to achieve the above is not
attainable through most even apparently good diets. This is due in part to the poor
bioavailability of natural folates but more particularly, to their innate chemical instability.

By contrast, the synthetic form of the vitamin folic acid, is very bio-available and extremely
stable in stored food and during cooking. Given the above, the practice of using synthetic
folic acid as supplements (tablets) or by the mandatory or voluntary addition of folic acid
to food to fortify the diet is very commonplace. Which of the three approaches is used
varies widely in practice in different countries.

The drive for fortification is driven partially by commercial interest but also by public
health concerns that adequate status cannot be achieved with food folates alone. This is
almost universally recognised as necessary to prevent even a proportion of NTD affected
births.
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The use of folic acid has the benefit of bioavailability, stability and price. However, it is not
used without giving rise to some concern. The most prominent concern is that it prevents
the timely diagnosis of vitamin B,, deficiency. This issue depends upon the fact that folic
acid above a certain level appears in the circulation and enters cells in a way that is not
under normal metabolic control. In addition, it directly stimulates DNA biosynthesis and
cell division. When this happens in B,, deficiency it masks the emergence of the usual
anaemia, allowing the other effect of B,, deficiency, namely neuropathy, to proceed
undiagnosed to where it may be irreversible. A more recent concern is that a similar
mechanism may be at play in cancer. Thus, while folate/folic acid may prevent the
occurrence of new cancers, it may accelerate the growth of pre-existing cancers. These
latter concerns are based largely on animal models. More recently observations of
apparent increases in colon cancer post fortification in US/Canada have been published.
Of greater concern is that recurring polyps in subjects on high dose folic acid were more
numerous and had worse pathology than placebo treated peers. Both with respect to
masking of anaemia and accelerated cancer growth, greater risk exists in the face of
increasing levels of unmetabolised folic acid is in the circulation. Such folic acid does not
arise at low intakes but the body’s ability to convert it to natural folate is easily saturated
by moderate levels of intake.
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Benefits and risks of folic acid/folate

Benefits

Certain

Probable

Possible

Risks

Certain

Probable

Possible

Anaemia and Deficiency
Neural Tube Defects

Stroke
Heart Disease

Cancer Occurrence

Cognitive Decline
Alzheimer’s Disease

Other Birth Defects (eg. OFCs)

Mask Pernicious Anaemia

Accelerates Existing Tumour

Accelerates cognitive decline

Impairs immune function

Interferes with Methotroxate Therapy
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Benefits

Certain

Probable

Possible

Risks

Certain

Probable

Possible

Terminology

» folic acid:

Anaemia and Deficiency

Neural Tube Defects

Stroke

Heart Disease

Cancer Occurrence

Cognitive Decline
Alzheimer’s Disease

Other Birth Defects (eg. OFCs)

Mask Pernicious Anaemia

Accelerates Existing Tumour

Accelerates cognitive decline

Impairs immune function

Interferes with Methotroxate Therapy

> synthetic form (supplements, fortified foods)

> amonoglutamate

> no attachments to basic molecule

» folates:

> natural forms (plant and animal tissues)

> polyglutamates

> usually have a one-carbon attachment

Annex 3
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Weekly iron-folic acid supplementation (WIFS) in women of
reproductive age: its role in promoting optimal maternal and
child health

~

N

Folic acid fortification

WHO/FAO Guidelines on FFl and Partners

Fooﬁnrcc;(r)tmct?it é?]?swnh Second Technical Workshop
2006 ! on Wheat Flour Fortification:
Practical Recommendations

for National Application

K March 30 to April 3, 2008
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Wheat flour fortification: practical recommendations for
national application

-

www.who.int/nutrition

WHO, FAO, UNICEF, GAIN, MI, & FFI.
Recommendations on wheat and maize
flour fortification. Meeting Report:
Interim Consensus Statement.

Geneva, World Health Organization, 2009
(http://www.who.int/nutrition/
publications/micronutrients/wheat
maize_fort.pdf, accessed [date])

Average levels of nutrients to consider adding to fortified wheat
flour based on extraction, fortificant compound, and estimated
per capita flour availability

f Nutnent Hour Extaction Fate Campourd Levelafnutrient to be added

in parts per millinn {ppm] by estimated
awesage per capit wheat fouravaiabils (k)"
<75t U9 150300 >300
oy oy day oldy
Iren Low NaFeETA [ ) n 15
Femous Sulée & 50 El X
Fertus fmurae @ 50 El n
Hedtrolyiclon W " & )
High NaFeFITA & @0 E] 15
Fichcd LewarHigh Folic hcid 50 2% 13 10
VitamingB,, Lowarligh Ganocabalamin [ e o aog
ViarinA Lowarligh itamin A Falmitate 53 3 15 1
o Low TincOside % 55 [ 0

1. These estimated levels consider only wheat flour as main fortification vehicle in a public health program.
If other mass-fortification programs with other food vehicles are implemented effectively, these suggested fortification
levels may need to be adjusted downwards as needed.

2. Estimated per capita consumption of <75 g/day does not allow for addition of sufficient level of fortificant to cover
micronutrients needs for women of childbearing age. Fortification of additional food vehicles and other interventions
should be considered.

3.NR = Not Recommended because very high levels of electrolytic iron needed could negatively affect sensory properties
of fortified flour.

4. These amounts of zinc fortification assume 5 mg zinc intake and no additional phytate intake from other dietary sources.j
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Mandatory fortification 2007
Iron and folic acid: 50 countries
Folic acid: 2 countries

/FIGURE. Percenlage of wheat flour processed in roller mills
that was fortified — worldwide and by World Health Organization
(WHO) region, 2004 and 2007

80 O 2004

W 2007

Westom  Ewopoan SoutvEast Afican  Eastrn  Amencas Workwide
Padific Asa Mediter-
tansan
WHO region

Source: CDC. Trends in Wheat-Flour Fortification
with Folic Acid and Iron -Worldwide, 2004 and 2007.
MMWR 2008: 57(01);8-10

Fortification software programme

» Key component of a fortification programme is the calculation of the level of
micronutrient fortification in a food

> Must be both effective and safe

» Programme being designed to aid public health managers in calculating the optimal
level of additional micronutrients in a user-friendly way, using locally available data

» Input programme
> Upload food and nutrient intake data for population group(s) of interest
» Output programme

> Present descriptive data on the population and the percent of population with
inadequate intakes and excessive intakes
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» Fortification programme

> Evaluates the effect of fortifying one or more foods with one or more nutrients,
as specified by the user.

> Recalculates percent of population with inadequate intakes and excessive intakes

> May be able to suggest optimal levels of nutrients for fortification based on
desired population prevalence of inadequate and excessive intakes

Folate and vitamin B, , deficiencies

WHO technical consultation Geneva, Switzerland
October 18-21, 2005

published as supplement Food and Nutrition Bulletin June 2008

> The public health significance of folate and vitamin B,, deficiency
» Indicators to be used for assessing and monitoring vitamin status

> Strategies to control folate and vitamin B, , deficiency

206. EFSA meeting summary report: Folic acid: an update on scientific developments, 21-22 January 2009, Uppsala, Sweden



Annex 3 ‘ Presentations of speakers

"800 "U133]{Ng UOLILIINN PUD POOS ‘dPIMPIIOM SIIIUIIDYIP

Clg uiwyA pup 23D[0} JO PNIUBDW Y} JO MIIASY *|D J3 F UDBIY :224N0S

0¢

(7/]owu) UOIIRIIUIDUOD 3|0} WINISS

ac 0c Gl oL g 0

[epUIAOId / 311§

|euonen

I\

EFSA meeting summary report: Folic acid: an update on scientific developments, 21-22 January 2009, Uppsala, Sweden

PUISIP /2307

(€v) ueispyfel

HNS elewsient

(1¥) 21y yanos

(o) euyd

v(6€) ysope|bueg

v(8€) amaequz

v(£€) uepior

v(9€) sauiddijiyd

(5€) eusbIN

(L) vsn

v(r€91) eQND

(€€) aud mJ
(z€) ureds c

(L€) uspams s

v£(0€) SpuelRYIaN —4

NATSSORER

oq

ellesisny
933319

vx(61) ueder

v (1) wopBury pauun
v(8L) B2ty BISOD

"G00Z ‘S3InpDb Ul SUOIIDIIUIIUOD 3)D[OJ UDIN/

207.



Prevalence of folate deficiency in countries with nationally

representative data, 2005.

-

Population group and country

Adults

Inf

Venezuela (49)

PreS

Venezuela (49)

Mexico (50)

Costa Rica (51)

USA (15)

Venezuela (49)

Mexico (50)

USA (15)

L/PW| SAC

Costa Rica (52)

Switzerland (53)

USA (15)

France (54)

Mexico (50)

Costa Rica (55)

United Kingdom (21)

Germany (46)

Eld

United Kingdom (56)

USA (15)

10 20 30 40 50

Percent of population with folate deficiency

Source: Mclean E et al. Review of the magnitude of folate and vitamin B,

deficiencies worldwide. Food and Nutrition Bulletin, 2008.

60

/

Use of evidence in WHO recommendations

Oxman, Lavis & Fretheim. Lancet. 2007;369(9576):1883-9.

WHO guidelines are insufficiently transparent and not evidence based

vV v v v Vv Y

208.

Lack of use of systematic reviews

Lack of resources

Lack of transparency about judgements
Too much dependence on expert opinion
Lack of emphasis on adapting global guidelines to end users’ needs

Tension between time taken and when advice needed
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Solution 2007 - Effective as of 2008

» A review committee — Guidelines Review Committee

Minimum standards for:

v

> Reporting
> Processes

> Use of evidence

v

Revised WHO Handbook for Guideline Development

v

Different processes for documents to fit different purposes

> Rapid advice guidelines
> Standard guidelines
> Full guidelines

WHO Standards for guidelines Principles

Initial definition of scope and target audience
Development of ‘questions’

Systematic and comprehensive evidence retrieval and synthesis

Management of conflicts of interest

>
>
| 2
» Development of recommendations based on interpretation of evidence
>
» Standards for reporting

| 2

Plan for implementation and update
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Minimum standards for reporting in WHO guidelines

» Who was involved and their declaration of interests

» How the guideline was developed, including

>
>

How the evidence was identified

how the recommendations were made

» Use by date (review by date)

Standards for evidence Principles

» For recommendations:

v VvV VvV VvV V

Synthesis of all available evidence

Evidence summaries for group meetings using standard template
Formal assessment of quality of evidence

Consideration of resource use and costs

Linked evidence to recommendations, explaining reasons for judgements

» System for assessing evidence for interventions: GRADE

Nutrition Guidelines

» Questions needing review include:

>

210.

Effects and safety of folic acid supplementation during periconception
for preventing other birth defects

Effects and safety of (6S)-5-methyltetrahydrofolate in supplementation
programs for WRA

Supplementation of folic acid in WRA in malaria endemic areas
Benefits and safety of fortification of staple foods with folic acid

Risks: Maternal folate status coupled with low vitamin B,, status and
higher adiposity and insulin resistance in babies
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http://www.who.int/nutrition/en/

project;
Nutrition home

I Programmes and
.

Data and statistics

Nutrition topics
Databases

Nutrition

| WHO > Programmes and projects > Hubrition

Nutrition

NUTRITION FOR HEALTH AND DEVELOPMENT

Hulrion s an input to and foundalion for health and developmen.
Interaction of infection and malnutrition is well-documented.
nutrition means stronger mmuM systems, less illness and beﬂar mm-

Collaborating
centre:

Regional offices

About us.

. Healthy people are stranger, 2re moi
produckive and mare able 5 create opportun/5es 1o gradally break the
cycles of both poverty and hunger in a sustainable way. Better nutrition is
& prime entry point ta ending poverty and & milestane to achieving better
quality of life.

Eull information

Landscape Analysis on Countries’ Readiness to Accelerate
Action in Nutrition

EE

HEWS.

Launch of The 3 Five|
campaign for the
Iympic Game:

sentations of speakers
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~..efsam

European Food Safety Authority
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