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SUMMARY

In 20, the European Food Safety Authority (EFSA) established an EFSA Scientific
Cooperation Wor ki ng Group (ESCO WG) on A AL
fortification of food wiwadhaskedtd: i) revieacurrahto. The
practice in Member States regarding the level of voluntary fortification of foods with folic

acid, and ii) consider new evidence regarding the risk of high intakes of folic acid and the

need to review current guidance orfesapper levels of folic acid for all population

groups.

This report provides the results and conclusions of the activities of the ESCO WG to help
inform whether an opinion on risk assessment of folic acid and cancer is needed.

Data were provided by Working Groupmembers for each of the respective countries. The
main issues considered were: national congenital anomalies registries, prevalence of
neural tube defectNTDs), recommended dietary intakes of folgecticesof voluntary

and mandatoryolic add food fortification within European countries. The report also
explores the relationship between folic acid and cancer risk.

National representative data on the prevalence of NTDs are not available for all European
countries. Data from EUROCAT showsaththe prevalence of NTDs varies widely
between countries. Although all countries recommend women might become
pregnanto supplement their diet wi#h0Ceg/day offolic acid, the efficacy of this advice

is not evaluated in all countries.

A range of foods arevoluntarily fortified with folic acid at variable levels in most
European countries. Mandatory fortification has not been introduced in any European
country.

The health benefits of folic acid in relation to trezluction in risk ofNTDs are well
established through human intervention studi&sidemiological studies haveften
reporteddiets high in folateareassociated witla number of other healttenefits such as
redudng the risk ofcardiovascular disease (CVDOntervention studies using folic acid
have produced a range of different resultduding adverse effectgverall theydo not
supportthe hypothesis that folic acid supplementation ahan populations reduces the
chronic disease risk.

EFSA convened a meeting of experts to consider the evidence on the possible relationship
regarding folic acid and risk of cancer. The meeting identified key knowledge gaps and
made a number of research aeunendationsit consideed the result®f randomised

control tials (RCTs) designed to test the effect of folic acid on recurrence of colorectal
adenomas. These studies produddé@rent results: foustudies with3 year interventions
reported no adverseffects where as one longer term study reported adverse effects on
adenomas in the intervention groufhe meeting also consiat evidence on cancer
occurrence collected from participants in a consortium of RCTs designed to test the
hypothesis that fadi acid and other B vitamins would reduce CVD riskeTotality of
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evidence fronthe metaanalysis oftheseCVD trials does not suggest that folic acsd
associated with increased cancer .ridhwever the metaanalysis probablhdid not have
sufficient paver to detect over all or site specific cancer risk.

The research recommendaticatsthe meetingncluded the need for further animal and
human studies and for continued long term follow up of cancer risk in participants in
supplementation trials. It wascommended that such studies should take better account
of folate and folic acid exposure.

The working groupconcluded that there was currently insufficient data to allow a full
guantitative risk assessment of folic acid and cancer.

KEY WORDS: folic acid, folate, neural tube defectsancer risk,food fortification,
ESCQ
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European Food Safety Authority

DISCLAIMER

The conclusions and recommendations of this report reflect those of the national experts
involved in the ESCO Working Group on Analysis of Risks and Bsnef Fortification
of Food with Folic Acid and not necessarily represent the views of EFSA.
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BACKGROUND

Folate is a generic term for a naturally occurring familajroup vitamins comprising

an aromatic pteridine ring linked to-gminobenzoic acid and one or more glutamate
residues.tlis naturallyfoundin a variety of foods including green leafy vegetables, fruit,
liver, and yeast. Folic acid ithe synthetic form offolate which is widely used in
supplements and food fortificatioh.is more stable in foods and is better absorbea t
natural folatesEvidence from scientific studies has conclusively shown that folic acid
supplementation can prevent the occurrenaeeofal tube defectNTDs). This has lead

many countries to recommend women who might become pregnant to suppleenent t
diet with folic acid. Public health campaigns by countries to promote the awareness of
this message and promote supplement intake have been unsuccessful in most,countries
many women are still not taking folic acid supplements prior to and for ritenfeeks

after conception (EUROCAT, 2005). Some countries such as the US and Canada have
introduced mandatory folic acid fortification of a staple food such as flour, as a strategy to
reduce therevalenceof NTDs. This has resulted in significant declgia 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.

The prevalence oNTDs varies across the European Union (EU). The rate is cyrrentl
reported to range from 0.4 to 2.0 per 1,000 births. This difference in reported rates is
probablyat least in partlue to differences in reporting and collating data on NTDs in the
different European countries.

Voluntary fortification of food with folic acid is permitted in most European countries,
with considerable variation on the levels of folic acid added to food. Currently no
European country has implemented mandatory fortification, although some have
consideredt as a strategy to reduce the incide of NTDs.Mandatory fortificationis
currently under review in the United Kingdom and has been rejected in Sweden. These
reviews are taking place at least in part becafisecentdata suggesting an association
between high intakes of folic acid andncer risk. Mandatory fortification was
recommended in Irelanih 2006 but is now on hold ashere is currently sufficient folic

acid in the diet from voluntary fortification sources.

In 2008, the European Food Safety Authority (EFSA) established the EEiBAtific
Cooperation Working Group (ESCO WG) on Analysis of Risks and Benefits of
Fortification of Food with Folic Acid to share the experience and knowledge of folic acid
fortification of foods across the EU anddwaluate possible risks in terms of theed to
review the current guidance on tolerable upper level (UL) of folic acid for all population
groups.
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TERMS OF REFERENCE

The ESCO Working Group on Analysis of Risks and Benefits of Fortification of Food
with Folic Acid was established in 2008 witketfollowing terms of reference:

1. 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;

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

3. To provide regular feedback to the Steering Group on Cooperation, the Advisory
Forum and the Scientific Committee on progresade during the execution of the
project.

Timeline:

It was anticipated that the timeframe for the completion of the terms of reference would
be 12 years.

Milestones and deliverables:
The followingmilestones and deliverables were agreed:

1. Report to he Executive Director of EFSA.

2. Scientific meeting of experts to review data on potential cancer risks associated with
folic acid.

3. Possible recommendation to the Executive Director of EFSA for an opinion on risk
assessment on folic acid and cancer.

ACKNOWL EDGEMENTS

This ESCO report was prepared by the ESCO Working Group with the support of the
EFSA Scientific Cooperation Unit.
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The Chair wishes to thank the members of the ESCO Working Group and the EFSA
Scientific Cooperation Unit for their contribution dugi the meetings and in the
preparation of this ESCO reportln particular, many thanks go to Jacqueline
Castenmiller, Judith Ambesiylueller, and Irene Margaritis for their contribution in the
preparation of the Appendix 1 report, and the Food StandardacigUK) and Ake
Bruce, for their contribution in the preparation of the Appendix 2 report

WORKING METHODOLOGY

The ESCO Working Groupndertookthe following tasks:

To collect, compile and analyse information on the current situation and practices in
selected European countriesn rates of NTDRaffected pregnancies, dietary intakes of
folate/folic acid and national dietary recommendations of folic acid. Information and data
were compiled using scientific literature, country statistics on NTDs ratesailable,

and national survey data on nutrient intakes. Details and results of this analysis are given
in Appendix 1.

To assess the possible risks of high intakes of folic acid and the need for a review of
current guidance on safe upper levels of fotimdor all population groups. A scientific
meeting omFolic Acid: An Update on Scientific Developmeéntsas organisedn 2122
January 2009petween international scientists to assess the latest scientific evidence
regarding folic acid and risk of canc&he meeting report can be found in Appendix 2.

3 The collection of data veacarried out by Working Group members, for the following countries: Belgium, Denmark,
France, Germany, Hungary, Ireland, Italy, the Netherlands, Norway, Romania, Sweden, Switzerland, the United

Kingdom. The term O6Eur op e arferstothasd countdes istedabavo ughout t hi s
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BENEFITS AND RISKS OF FOLATE

There is a large body of published work in the scientific literature opdtentialbenefits
and risks of dietary folate and folic acid.

Evidence from randomised controllégials (RCTs) has conclusively demonstrated that
folic acid supplementation can reduce the risk of pregnancies with NTDs. In addition,
findings from epidemiological studies have suggested that high intakes of datatee
associated with a lower risk ofaiovascular diseasgCVD), somecancers and age
related cognitive declinalthough generally the results of RCTs with folic acid have not
been demonstrateslich positive benefits

Against these benefits, high intakes of folic acid have been associ#ttgabtential risks

of adverse effects. High doses of folic acid may delay the diagnosis of vitamin B12
deficiency by treatingfnasking) the anaemia of vitamin B12 deficiency which can lead

to irreversible neurological damagé&he Scientific Committee ofrood (SCF) set a
tolerable upper intake level (UL) of folic acid at 1mg per day, based on the risk of
progression of the neurological symptooasised by the masking baematological signs

of vitamin B12 deficiency(SCF, 2000). This UL level is applicabl® the whole
population (also relevant for patients suffering from pernicious anaemia), adjusted
downwards for children €17 years of age) on the basis of body weight. However, current
medical practice does not rely on the presence of anaemia for #wiaetof vitamin

B12 deficiency, which frequently presents without anaemia. New scientific evidence has
emerged over the past three years suggesting a possible link between high intake levels of
folic acid (levels near or exceeding the UL) and risks dfious types of cancer,
particularlycolorectalcancer. Evidence from animal studies suggests that high folic acid
intakes may have a dual modulatory effect on cancer risk: inhibiting the formation of
neoplastic lesions in normal tissues but acceleratiegntlalignant transformation of
existing neoplasms. Other postulated adverse effects of folic acid intake include
acceleration of cognitive decline with age and reduction of the efficacy of antifolate drugs
such as methotrexate used in chemotherapy for camea@ment and drugs used to treat
epilepsybut these research questions have been insufficiently studied.

9-115



3
K efsa- ESCO Report on Analysis of Risks and Benefits o
European Food afety Authoriy Fortification of Food with Folic Acid

CURRENT PRACTICES IN THE EU
Recommended intakes

In the EU, the recommended intake for folate is set by $6& EU population reference
intake B 20@ g folatédday for adults, 406y folate/dayfor pregnancy and 38@ folate per
day for lactation (SCF, 1993Recommendations for children are extrapolated from the
recommended intakes for adults on the basis of hweight and range from 26Q
folate/dayfor 1-3 years to 80€q for folate/dayfor 15-17 years.

Recommended national daily intakes for population groups vary across the thirteen
countries that were part of the ESCO Working Group. For adults the recommended daily
intake ranges from 200 to 49§ folate’. For pregnancy, it ranges from 3@060CGg
folate/day and for lactation from 260 to @@Dfolatdday The reason for this range
depends on the biological outcome used as a basis of the recommendation. Lower values
tend to be based on maintenancefaléte concentration irthe liver, whereas higher
values for adults tend to be based on maintalredgcinghomocysteine levels in plasma

(and the hypothesis that homocysteimenversely associated wittardiovascular risk

The recommendations of fotaintakesof European countries are provided in Appendix

1, Table 3.

Many EU countrieshave established food consumption databases from nasioneys
These showmean/median dietary folate intake ranges from 1534t g/day for adult
men and 122 t@3%g/dayfor women. Folate intake data can be found in Appendix 1,
Tables 6 and 7.

Compared to the national recommendations, rme@dianfolate intakes of women were
reported to be below the national recommendations iocaihtries except Belgium and
UK (for details see Appendix 1; Table 7). For adult men, the foltd&es were below the
national recommendations in France (except men agé&d 4&ars), Germany, Hungary,
the Netherlands and Sweden.

When comparing intakescross European countries it should be noted that there may be
differences in methods of collecting and analysing consumption data. Also, the age groups
included, and the quality of nutrient databases Maraddition, it is useful to bear in

mind that reommendedaily intakes do differ across the European countries. Therefore
caution should be applied in the interpretation of these values and making comparisons
across countries.

“In some countries folate dietary recommendations are expressed as dietary folate equivalents (DFE).
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Folate status

Data on folate status for population groups in the diffecenintries were obtained from
scientific studies on biomarkers and where available, national surveys (see Appendix 1,
Table 8 for details). Suitable biomarkers for folate status include concentrations of red
blood cell folate, plasma or serum folaBomecountries also use plasma homocysteine

as a marker of folate deficiency

Mean red blood cell concentrations, an indication of tissue stores of folate were not
available for all countries. Values above 340nmol/l indicate sufficient stores, however,
due tothe limited data it is difficult to assess or make comparisons of the folate status
across the countries. Data available from selected countries indicate that folate status
based on serum, plasma and/or red bloeld concentrations ackequate

In addition, a review by Dhonuksheutten et al. (2009) found that plasma or serum

folate status in Europe ranged from 6.3 to 20.1nmol/l (based on data from 1990 to 2005).

No obvious differences existed in status indicators between men and wBlasma

folatdevelsl ower than 10nmol /|l was defined as bein
Omoder at ed6 and ab ov eFoldténtakeavas/ohly waakly cbrfelatedo ur a b | ¢
with plasmafolatelevels.

Recommendations for pregnant women

In all countries, women ofhildbearing age whanight become pregnant are advised to

supplement their diet with 48g of folic acid daily. However the timing of the advice

and the duration differ across Europeasuntries. The duration of the recommended
supplement intake variesasré countries and ranges from 06a
stoppedo6 to 6four weeks before conclé'ptiond a
week of pregnancypyt hr oughout laptatiety ihia mastycomamorndly advised

to start taking the gplement four weeks prior to conception until thelfth week after

conception. Data were not available on compliance with recommendations in all
countries but in those reporting compliance, it varied from akduto 80%. In general,

evidence from studs which have evaluated the efficacy of policies of recommending

women to use folic acid supplements with the aim of reducing-Bifiéted pregnancies

have shown no or very limited effects in most European countries (Dolk,.2005)

The systems for monitorindNTDs within and across European countries are not
harmonised. National congenital anomaly registers are only available in some countries.
The best estimates of the prevalence of NaBsavailablefrom EUROCAT, a Europe

wide network of populatiobased rgistries for the epidemiological surveillance of
congenital anomalies. As part of this network more than 1.5 million births are surveyed
annually and data come from 43 registries in 20 countries covering about 28% of
European births. The prevalence of NTézsies widely among thEuropean countries
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estimated to be between 4.13 and 19.70 per 10,000 births. This variation is mainly due to
the different reporting systems for collating data on congenital anomalies and differences
in policies on pregnancy termation and antenatal screening across European countries. It

is likely that actual figures are much higher. The number of {difécted live births in

Europe has decreased considerably over the last 25 years due to preterm diagnostics, and
as a consequenchigher numbers of induced abortions after diagnosed NTDs (Dolk,
2005).

Voluntary food fortification

Voluntary fortification is widely practiced in the EU under the regulation 1925/2006/EC
on the addition of vitamins and minerals and of certain othertautes to foods. This
regulation allows the fortification of all foodsxceg unprocessed foods and alcoholic
beverages. Foods voluntarily fortified with folic acid are widely available on the
European market, except in Sweden where voluntary fortificaioot practiced, anth
Denmark and Norway where approval is required. A range of product categories that are
fortified on a voluntary basis includes dairy products, breakfast cereals, cereal bars, fruit
juices, fat spreads, bread and beverages. Maxitauets for the addition of folic acid to
foods are not yet set in European regulati@eta gathered as part of this project showed
that the levels vary widely, with the highest levels added to spreads 10pGxg/1009.

As part of the implementatiorf the regulation 1925/2006/EC, work is currently ongoing
on setting 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 Commisgid@2006). The contribution of voluntarily fortified
foods to the reduction of NTDs is difficult to assess as variable levels of folic acid are
addedto a range ofolic acid fortified foods.However, recent data from Ireland suggests
that as a result of Mantary fortification there has been an increase of about 30% in
dietary folic acid intakes among women over the p&asy2ars, and the reduction in NTD
prevalence in Ireland in recent years is likely due, in part, to the increased voluntary
fortification of foods with folic. Evidence from the UK however indicates that some
people exceed the UL for folic acid due \oluntary food fortification alone (others
exceed the UL due to supplements aland somedue to a combination of fortificants
and supplemesy.

Mandatory food fortification

Mandatory fortification with folic acid has been introduced in some 50 countries
worldwide, as a strategy to help women increase their intake of folate. Reports from the
US and Canada have shown an effective decline inN[IDC et al., 2002; De Wals et

al., 2007; Williams et al., 2005Heseker et al(2008) reported that countries with
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mandatory folic acid fortification achieved a significant decrease in the prevalence of
NTD. The prevalence of NTD at birth declined tgagximately five cases per 10,000
births and 78 cases at birth or abortion per 10,000. This decline was independent of the
amount of folic acid administered and reveal&la@or effecbfor folic aciddependable
NTDs. Thus, not all cases of NTDs are praable by increasing folate intake (Heseker et
al., 2008).

Mandatory fortification of folic acid is not implemented in any of the countries involved
in this ESCO Working Group nor in any other EU country. Although it is under serious
consideration in Irelad and United Kingdom, it has yet to be introduced as a public
health policy.

The main issue for consideration when deciding whether to introduce mandatory food
fortification with folic acid is the riskbenefit ratio concerning the possible increased risk
with regards to an excessive intake of folic acid and the possible increased benefit with
regards to reducing thgrevalencef NTDs inapopulation.
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FOLIC ACID AND CANCER RISK

High intakes of folic acid, the synthetic form of folate, have been assdaiath adverse
effects. Some data suggest the possibility that high folic acid intakes may be associated
with increased risks of cancer. A possible role of folic acid in cancer development is
supported by biologically plausible mechanisms. Folate is &aken biological
methylation reactions and nucleotide synthesis and impairment of these processes are
thought to be involved in cancer development.

Some animal models have suggested the possibility of a dual role of folic acid in cancer
development, deending on the timing and dose of the intervention: high intakes may
suppress development of early lesions in normal tissue (thereby protecting against cancer)
but increase the progression of established neoplasms (thereby increasing risk of cancer).
The elationship between folic acid and colorectal cancer (CRC) seen in animal studies is
broadly consistent with biochemical evidence on folate metabolism. 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 expeoteéles from food
fortification.

Human epidemiological data are inconclusive. A review by the World Cd&esearch

Fund WCRF/AICR, 200) concluded that there is limited evidence of a protective effect

of folate (based on papers published before 2006). The report noted, however, uncertainty
because of potential confoundjregfect modification (particularljyrom B vitaming, and

the quality of dietary exposure assessment (distinction between intake levels of natural
folate vs synthetic folic acid etc.). Furthermore, it is important to note that findings from
epidemiological studies come from observations tt@ild be confounded by other
dietary or non dietary factors associated with cancer risk. Theréf@senot possible to

reach conclusions about folic acid intakes and potential cancer risk from observation
studies.

Time trend data from USA and Canadew an increase of colorectal cancer incidence
around the same time as the introduction of mandatory folic acid fortification (Mason et
al., 2007). However, there are a number of points of uncertainty that limit interpretation
of the Mason study. These lade: i) uncertainty regarding the precise timing of the
increase in the population exposure to folic acid in relation to upturn in CRC incidence,
ii) the plausibility of an immediate cancer effect (although this finding is consistent with a
possible verylate and immediate progression of established adenomas to colorectal
cancey, iii) epidemiological associations between folic acid and cancer risk may differ
due to preexisting supplement use or voluntary fortification status in the studied
populations, ad iv) there were improvements in screening practice for colorectal cancer
around the same time in question, which may have accounted for some changes in
colorectal cancer incidence. Sudden increase in cancer incidence can be caused by a
change in screemgn practice or data collection (case ascertainment, definition, or
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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.

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 theffects 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 efiamins (including folic acid) on CVD risk,
which also collected data on cancer outcomes.

Four randomised controlled trials (RCTs) have assessed the effect of folic acid
supplementation on the risk of recurrence of colorectal adenomas (Paspatis and
Karmanolis, 1994; Cole et al., 2007; Jaszewski .et28I08; Logan et al., 20p&nd one
unpublishedJS trial (E. Giovannucci peronal communication 2009. The results from

two small trials §=60, Paspatis and Karamangli994andn=93,Jaszewski et gl2008

in which 1 and 5 mgfolic acid were supplem&ed for 2 and 3 years, respectively)
suggested thafolic acid supplementation reduces adenoma ;rifkese trials were
however likely to have been underpowered to assess the effect of folic acid on cancer risk.
The trial by Logan et al. (2008) reporteatlfiolic acid supplementation (0.5mg/day for 3
years; n=853) did not have a significant effect on adenoma recurrence (RR, 1.07; 95% CI,
0.851.34). The unpublished US triE. Giovannucci, personal communication, 2009)
also found no effect of folic acidupplementation (1mg/day for 3 years; n=692) on
colorectal adenoma recurrent¢¢éowever,the available data comes froBnyears follow

up.

The trial by Cole et al. (2007) reported that folic acid supplementation in a dose of 1mg
per day did not prevent the@wkelopment 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; CI, 61920; p=0.58) or after 6 years (RR, 1.13; CI,
0.931.37; p=023). However, after 6 years (carried out in a-guiup 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; CI,-28W p=0.05) and
significantlymore people in the folic acid group with 3 or more adenomas (RR, 2.23; Cl,
1.234.35). In addition to taking the assigned intervention dose ofdlragbjects in this
study were also exposed to mandatory folic acid food fortification in the US which is
edimatedto have provided at the time an additio@@Dug folic acid per day. Therefore

the findings of this trial suggested that folic acid at doses in excess of 1mg/day may
increase the risk of developing multiple/advanced adenomas after a few yearandelay
consequently increase the risk of cancer.

A number of trials have investigatedvi@éamins supplementation (including folic acid)
for prevention of cardiovascular disease (CVD) in people with a prior history of CVD or
renal diseaseThese trials alsaollected data on the effect of folic acid on cancer
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outcomes.The BVitamin Treatment TrialisCollaboration (BVTT) was set up as a
prospective metanalysis of results from all the-Btamin trials in order to provide more
reliable evidence for the effts of B vitamins on vascular and reascular outcomes
(unpublished results8 trials n=37,48% R. Clarke, personal communicatjo2009.
Results from the metanalysis found no significant beneficiat adverse effect of B
vitamins on vascular eventaJl cause mortality, cancer, or cancer in any of the pre
specified sub groups or at any specific sites. The data presented were based on trials with
folic acid doses ranging from 0.80mdd for amedianduration of Syears.Interpretation

of these resultss limited by the short duration of follow up in comparison to the longer
periods of time over which cancer usually develapdthe limited powerof the meta
analysisparticularly for the site specific cancers (e.g. colorectal, breast and prastate)
unlikely that a@equately poweredandomisedcontrolled trials for site-specific cancer
would be possible because of the véaygenumber of people required.

The existing evidence base on breast cancer is inadequate to make a judgement on the
possible asociation between folic acid and breast cancer risk. Breast cancer is a
multifactorial and complex disease which makes assessmeatyadfolic acid cancer
association very difficult.

Scientific data publishedup until January 200%nd data presented #ie scientific
meeting onfFolic Acid: An Update on Scientific Developmeén{dan 09) hasbeen
considered by the ESCO Working Grode ESCO Working Group note that evidence
base on folic acid and cancer continues to develop.
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CONCLUSIONS AND RECOMMENDATI ONS

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 béxtleét.
population groups with low folate intakes(groups who have intakes below their
requremenj would also benefit fronfolic acid. Although suggestiondor additional
benefits, including reductions in CVD, cancer occurrence, and cognitive decline, have
been madeevidence for these benefits is not supported by randomised controlled
trials.

National recommendations/reference values for folate intake vary acrdssrdpean
countries ranging from 2@@ to 40@g folate per day for adult®\ll countries also
recommend women of childbearing age/planning a pregnancy to supplement their diet
with an additional40Ceg of folic acid per day.

The available data on folate intake and status varies across European countries.
National representative datnot available for all countries. Variation in the methods
used for collecting and analysing data makomparisons between different
population groups and countridsficult. Theefore,harmonisation of methodologies

for data collection and reporting, e.g. on food consumption and assessment of folate
status is important.

There is wide variation in the @valence of NTDs in European countries. It is likely
that the number of NTDs is higher than reported as the data on Kdmgiled
through EUROCAT does not provide national coverage for all European countries.
Furthermore, there are differences in monitgriand reporting of NTDs. Few
countries have national systems in place to collate data on all-affétied
pregnancies, including those that are terminated. Efforts should be made to improve
NTD registers so that reliable dais available on the incidenceof all affected
pregnancies.

The effectiveness of advice® women planning a pregnancy on increasing folic acid
intakehasnot beenevaluated in all European countri®ghere thepolicies havebeen
evaluategddata shows that most women do not follow tdgiee in the critical very
early stages of pregnanfyhen theneural tube is developih@ndthere is limited/no
impact on NTD incidence

Voluntary fortification of foods with folic acid is very common in Europe with wide
variation in levels of folic acidadded to various foodstuffs. Mandatory food
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fortification is not practiced ithe countries involved in this ESCO Working Group
nor in any other EU country.

Evidence fromanimalstudiessuggest® possible association between high intakes of
folic acid and promotion of cancer development and progresdibar is also a time
trend study frem the USA and Canada that suggests colorectal cancer incidence
increased at around the same time mandatory fortification with folic acid was
introduced Interpretatiorof this evidence is limited for a number of reason

Evidenceon folic acid and cancer risk is also available from a numbexrmfomised
control tials. Some of these trials were specificallgsigned to test the effect of folic
acid on recurrence of wectal adenomaslThese ha produced different results:
four studies with threeyear interventions reported no adverse effects where as one
longer term study reported adverse effects on adenomas in the intervention group.
Resuls on cancer risk have ald®een brought together in a metaalysis from other
randomised control imls designed to test the hypothesis that folic acid and other B
vitamins would reduce CVD risk. €htotalityof evidence fronthesetrials does not
suggest that folic acid intakas assocated with increased cancer riskowever
interpretation of these daislimited by a number of issues including duratmfrthe

trials and powenof themetaanalysis

Other postulated adverse effects of folic acid, such as accelerating codsttiire
with age or reducing the efficacy of antifolate drugs, have been insufficiently studied.

Present data do not allow determination of whether there is arelgsense
relationship or a threshold level of folic acid intake associated with potential
colorectal cancer risk. 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 may
be useful; however, it should be noted that thermsufficient evidence to asse
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. The difficulty of assessing a
threshold for a possible carcinogenic effect of folic acid, based on interpretation of the
cancer studies in humansalso recognised.

Intakes of folic acid should not exceed the established upper intake level (UL) of
1mg/day (SCF, 2000The UL is based otimited data and may need to be revised
when further dateecome available.
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e The uncertainties in relation to cancer risk highlight the importance of ensuring
monitoring systems are set up for assessment of folic acid i(ftake supplements
and fortifiedfoods) folate status and cancer incidende addition it is important to
have reliable monitoring systems for NTDi.is also important to distinguish
between different sources of folic acid, i.e. from fortified foods and from supplements
as thepharmdineticsmay vary depending otne form and dosage (single, multiple)
of application

e Setting maximum safe levels for the amount of folic acid that can be added to foods
voluntarily fortified 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 for any population subgroup, including young children.

e There is currently insufficient data to allow a full quantitative risk assessment of folic
acid and cacer risk. Scientific developments within this area should be closely
monitored.

e The targeted generation of additional data and knowledge, both epidemiological and
animal/mechanistic, might be important in informing the risk/benefit assessment of
folic aad in the future.
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INTRODUCTION

The purpose of this report is to provide an overview on the current practices of
monitoring and registering neural tube defects (NTDs), recommended daityifdakes,

food fortification practiceswith folic acid, dietary intakes of folates and folate status of
the European countries participating in the ESCO Working Group on Analysis of Risks
and Benefits of Fortification of Food with Folic Acid.

The repot comprises of the following areas:

national congenital anomaly registries;

data on prevalence of NTDs;

recommendations on daily intakes of folate and folic acid;
supplementation with folic acid;

voluntary food fortification with folic acid;

mandatory fod fortification with folic acid;

folate/folic acid intake data; and

folate status.

Membership of the ESCO Working Group comprised of experts from the following
countries: Belgium, Denmark, France, Germany, Ireland, Hungary, Italy, the Netherlands,
Norway Romania, Sweden, Switzerland and the United Kingdom. This report contains
data only from those countries involved in the Working Group. Each member of the
ESCO Working Group provided data in the form of a report for their respective country.

Appendix 124-115



o
e efsa_ ESCO Report on Analysis of Risks and Benefits o
Fortification of Food with Folic Acid

European Food Safety Authority

CONGENITAL ANOMALY REGISTRIES AND PREVALENCE OF NEURAL TUBE
DEFECTS

Congenital anomalyregistries

Data on NTDs are collated and registered through congenital anomaly registries. Many
European countries collaborate in the European network of populsis®d regiskes for

the epidemiologic surveillance of congenital anomalies (EUROCAT), which is a WHO
Collaborating Centre for the Epidemiological Surveillance of Congenital Anomalies
(http://www.who.int/genomigs

The survélance of congenital anomalies serves the following main purposes: to facilitate
the identification of teratogenic (malformation causing) exposures; to assess theoimpact
primary prevention, prenatal screening policy and practice at a population Newvel.

than 1.5 million births are surveyed every year in Europe with 43 registries in 20
countries, covering 28% of the European birth populatiime number and size of
registriesvary considerablycross countries. In Hungary, Norway and Sweden all births
are covered by the EUROCAT registry, whereas in Denmark, Germany, the Netherlands
and Switzerland10% or less of all births are covered. In many cadeta is only
available for certain regiored a country which participate in the EUROCAT system.

Tablel provides an overview of the coverage of the European population by EUROCAT
registries (from August 2006). All countries, except Romania, represented in the ESCO
Working Group participate in EUROCAT. Sweden and Norway participate as associate
members.
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Table 1: EUROCAT registries of congenital anomalies in selected European countries

Country Registry Number of Annual Number of Annual Country coverage (%)
births in registry births in country

Belgium Antwerp 18,100

Hainaut 12,000

Total 30,100 115,500 26.1
Denmark Odense 5,300 64,800 8.1
France Auvergne 13,400

Paris 38,300

Central East 91,000

Strasbourg 13,400

Total 156,100 789,100 19.8
Germany Mainz 3,200

SaxonyAnhalt 17,000

Total 20,200 742,500 2.7
Hungary 113,800 113,800 100.0
Ireland Cork and Kerry 8,500

Dublin 23,400

SE Ireland 6,300

Total 38,200 60,500 63.2
ltaly Campania 59,900

Emilia Romagna 27,400

North East 60,200

Sicily 16,000
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Country Registry Number of Annual Number of Annual Country coverage (%)
births in registry births in country

Tuscany 27,700

Total 191,300 528,300 36.2
Netherlands North 30,000 195,600 10.2
Norway 57,400 57,400 100.0
Sweden 99,500 99,500 100.0
Switzerland Vaud 6,900 74,000 9.3
United Kingdom Northern Region 30,300

North Thames 48,500

Oxford 6,700

Trent 64,300

Wales (CARIS) 31,300

Wessex 26,300

Total 207,400 721,200 28.8

Source: EUROCAT Europe&@urveillance of Congenital Anomalies (from August 200@&)://www.eurocat.ulster.ac.uk
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Prevalence of neural tube defects

NTDs are the most common major malformation of the cenémadous system which can
involve the brain, spinal cord, meninges (covering membranes), skull and spine. The
terms used to describe these are based on clinical descriptions and the presumed
embryological defect. These defects include spina bifida (altedoalyelomeningocele,
accounting for approximately half of NTDs), anencephalus, encephalocele and
iniencephalus.

The total prevalence of NT-Bffected pregnancies includes all NTD affected-bughs
(including neonatal deaths), stilrths and preterm abtions (including induced
abortions). Data on the prevalence of NTDs from EUROCAT is provided in Table 2.
Some countries have natiorsairveillancesystems for the registration of NTDs.

The available data show that the prevalence of MifBcted pregnames range from 4.13

to 19.70 per 10,00Mirths. However, reported data on NTDs are subject to under
notification and diagnostic misclassification. Completeness of reporting varies according
to the type of condition being notified; for example, data oesas anencephaly and
spina bifida, which are readily visible conditions, tend to be more complete compared to
less visible conditions. Levels of reporting also vary according to the different regions
within countries. Another issue is the underreportimigNG D terminations. In some
countries terminations are illegal such as in Ireldnerefore the actual number of NTD
affected pregnancies is likely to be higher than reported

Comparisons of the proportion of cases prenatally diagnosed, the averagjerggsige

at diagnosis, diagnostic methods used, and the proportion of cases resulting in termination
of pregnancy show enormous variation between and within countries. Such variation may
result from cultural differencesunderlying policy or individual ptake, differing
interpretations of the scientific evidence in the design and implementation of screening,
or differences in the health services provided.

REFERENCES
EUROCAT (European Surveillance of Congenital Anomalies).
<http://www.eurocat.ulster.ac.&k
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Table 2 Prevalence oNTD-affected pregnancies in selected European countries participating in EUROCAT (per 10,000 births)

Country Year No. of live No. of fetal No. of No. of LB LB+FD LB+FD+
range births deaths/still terminations of  LB+FD+ rate rate TOPFA
(LB) births from 20 pregnancy for TOPFA rate
weeks fetal anomaly
gestation (FD) following
prenatal
diagnosis
(TOPFA)
Belgium, Antwerp 19902006 71 19 134 224 3.00 3.80 9.46
Belgium, Hainaut 19802006 101 28 185 314 3.37 4.29 10.43
Denmark 19802006 81 31 60 172 5.68 7.81 11.99
France, Auvergne 2002 2 0 9 11 151 1.49 8.21
France, Paris 19812006 155 89 932 1176 1.65 2.58 12.42
France, Strasbourg 19822004 58 23 266 347 1.95 2.73 11.70
France, @ntral East 19802004 459 49 797 1305 1.96 2.15 5.53
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Country Year No. of live No. of fetal No. of No. of LB LB+FD LB+FD+
range births deaths/still terminations of  LB+FD+ rate rate TOPFA
(LB) births from 20 pregnancy for TOPFA rate
weeks fetal anomaly
gestation (FD) following
prenatal
diagnosis
(TOPFA)
France, Rhondlps 2006 9 2 55 66 1.90 2.30 13.79
Germany, Mainz 19902006 70 7 40 117 11.78 12.96 19.70
Germany, Saxony 19872006 91 17 180 288 3.44 4.06 10.82
Anhalt
Hungary 19982002 135 11 260 406 2.80 2.60 7.23
Ireland, Cork and Kerry 19962003 54 26 0 80 8.62 12.70 12.70
Ireland, Dublin 19802006 741 308 0 1049 12.88 18.12 18.12
Ireland, Galway 19811999 66 18 0 84 12.19 1541 15.41
Ireland, SE 19972006 52 12 0 64 8.41 10.35 10.35
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Country Year No. of live No. of fetal No. of No. of LB LB+FD LB+FD+
range births deaths/still terminations of  LB+FD+ rate rate TOPFA
(LB) births from 20 pregnancy for TOPFA rate
weeks fetal anomaly
gestation (FD) following
prenatal
diagnosis
(TOPFA)
Italy, Campania 19962004 94 8 223 325 1.97 2.13 6.78
Italy, Emilia Romagna 19812006 195 21 151 367 2.95 3.26 5.53
Italy, North East 19812003 327 45 333 705 2.90 3.30 6.25
Italy, Sicily 1991-2004 100 6 - 106 3.89 4.13 4.13
ltaly, Tuscany 19802006 105 18 213 336 2.10 2.45 6.69
Netherlands 1981-2006 239 82 103 424 5065 7.54 9.96
Norway 19992005 139 13 267 419 3.45 3.74 10.30
Sweden (100,000 19992005 155 458 8.76
birth/year)
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Country Year No. of live No. of fetal No. of No. of LB LB+FD LB+FD+
range births deaths/still terminations of  LB+FD+ rate rate TOPFA
(LB) births from 20 pregnancy for TOPFA rate
weeks fetal anomaly
gestation (FD) following
prenatal
diagnosis
(TOPFA)
Switzerland 19892006 31 3 109 143 2.31 2.52 10.61
UK, England and Walés 1995-2004 104 298 402 1.7 6.4
UK, Scotland 19922003 33 33 66 6.0 12

® Source of birth data: National Congenital Anomaly System. Data &sSaptember 2005.

Source of terminatiodata: Series AB ONS Abortion statistics 198801; DH Statistical Bulletin Abortion statistics 2002004

% Figure include NTD miscarriages

" Source of birth data: Scottish Perinatal and Infant Mortality & Morbidity Report (2003), Information & SsaBtision, National Health Service Scotland Termination data
source: General Register Office for Scotland and Notifications (to the Chief Medical Officer for Scotland) of abortiomegdenfaler the Abortion Act 1967.
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Country Year No. of live No. of fetal No. of No. of LB LB+FD LB+FD+
range births deaths/still terminations of  LB+FD+ rate rate TOPFA
(LB) births from 20 pregnancy for TOPFA rate
weeks fetal anomaly
gestation (FD) following
prenatal
diagnosis
(TOPFA)
UK, Northern Irelandl 19921993 16 6.9

Source: EUROCAT Website Database: http://wwwmiedical.co.uk/eurocatlive (data uploaded 08/12/2008). NTDs resulting from chromasomahogenetic disorders are
included. UK data: national surveillance data.

8 Source of birth data: Child Hia Systems (Northern Ireland and Social Services Boards)
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RECOMMENDATIONS ON FO LATE INTAKES IN EUROPE

Function and metabolism

The term folate(s)s a generic term for a naturally occurring family ofgBup vitamins
comprising an aronte pteridine ring linked to yaminobenzoic acid and one or more
glutamate residues

Folic acid is the synthetic form of folate which is commonly used in supplement®ahd
fortification. It is more stable in comparison to other forms of the vitaminiandt present
naturally in foods

Folate acts as a coenzyme in several single carbon transfer reactions to synthesize components
of DNA, RNA and proteins.

The bioavailability of naturally occurring folate is lower than that of folic acid. This differenc

in bioavailability is partly due to the fact that folic acah be absorbed directly, whereas food
folates (mainly polyglutamates) need to be enzymatically hydrolysed by a (brush border
associated) deconjugase enzyme to the monoglutamyl form in theefpre absorption.
Other factors that influence bioavailability are matrix effects and the presence of inhibitors of
the deconjugase enzyme in some foods.

Folic acid enters the folate cycle after reduction by (dihytbiate reductase. At higher
intakesof folic acid (for example a single oral dose26{xg) it mayappear unchanged in the
circulation (Smithet al, 2008). Under normal conditionsN6THF (as monoglutamate) is the
only form present in plasma.

Folates enter cells as monoglutamates, but are rapidly modified by the addition of four to eight
glutamate residues to form long side chains. The folates that are used as coenzymes and
regulatory molecules in the body are all in the reduced form as tetrahydrofolate derivatives.
About 50% of the body stores of folate, estimated to b28i3g,areconsiderd to be present

in the liver (IOM, 1998).

Recommended folate intakes

Recommended daily intakes are usually based on the requirement to maintain the level of
folate in serum or plasma red blood and liver cells within normal physiological ranges and in
some countries, to prevent high levels of plasma homocysteine concentrations. Often
recommendations are expressed as dietary folate equivédtEs 2000, thereby correcting

for the lower bioavailability of food folatef 1eg of DFE is equal to &g food folate and is

equal to 0.8g folic acid taken on an empty stomacln some EHropeancountries, the
conversion proposed by the Institute of Medicine (IOM, 1998) in the USA is used, which
accounts for the fact that synthetic folic acid, which is consumed togeithefoods, has a
reduced bioavailability of 85%. Thus, 1ug folic acid from a fortified diet equals 1.7ug folate
and 1ug from supplements equals 2ug folate. Approaches using depletion of folate and
considerations of folate catabolism suggest daily requents of 5A.0Ceg. The European
population reference intake for folate is 2@@ay for adults and 4@@/day for pregnant
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women (SCF, 1993). A higher requirement is set for pregnancy as red cell folate
concentrations decrease during pregnancy. This decrease is dumtalihatéon and the extra
demand for folate by theétus This decrease in red blood cell folate can be prevented by an
additional dietary folate intake of 200 pg or a supplement intake afglLfiic acid daily. A

daily increment of approximately 186@ is suggested for normal lactation (SCE993).
Across the European countries, recommended daily intakes for folate for adults range from
200 to 40@g/day depenthg on the biological outcome used as a basis of the
recommendation. Lower values tend to be basednaintenance of folate concentration in
liver samples, whereas higher values tend to be based on maintaining homocysteine levels in
plasma whichhave beerassociated witlcardiovasculadisease(CVD) risk. For pregnant
women, recommendations range fr800 to 60@g/day. For lactating women, recommended
daily intakes range from 260 to &fJday. Recommendations for children in most European
countries are extrapolated from the recommendations for adults on the basis of body weight.
The recommended daily intakes fohildren are much higher in Germany and Switzerland
than in other European countries. An overview of the recommended intake levels for folate is
provided in Table 3.
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Tolerable upper intake level

In 2000, the SCF set a tolerable upper intake level (ULjdic acid ofl mg/day for adults.

The lowestobservedadverseeffect level (LOAEL) was set at 5mg/day. It was concluded that
doses up to 1 mg/day of folic acid were unlikely to cause masking of the haematological signs
of vitamin B12 deficiency. No dataere available to suggest that other-Bfage groups had
increased susceptibility to adverse effects of high folic acid intake. Therefore, the @lswas
deemed applicable for pregnant or lactating women. The UL for children and adolescents were
set onthe basis of body weight, as follows

Age (years) Tolerable upper intake level (UL)
for folic acid (eg/day)

1-3 200

4-6 300

7-10 400

11-14 600

1517 800
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Table 3 Recommendations of daily intakes of folates@lectedEuropean countrieg ¢/dayy

Age 0-1 1-3 46 48 49 79 7- 9- 10 100 11- 11- 14 15 15 19+ 19+ Pregnant  Lactating

(years) / 10 13 14 15 14 18 18 17 18 men  women women women

sex

Belgium 50 100 130 150 180 200 200 200 400 350

Denmark 50 60 300 300 300 500 500
4000

France 70 100 150 200 250 330 300 400 400

Germany 60-80 200 300 300 400 400 400 400 600 600

Hungary 200 200

Ireland 50 100 200 200 300 300 300 300 500 40¢°

Italy 50 100 130 150 180 200 200 200 400 350

Netherlands 4060 85 150 225 300 300 300 400 400

Norway 300 300 300 500 500
400

® In some countries folate dietary recommendations are expressed as dietary folate equivalents (DFE).
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Age 0-1 1-3 46 48 49 79 7- 9- 100 100 11- 11- 14 15 15 16 19+ 19+ Pregnant  Lactating

(years) / 10 13 14 15 14 18 18 17 18 18 men women women women

sex

Romania

Sweden 300 300 300 500 500
4000

Switzerland  60-80 200 300 400 400 400 400 600 600

UK 50 70 100 150 200 200 200 600 260

SCF for 50 100 130 150 180 200 200 200 400 350

Europe

a In Denmark, Sweden and Norway the Nordic Nutrition Recommendations 2004 are used.

b Secaod half of pregnancy.
¢ First six months of lactation.

10200ug is recommended for all women plus an extra 400ug of folic acid to women who mighehzegmant

11600ug is recommended until 12veek of pregnancy
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RECOMMENDED PERICONCE PTIONAL FOLIC ACID S UPPLEMENTATION

In Table 4 an overview is presented on recommendations for periconcegbboahcid
supplementation in European countries, including médron about compliance and how the
recommendations are implemented.

All countries advise women of childbearing age who are planning a pregnancy to supplement
their diet with 4089 of folic acid per day tdecreasé¢he risk of having a baby with an NTD.

In some countries (including ltaly, Germany, Switzerland, Italy, UK, the Netherlands and
Belgium) women who had a previous pregnancy affected by a NTD are advised to take a
supplement of 6mg/day. The recommended period of folic acid supplementation differ
across countries. In some countries it is recommetitcdupplementatiostars as soon as
contraception is stopped whilst in others it is recommetitgidallwomen who are planning

a pregnancyor who could become pregnant take folic acid supplemdénést countries
recommend continuing supplementation uthié end ofthe ' trimester or 19 week of
pregnancy.

Compliance with the recommendations is not evaluated in all countries.

The Directive 2002/46/E€of the European Parliament and Council om épproximation 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. The aim is to harmonise the legislatimhto ensure that these products are safe
and appropriately labelled so that consumers can make informed choices.

12 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of
the Member States relating to food supplement®J L 183, 12.7.2002, p.51i57. http://leur
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32002L0046:EN:NOT
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Table 4: Recommendations for (periconceptional) f@aad supplementation selectedEuropean countries

Country Recommendation Compliance Method used to
communicate
recommendation

Belgium After stopping birth control pills, or at least one morght( One study group: more th&%  Brochure (in French and

preferably three months) before conception it is of the women complied withthe Dut ch) di str
recommended to take a supplement of 400ug/day until tt recommendation. gynaecologists,

third month of pregnancy. Fordh risk groups (previous pharmacists, targeted
child with NTD, epileptics, diabetics), a supplement of 4 media to women of
mg/day is recommended. Supplenaion throughout childbearingage and
pregnancy and lactation is recommended. pregnant women.

Denmark  Women planning to become pregnant are recommended 20002002: 13% complied with  Leaflets distributed throug

take a supplement of 46@ folic acid daily until the twelfth recommendation; about 60% tool GP’s, gynaecologists,
week of gestation. a daily folic acid suppleménvith  midwifes, libraries,
a lower content or only during pa pharmacist and articles in
of the recommended period. W 0 me magazines
France 400 pg/day for women planning to become pregnant Information of womervia

immediatelyafter stopping contraception. Unplanned
pregnancies: supplement to be taken for at least 4 weeks

nutrition guide.
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Country Recommendation Compliance Method used to
communicate
recommendation

Germany  Women who wish or could become pregnant are advised Some egional data suggest that Information leaflets.
take a supplement of 4Q@ of folic acid per dayrbm at less than 10% of the women of
least 4 weeks before conception until the end of the first childbearingage follow the
trimester. If a woman already has a child with NTD, an ~ recommendations with respect to
additional intake oft mgfolic acid per day is recomended. time and dosage.

Ireland Women of childbearing age who are sexually active are Information leaflets since
advised to take 400ug of folic acid per day; a supplement early 1990s. In 2005, a
providing 40@g is recommended. Ideally folic acid AFol i tTodaygand
supplements should be taken at least two months before Everydayo ca
pregnancy, continuing until the 12th week of pregnancy underaiken which included

print and television
advertising, an informatior
leaflet and a dedicated
website:.www.folicacid.ie
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Country Recommendation Compliance Method used to
communicate
recommendation

Italy Women planning or not actively excluding a pregnancy a

advised to take a supplemeafit400ug/day of folic acid at
least one month before conception and during the first
trimester of pregnancy. High risk women should tafemg
of folic acid daily.

Women wishing to conceive are advised to take a
supplement of 40€x folic acid daily from at least 4 weeks
before conception until thé"8veek of pregnancy.

Netherlands

Women planning to become pregnant: #@@day folic acid
from 1 month before conception and during the first
trimester.

Norway

90% of pregnancies are planned National and local media
(1996); 77% of women know campaigns with followups
about folic acid (1996); 53% use since 1995.

PGA during part of recommendec

period (1998)60% uses folic acid

(2000)and 36% uses correctly

(2000).

2000-2003: folic acid supplement

use increased from 12% at 2

months before pregnancy to 47%

at gestational month; 10% of

women used supplement as

recommended.
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Country

Recommendation Compliance Method used to
communicate
recommendation

Sweden

Switzerland

UK

Women of fertile age are recommended to take folic acid
supplement before getting pregnant until th& aw2ek of
pregnacy.

All women of childbearing age without safe contraceptior In 2002/2003, 37% of women in

are recommended, in addition to a folate rich diet, to take hospitals used supplements durir

supplement of at least 40@ folic acid daily (preferably as ¢ the recommended period of time.

multivitamin) until 12 weeks after conception. Womemow Overall 80% of pregnancies were

had a previous pregnancy affected by NTD are advised t« planned; for the group younger

take a supplement of8mg daily. than 25 years, this was 53%. 46%
of women with planned
pregnancies took folic acid
correctly.

Women who could become pregnant or are planninga  England 2002: 55% of women  Advice is given across the
pregnancy are advised to take an additional 400 pg/day ¢ who planned their pregnancy UK through, for example,
folic acid as a supplement until the™\®eek of pegnancy. increased their folate intake by ~ Primary Care Trusts,
They are also advisdéd eat more foods naturally rich in taking supplements or mibging  family planning clinics and
folate, and foods fortified with folic acid, especially breaki their diet, while 79% of women  NHS Direct.
cereals. increased their folate intake durir

pregnancy.
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FOOD FORTIFICATION WI TH FOLIC ACID
Voluntary food forti fication

Voluntary fortification of foods with folic acid is currently practiced in many countries around
the world, including the EULt is consideredo help increase the folate intakes of population
groups.Food can be fortified in the EU under Reguatil925/2006/EE€ on the addition of
vitamins and minerals and of certain other substances to foods. This regulation allows for the
fortification of all foods, except unprocesskad sand alcoholic beverages, with folic acid.
However,prior to this reguldabn, many foods have been voluntarily fortified with folic acid.
According to the Regulation, the Commission has been given the competence to set maximum
amounts of vitamins and minerals in food, and is currently holding discussions with
stakeholders and &Mmber States. Maximum amounts will be set concurrently for vitamins and
minerals in fortified foods and in food supplements (European Commission, 2006),rt

the future there will be harmonised maximum levels for addition of folic acid to supplements
and fortified foods.

An overview of the voluntary folic acitbod fortification practicesin Europa&n countriess
provided in Table 5. All countriesxcept Swederoluntarily fortify a wide range of foods
with folic acid includingflour/bread, breakfast oeals, dairy products, fruit juices and fat
spreadsThe levels vary widely, with the highest levels added to spreads (up tegi@00g)
Some countries (such as Belgium, Denmailie, Netherlands and UK) have restrictions in
place on the level of folic & which can be added to food. In Norway and Denmark approval
is required before a folic aciortified food can be marketed

Mandatory food fortification

Mandatory fortification of food with folic acid has been implemented in severaEnoopean
countiies, including USA, Canada, and Chile, and is due to be enforced in Australia from
September2002 From 2004 to 2007, the number of countries who introduced national
regulations for mandatory wheat flour fortification increased from 33 tdCRAC, 2008)
Some of thesecountries fortify folic acid in combination with iron amdherB vitamins.To

date, noEuropearcountry has implemented mandatory fortification of foods with folic acid.

In Switzerland it was decided not to implement mandatory fortificatimfovfing the
recommendation by the Swiss Federal Commission of Nutrition. Ireland and the UK are
currently considering mandatory fortification following recommendations by their national
expert committees (see below for further details).

Ireland

In 2006, Irelands National Committee on Folic Acid Fortification recommended that most
white, brown and wholemeal breads sold in the country be fortifidd 12Cg of folic acid

per 100g of bread as consumed (Food Safety Authority of Ireland & Department tif &fedl
Children 2006). Ireland has one of the highest rates of NTDs in Europe. Although

BogL 404/26, 30/12/2006: Regulation (EC) No 1925/2006 of the European Parliament and of the Council of 20 December
2006 on the addition of vitamins and minerals andeofain other substances to foods.
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supplements containing 49§ per day are promoted, the committee ordgommended
12Ceg to allow a good safety margin for those who consume large amounts of bread.
Excluding some minor bread products and retail flour from the requirements has also been
suggested to improve consumer choice so that those wishing to avoid fortified products are
able to do so. The level of 12@ folic acid per 100 g bread was estimated wuce the
prevalence of NTEaffected pregnanciedy about 24%. However, in 2008, Ireland's
Implementation Group on Folic Acid Fortification recommended that the proposal for
mandatory fortification of bread be put on hold for three reasons: (1) there éasabe
reduction in NTD prevalence in Ireland in recent years, likely due to the voluntary fortification
of foods with folic acid; (2) as a result of voluntary fortification there has been an increase of
about 30% in folic acid in the diet in the pasB ¥ears; and (3) new scientific studies have
suggested a relationship between high folic acid intakes and cancer risk.

United Kingdom

In the UK, the Scientific Advisory Committee on Nutrition (SACN) reviewed the evidence
regarding the health benefits of d@igt folate and recommended mandatory fortification of
flour with folic acid (SACN, 2005).In June 2007, the Food Standards Agency (FSA)
recommended mandatory fortification with folic acid of bread or flour to UK Health
Ministers. In October 2007, the Chidfedical Officer wrote to the Chair of the FSA to
request a further expert view of the evidence on folic acid and colorectal cancer risk. On 21
January 2008, a group of experts, including Members of the Scientific Advisory Committee
on Nutrition (SACN), ad the Committee on Carcinogenicity, met to consider this evidence on
colorectal cancer risk. The SACN committee on 7 February 2008 agreed to defer a final
decision on folic acid and cancer risk until the results from a number of ongoing
cardiovascular disese trials are available in early 2009.

Switzerland

In 1997 a request was submitted to the Swiss Parliament to consider mandatory fortification
of food with folic acid for the prevention of NEDIn 2002 the Swiss Federal Commission of
Nutrition publisheda report and recommended the following measures to increase the folic
acid intake of the Swisspopulation and for the prevention of NTD: fortification of baking
flour with 3mg folic acid and 1#j vitamin By, per kg flour on a mandatory basis. This would
have resulted in an estimated additional daityke supply of 278g folic acid and &g
vitamin B, per person (Baerlocher et,&002). Following a request from the Swiss Federal
Office of Pulblic Health, it was concluded in 2006 that there is no legal basis for mandatory
fortification in Swiss law.

Modelling exercises

Several countries including France, Germany, the Netherlands, Norway, Switzerland and the
UK have carried out model calculat® or studies to estimate the effect of fortifying flour
with different doses of folic acid on folate intake aadudion of NTDs.
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France

In France,fortification of 35Ceg folic acid per 100g bread would result in a reduction of 170
210 NTD cases annually (total numbeMbdFDs per year: 80A000). In addition, fortification
with 1Ceg vitamin B12 per 100g bread was proposedcforsideationby AFSSA.

Germany

In Germany t was concluded that a nationwide fldortification with 15Qug folic acid per
100g would make a significant contribution to folic acid status without a high proportion of
the population consuming folic acid intakes above the UL. It was proposed thata such
measure should only be introduced if thanber ofvoluntarily fortified foods and the level of
added folic acid were reduced (to a maximum ofet0fer portion). It was also proposed that
beverages/soft drinks or foods whose consumption is not limited through satiation, should no
longer be fortified with folic acid; and salt fortified with folic acid should not be sold in
parallel with fortified fbur. It was concluded that a level of 150ug/ 100g would not be
effective inincreasing folic acid intake to such an extent that women of childbearing age
would reach the additional intake of 400ug per day recommendeNTDr prevention. In
order to achievéhis dose, the regular taking of food supplements wbealthe most effective
method.

The Netherlands

In the Netherlands, the Health Council advisedmprove the use of folic acid supplements
around the time of conception through education and preptina care. In addition, the
Government was advised to consider fortifying staple fo@lsh as bread and bread
substitutes with folic acid. Fortifying bread and bread substitutes witbglfslic acid per
100g flour after preparation would provide amdi@idnal 10@&g of folic acid daily. This level
of fortification was found to be acceptable, praddoluntary fortificationof specific food
products is discontinued to avoid child@ensuminghigh intakes ofolic acid.

Norway

In Norway a scenario stydcarried out to estimate the folate intake of different population
groups showedhat mandatory fortification would not provide the majority of women in the
target group witM0Ceg/day without other population groups exceeding the safe upper level
for folic acid. If bread was fortified with 1@8@ folic acid per 100g the least number of
persons would exceed th# (19% of children aged years and 15% aged 9 years) whereas
more than 50% of the fertile and pregnant women would not reach the recommended intak

Switzerland

In Switzerland, data from a surveillance programme showed that individuals who consumed
fortified food products (estimated maximum intaké®19ug/day for women and 1454ug/day
for men) had intakes above the recommended |éBeksrBorst ¢ al., 2005).
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Italy

In Italy a preliminary evaluation carried out by the Italian Folic Acid Network, coordinated by
the Italian National Health Institute (ISS), indicated that a substantial fraction of the adult and
adolescent population may exceed thierable upper level of folic acid. The evaluation was
based on flour fortification levels used in the United States and took into account the high
consumption levels of flour based foods in Italy, as well as recent evidence on potential
tumour promoting #ects of high folic acid intake. The Network recommended that
periconceptional supplementation and the promotion of healthy dietary habits are the most
effective and safe strategies to prevent NTDs.

United Kingdom

The UK has modelled the effect of flowrfification on the UK population (SACN, 2006).
The modelling showed that removing folic acid consumed through voluntary fortification
(largely from breakfast cereals and fat spreads) and introducing mandatory fortification of
white and brown flour with fiic acid at a level of 30@3/100g (equivalent to 22%/100g of

food after processing), would reduce the number of NTD pregnancies each yeat&¥,11
reduce the proportion of the population with intakes belowdference nutrient intake (RNI)

(the RNI epresents the amount of a nutrient likely to meet the needs of 97.5% of the
population) (Department of Health, 19%tdm 23% to 5%, while the number with intakes
above the tolerable upper intake level (UL) (SCF, 2000) remain at the current level (0.2%).

Subsequentlythe Food Standards Agency (FSA) remodelled updated UK folic acid
consumption data, exploring a range of different scenarios for voluntary fortification and
supplement consumption.

Appendix 150-115



¥
efsa_ ESCO Report on Analysis 6 Risks and Benefits of
Europen Food Safety Authorty Fortification of Food with Folic Acid

REFERENCES

Data sources by countries:

Belgium:

Rasmussen, S.EAndersen, N.L., Dragsted, L.O., Larsen, J.C., 2006. A safe strategy for

addition of vitamins and minerals to foodsir J Nutr.45:123135.

France:

AFSSA (Agence francaise de sécurité sanitaire des aliments), 2003. Enrichissement de la

farine en vitamie s B en France pr op epdotet iParis.

<http://www.afssa.fe
Germany:

Weissenborn A, Burger M, Mensink GBM, Klemm C, SicHddlert W, Kersting M,
Przyrembel H, 2003-olic acid intake of the Germamopulation BfR-WissenschafBerlin.

Hungary:

Czeizel, A.E. and Kokény, M., 200Bread is fortified with folic acid in HunganBMJ.
325:3 91.

Ireland:

dour

FSAI (Food Safety Authority of Ireland), 2006. Report of the National Committee on Folic

Acid FoodFortification. <http://www.fsai.ie/publications/reports/folic_acid.pdf

FSAI (Food Safety Authority of Ireland), 2008. Report of the Implementation Group on Folic

Acid Food Fortificaion to the Department of Health and Children.

<www.fsai.ie/publications/reports/folic_acid_implementation>pdf

Italy:

Pierini, A., Bianchi, F., Salerno P. and Taruscio ZD06. National register of rare diseases:

congenital malformation and folic aci@gpporti ISTISAN 06/34114 p.

Salerno, P., Bianchi, F., Pierini, A., Baldi, F., Carbone, P., Mantovani, A. and Taruscio, D.
2008. Folic acid and congenital malformation: scientific evidence and public health

strategiesAnn 19.20(6):51930.
The Netherlads:

Gezondheidsraad, 2008. Naar een optimaal gebruik van foliumzuur (Towards an optimal use

of folic acid).Publicatienr. 2008/02Den Haag.

Norway:

Grimstad, A.L., 2007. Folic acid fortification of foods. Estimated intake of folate from
different fortification scenarios in Norwegian population groups. University of Oslo,

Department of Nutrition, Faculty of Medicine. MSc thesis.

Appendix 151-115


http://www.afssa.fr/
http://www.fsai.ie/publications/reports/folic_acid.pdf

¥
efsa_ ESCO Report on Analysis 6 Risks and Benefits of
Europen Food Safety Authorty Fortification of Food with Folic Acid

Switzerland:

Verordnung des Eidgendssische Departement des Innern (EDI) Gber den Zusatz essenzieller
oder physiologisch nutzher Stoffe zu Lebensmitteln vom 23. November 2005; Artikel 18
Absatz 2 der Lebensmitteund Gebrauchsgegenstandeverordnung vom 23. November
2005 (LGV), SR 817.022.3%http://www.admin.ch/ch/d/as/2005/6345.pdf

BeerBorst, S., Costanza, M.C. and MorabA., 2005.In: Eichholzer M et al(eds). Fifth
Swiss Nutrition ReporiSwiss Federal Office of Public HealtBern. pp.751766.

Foundation Folic acid offensive, Switzerlandvww.folsaeure.ch

Baerlocher, K., Eichholzer, M., Liuthy, J., Moser, U. anahZ,60., 2002. Massnahmen zur
Prophylaxe von NeuralrotiDefekten und zur Verbesserung der Folsadlgesorgung in
der SchweizReport of the Working Group on AFolic
Commission of NutritionSwiss Federal Office of PublHealth Bern.

Rechtsgutachten Uber die Verfassungsmassigkeit einer "obligaten" Anreicherung von
Getreidemehl mit Folsaure (Nov 2006).

United Kingdom:

Department of HealthDietary Reference Values for Food, Energy and Nutrients in the
United Kingdom. (Bport on Health and Social Subjects, No. 4bndon: HSMO, 1991.

SACN (Scientific Advisory Committee on Nutrition), Folate and Disease Prevention. London:
TSO, 2006

European Commission, Health and Consumer Protection Directorate General, 2006.
DiscussionPaper on the setting of maximum and minimum amounts for vitamins and
minerals in foodstuffs.
<http://ec.europa.eu/food/food/labellingnutrition/supplements/discus_paper_amount_vitam
ins.pd&

SCF (European Scientific Committee on Food). Opinion of the $fale@bmmittee on Food

on the Tolerable Upper Intake Level of Folate 2000nline at
<http://ec.europa.eu/comm/food/fs/sc/scf/out80e_en.pdf

Other:

CDC (Centers for Disease Contrdlyends in WheaFlour Fortification with Folic Acid and
Iron - Worldwide, 2004 and 2007. MMWR Morbidity and Mortality Weekly Report,
January 11, 2008 / 57(01)1®.
<www.cdc.gov/immwr/peview/mmwrhtml/mm5701a4.htm

Appendix 152-115


http://ec.europa.eu/comm/food/fs/sc/scf/out80e_en.pdf
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5701a4.htm

¥
efsa_ ESCO Report on Analysis of Risks and Benefits o
European Foo Safety Authority Fortification of Food with Folic Acid

Table 5: Voluntary folic acid food fortification irselectedEuropean countries

Country Voluntary Restriction Major foods Levels of folic
fortification acid
Belgium Yes A daily portion of foods
| abel |l ed Oodlior -
aci dod musi00% of
20Ceg
Denmark Yes Max. 2Zg folic acid per 100 Only 2 products (with very low market share )i 2.89/100 g
(Approval kcal fortified: crackers and orange juice 9eg/100 ml
required)
France Yes None
Germany Yes Dairy products; beverages; breakfast abye 7 1g/100 nh (soft
Sweets, fruit teas, convenience foods, fat spreads, drinks)i 1.300
lodised and fluoridated salt €0/100 g (sweets);
10Ceg/g salt
Hungary Yes Bread 33(g/100 g
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Country Voluntary Restriction Major foods Levels of folic
fortification acid
Ireland Yes FSAI survey identified 104 breakfast cereals, 38 0.07 (fruit juice)i
breals. 27 cereal bars, 15 fat spreads, 11 fruit juices 1000 (fat spreads)
four milks, four dried soups and two yoghurts on the £g/100 g
Irish market containing folic acid
Italy Yes Breakfast cereals, fruit juices, rusk, biscuits
The Yes (since Fortification with 10@g folic  Breakfast cereals; no products until 2003/2004
Netherlands 2006) acid per 10&cal allowed
Norway Yes Energy bar 78eg
(Approval
required) Milk variant 1329/100 ml milk
Sweden No
Switzerland  Yes The content of folic acid must Large range of food products are fortified with folic

be declared on the package

acid
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Country Voluntary Restriction Major foods Levels of folic
fortification acid
United Yes Subject to the provisions of the Breakfast cereals (about 3/4 on market are fortified) 150-40Ceg/100
Kingdom Food Safety Act 1990 Cereal bargbrand specific) g10017Cg/100 g
Fat spreads (about 1/3 on the market are fortified) 500eg/100 g

Soya milk (brand specific)
Some malt drinks (brand specific)

Some savoury spreads (brand specific)

14-34eg/100 ml

12525Cg/100 g
dry weight

up to 50@9/100 g
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FOLATE INTAKE

Dietary folate intake can be estimated from food consumption Tathées 6 and 7 provide an
overview of the available data on mean or mediaitydntakes of folatefor children and
adults respectively.

Children:

Data for childrenwere provided byGermany,Denmark, theNetherlands, Norway and UK.
For children the mean/median intake ranged fid/®to 314ug/day

Adults:

The mean/median dietafolate intakes range from 151 to 34fday for men and from 122 to
33%g/day for women. Average dietary and supplement intakes for women range from 220 to
47&g/day and 338 to 38%/day for men. Intakes below the European population reference
intake of 20@g/day were reported in Hungary, tNetherlands, Switzerland and Norway.

In general, for most countries, the average daily intake of folate was higher in adult men than
adult women. It is important to note that different dietsuyveymethods were used in the
different countries to asseqwtrient intakes e.g. food records, 24hr recall, FFQ etc.
Furthermore some countries assessed folate intake (including supplement use) whilst others
assessed only dietary folaitgtake There is also variation between the different analytical
methods usd for compilation of the nutrient databases.

Additional informa tion on folate intake by country:

Ireland

Since 1999 many foods have been fortified in Ireland. The FSAI used a probabilistic approach
to remodel the 1999 adult consumption data to provpeéated estimates of folic acid intake
based on folic acid food fortification patterns observed on the Irish market in 2007. It was
estimated that the average folic acid intake for the target group of women aged 18 to 50 was
now 90 pg per person per ddyne updated estimate of folic acid intake is thought, by national
experts, to stillrepresent an underestimation of actual intake. It can be demonstrated that
spreads and bread fortified with folic acid, whilst impacting on intake in the target group of
women, have made an even greater contribution to folic acid intake in the older population
groups. In contrast, the contribution of breakfast ceisamaller in 2007 than it was in 1999
largely due to lower average fortification concentrations.
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Germany

In Germany,recommendedntakes (400ug/d) were only achieved by 500% of the adult
population (Mensink et al., 2002). Also recent data from the German National Food
Consumption Survey, in which fortified breakfast cereals and beverages were taken into
consderation for the first time, show that adults only achieve median intakes belqwg 300
folate equivalents per day (MRI, 2008). However, consumption dffiéol foods and
resulting intake of folate equivalents has probatilly been underestimateas thee are also

other food categories besides breakfast cereals and beverages fortified with folic acid.

The Netherlands

The Health Council in the Netherlands concluded in 2008 that the suboptimal folate intake
was no reason for a chanigepolicy. The Counit saw no reason to improve folate intake in

the general population through food fortification or through supplementation remains
unclear whether the suboptimal folate status amongst Dutch adults actually causes health
problems.

United Kingdom

Moddling work carried out by the Food Standards Agency (FSA) in the UK revealed that
while a large proportion (22%) of the population currently have folate intakes below the
reference nutrient intake (RNI) (Department of Health, 1991), there are also a mfmber
people (106,000; 0.2%) exceeding the tolerable upper intake level (UL) for folic acid (SCF,
2000) through consumption of voluntarily fortified foods and suppleni{&sres are based

on modelling carried out in September 2008he Scientific AdvisoryCommittee on
Nutrition (SACN) advised that mandatory fortification of flour with folic acid be implemented
alongside controls on voluntary fortification (SACN, 2006).

In the UK mandatory fortification is currently on hold. In the meantime discussiores hav
taken place with industry to control the levels of voluntary fortification.
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Table 6: Mean or median folate intake of children in selected European cousiiday)

Country Study population Mean intake, Dietary and Details
(range or SD) supplement
or Median intake
(P5; P95) /da
T [ng/day]
Denmark*  Children, 410y ( n=783) 251 (146, 418) 292 (181, 464) 20002004, #day food record (consecutive days):

precaled, semtclosed questionnaire, nationwide
Germany  6-11 years:

Male Medlar_r 203 Med|ar.1: 203 The dietary behaviour ofi@7-yearolds was assesse
(109,0; 495,5) (109,0; 495,5) from January to December 208§ part of the

Female Median: 190,1 Median: B0,1 German Health Interview and Examination Survey
(100,8; 365,8) (100,8; 365,8) Children and Adolescents (BGS)

12-17 years:

Male Median: 317 Median: 320,2
(142,9; 791,0) (148,4; 929,2)

Female Median: 274,8 Median: 285,9

(124,3; 693,3) (128,5; 730,7)
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Country Study population Mean intake, Dietary and Details
(range or SD) supplement
or Median intake
(P5; P95)
T [ng/day]
Netherlands Baby, 9 months 123 (26) Excludes folic acid from supplements, 1997/1998
Dutch National Food Consumption Survey: 1+y,
2002: babies and toddlers. Additional folic acid inte
from formula milk is 589 folate equivalents for 9
month old fabies, 36g for 12 month old babies and
4eg for 18 month old toddlers, Health Council 200¢
Baby, 12 months 126 (23)
Toddler, 18 months 114 (26)
Child, 1-3y 113 (33)
Child, 48y 129 (35)
Child, 913y 158 (39)
Child, 1418y 182 (46
Children, 23 y (n=640) 126 2006 Dutch National Food Consumption Survey
Children, 46 y (n=639) 134
Norway Children, 9y (n=810) 196 20002001, Ungkost, n=1005 (@verby and Andersc
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Country Study population Mean intake, Dietary and Details
(range or SD) supplement
or Median intake
(P5; P95) R
T [ng/day]
Children, 13 y (n=1005) 205 2002)
United Boys, L2-4Y2 y 132 133 NDNS 1% to 4v% years. Fieldwork carried out 1992
Kingdom (Gregory J et al., 1995)
Girls, 1%%- 4%y 129 130
Boys, 46y 191 192 NDNS 418 years (split by age groups). Fieldwork
carried out 1997 (Gregory J.,2000)
Girls, 46y 169 171
Boys, 1114y 245 247
Girls, 1114 y 205 210
Boys, 1518 y 305 309
Girls, 1518 y 210 215
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Table 7: Mean or median intake of adults in selected European countgétag)

Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Belgium Non-pregnant women, 180 y 217 (59493) 2004, 7day food record, German food composition
(n=150) database used
Denmark* Men, 1275y (n=2383) 307 (163, 529) 385 (181, 20002004, #day food record (consecutivays):
702) precoded, serrtlosed questionnaire, nationwide
Women, 1175y (n=2684) 279 (148, 507) 390 (167,
707)
Women, 1849 y (n=825) 295 (163, 495) 478 (256,
735)
Women, 1849 y (n=671) 267 (139, 506)
France All (n=1474) 270.8 (99.9) INCA1 data OCA 2002)
Men (n=672) 296.6 (102.6)
Men, 1524 y (n=114) 277.3(108.1)
Men, 2544 y (n=263) 282.1 (86.4)
Men, 4564 y (n=183) 323.2 (104.6)
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Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Men,> 65y (n=112) 306.9 (117.3)
Women (n=802) 249.3 (92.1)
Women, 1524 y (n=140) 218.7(77.6)
Women, 2544 y (n=323) 245.5 (90.1)
Women, 4564 y (n=206) 268.8 (96.4)
Women, 65y (n=133) 260.3 (94.8)
Women consuming folic acid 267.7 (100.4)
supplement (< 4 mg) (n=42)
Men, 4560 y (n=306) 360 (88) SUVIMAX study data
Women, 3560 y (n=310) 268 (91)
Germany  Men 271 (221, 330) German Nutrition Survey, 1998

Women

Men regularly taking supplements

Women regularly taking
supplements

226 (188, 273)

338 (267,
492)

290 (220,
431)

Folate equivalents (folate and folic acid), Mensink ¢

al., 2001
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Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Hungary Men, total (n=473) 151.8 (52.9) Third Hungarian National Nutritional Survey 2003
Men, 1834 y (n=136) 162.2 (62.1) (Zajkas et al., 2007)
Men, 3559 y (n=199) 153.3 (46.7)
O 60 vy ( n=1139.2(49.1)
Women, total (n=706) 131.0 (46.9)
Women, 1834 y (n=176) 132.3 (47.5)
Women, 3559 y (n=295) 135.4 (49.2)

Wo me n ,

O 60 vy (7r124.6(42.9)
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Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Ireland Women, 1850 y 292 Mean total folate (naturabfate + folic acid). Folic

acid in fortified foods and food supplementsdady

Men, 5064 y 371 weighed diary recording, 1999. Modelling intakes
with fortified foods: women 180 y: 9&g/day. Data
updated to account for increased voluntary folic aci
food fortification offood brands in 2007 (supplemer
usage not updated so it is likely this is an
underestimation) Source: FSAI 2008. Report of the
Implementation Group on Folic Acid Food
Fortification to the Department of Health and Childi

Women, B-64y 271

Men, 1835 y (n=253) 339 (135) The North/South Ireland Food Consumption Surve

Women, 1835 y (n=269) 247 (120) 7days food dairy (O0Bri

Men, 3650 y (n=236) 339 (128)

Women, 3650 y (n=286) 267 (141)

Men, 5164 y (n=173) 314 (115)

Women, 5164 y (n=162) 268 (182)

Appendix 167-115



- efsam

European Food Safety Authority

ESCO Report on Analysis of Risks and Benefits o
Fortification of Food with Folic Acid

Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
ltaly Adults 213 19941996, survey by National Research Institute f
Food and Nutrition
Men, 2060 y (n=211) 345 (140) Food frequency questionnaire (Sofi et al., 2005)
Women, 2660 y (1=309) 339 (121)
Netherlands Men, 1950y 216 (61) Excludes folic acid from supplements, 1997/1998
Dutch National Food Consumption Survey
Women, 1950 y 173 (50)
Men, 5165y 221 (59)
Women, 1965y 182 (49)
Men, > 65y 202 (61)
Women, > 65y 178 (53)
Norway Average Nordic countries 240-34Ceg/10MJ Nordic Council of Ministers, 2004
Adult men 309 Norkost Il (Johansson and Solvoll, 1997), nationwit
Adult women 250 representative sample (n=2672, 1997).
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Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Middle-aged men, 449 y (n=1216) 240 n=5533, Westen Norway, food frequency
Middle-aged women, 429 y 209 guestionnaire (Brevik et al., 2005)
(n=1622)
Old men, 7174 y 213
Old women, 7474y 187
Pregnant women (n=19711) 272 Women in the Norwegian Mothand Child Cohort
Study, 20062001 (Grimstad, 2007)
Sweden Men and women, 360 y 242 (201, 299) Northern Sweden Health and Disease Cohort, 55%
men, food frequency questionnaire (Van Guelpen ¢
al., 2005)
Switzerland Total population 284 2001/2002, aproximate intake based on the amoun
of food available on the market (Camenzkmy et
al., 2005)
Single women, 285y 122 1992, city of Zurich (T6nz, 2005)
United Men, 1964 y 344 359 NDNS 1964 years. Fieldwork carried out 2000/1
Kingdom (Hendersori et al., 2003).
Women, 1964 y 251 292
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Country Study population Meanintake , Dietary and Details
pg/day (range or supplement
SD) intake
Men, 6% 270 279 NDNS 65 years and over. Fieldwork carried

1994/5. Free living subjects only (i.e. not those
institutions) Einch S et al., 1998)

Women, O 65 vy 207 220

* Data for Denmark and Germany are given as median intakes (P5, P95)
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BIOMARKERS OF FOLATE STATUS

There are a number of biomarkers that are usedtéomdime and monitor folate status. These
include red blood cell folate and serum or plasma folate. Related biomarkers that are
published in the literature also include plasma or serum concentrationS,16f
methylenetetrahydrofate reductase 67ACT genotype (MTHFR 6774), homocysteine,
vitamin B12 and methylmalonic acid (MMARlasma homocysteine is a sensitive marker of
low vitamin B12 and folate statuslt is also recognised as a risk factor for cardiovascular
diseaseStudes on folate status are detailed in Table 8.

The concentration of folate in red blood cells gives an indication of tissue stores of folate and
can thus be used to determine thmtake status over a longer period-32months
retrospectively. Red cell féate values above 18@/I (340nmol/l) are an indication of
sufficiency. Serum folate levels below 7nmal8ug/l) are considered to be indicative of
inadequate folate status (IOM, 1998). Plasma homocysteine concentrations betowl/IL6

are often used to define normal leve(3NI, 1998)

Red cell folate concentrations were available for Germany, Denifckce, the Netherlands,
Switzerland and UK. Mean serum or plasma folate concentrations range from 7.2 to
25.8nmol/| (16.5 to 19.3nmol/l for women and 8.1 to 20.8nmol/l fonjn&he available data
show that mean serum or plasm@ncentratioa were not below 7nmol/lfor the population
groups studied.

Mean values for vitamin B12 concentrations in blood were in the normal range3@050
pmol/l) and varied between 226 and 422 pindbata were only available for Germany,
Ireland,Italy, the Netherlands and Sweden.

Plasma homocysteine concentrations ranged franogL4.@ mol/I.

Folate status is dependent on the type of assay used and the ddfte@fitand ranges for
defining normal or deficient levels. Therefore, direct comparisons of population mean levels
between different European countreee difficult Furthermorenot all biomarkes have been
surveyed irall countries.
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Table 8 Folate status iselectedeuropean countries (mean values and SD or range unless otherwise indicated)

Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Denmark Women, 2530 Median (P25, Median (P25, 19971998 Rasmussen et al., 200(
y (n=290) P75): P75):
648 (471, 840) 7.6 (6.5, 8.9)
Women, 6865 936(703, 9.4 (7.7,11.1)
y (n=288) 1151)
France Men and 358467 11.314.3 Val de Marne  Hercberg et al., 1994
women, 697 y transversal
(n=1039) study 1988

4 Folate concentrations given in ng/ml was converted into nmol/l by multiplying with 2.266.
15 Vitamin B12 concentrations given in pg/ml were converted into pmol/I by multiplying with 0.738.
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Women, 3540 8.1 (7.7, 8.4) French Mennen et al., 2002
y (n=232) Supplement
with
Women, 445 8.6 (8.3, 8.9) Antioxidant
y (n=302) Vitamins and
MineralsStudy.
Men, 4550 y 10.4 (10.0, 10.7)
(n=343)
Women, 4550 8.7 (8.4,9.1)
y (n=290)
Men, 5055y 11.1 (10.7, 11.5)
(n=290)
Women, 56565 9.3(9.0,9.7)
y (n=213)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Men, 5560 y 11.1 (10.7, 11.5)
(n=281)
Women, 5560 9.2 (8.7, 9.6)
y (n=146)
Germany Women of Median (P5, Median Subgroup of the Thamm, 2001
childbearing  P95): (P5, P95): sample of the
age (n=1266) 602.8 (367.1, 17.2 (9.5, German
1,128.5) 29.2) Nutrition
Survey 1998
Women, 2650 16.5+7.7 9.2+3.3 346.6+ 105.9 Rauh et al., 2001
y (n=172)
Ireland Children, X2 y Median Median 6.69 Median 498 December 2005
(n=46) 38.82 (4.015.7) (117-1342) November 2007
(4.3%
89.51)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Children, 37 y 32.83 6.64 (4.314.8) 461 (150 Children ©
(n=69) (7.25% 1064) 15y) Plasma
99.02) folate: 0.9 %
deficient; 1.4%
Children, 815 21.03 7.86 (3.920.3) 336 (104 possible
y (n=105) (3.17 1128) deficiency;
73.87) 34.1% low
adequate; 39.1%
Women, 1625 21.12 8.64 (6.014.2) 233 (91399)  adequatenigh; ~ FSAl, 2008
y (n=39) (5.89 24.5% high
187.62)
Women (1665y
Women, 2640 17.47 9.6 (4.637.3) 227 (66676) ) Plasma folate
y (n=220) (3.17 1.4 % deficient;
79.31) 5.6% possible
deficiency;
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Women, 4165 19.37 9.71 (5.046.0) 241 (80596) 51.6% low
y (n=237) (2.49 adequate; 32.7%
86.56) adequaténigh; Women (6-65 years)
8.7% high Plasma folate: 1.4 ¢
Women, >65y 35.15 11.56 (5.838.2) 252 (72878) deficient; 5.6%
(n=236) (3.85 possibledeficiency;
653.97) 51.6% lowadequate;
32.7% adequathigh;
Men, 1625 y 13.6 (7.48 10.63(8.414.3) 244 (207388) 8.7% high
(n=7) 21.07)
Men, 2640 y 12.96 11.78 (6.818.7) 226 (127493) Men (16-65
(n=93) (2.72 years) Plasma
71.83) folate: 1.7 %

deficient;
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Men, 4165 y 15.11 12.5 (7.6021.0) 231 (93714) 11.6% possible
(n=192) (4.3% deficiency;
75.91) 63.4% low
adequate; 20.99
adequaténigh;
2.4% high
Men, >65 vy 28.33 12.92 (6.548.5) 226 (39631)
(n=187) (4.08
161.11)
Italy Men, 2660 y 10.7 (3.6) 434 (174) Blood donors  Cafolla et al., 2000
(n=99
Women, 20-60 11.3 (3.0) 422 (162)
y (n=102)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Men, 11.8(5.7) 11.2(4.3,70.6) 281 (131) Sofia et al., 2005
2060y
(n=211)
Women, 20-60 12.7(5.9) 9.5 (5.2,27) 294 (141)
y (n=309)
13 (12.3, 14.7 (14, 15.5) 304 (290, 319) Girelli et al., 2003
13.9)
Men (n=142)
and women
(n=80),57.5y
Netherlands Men and 7.4 (2.4, 13.6 (7.8, 39.5) 284 (102, 638) MORGEN De Bree et al., 2001;
women, 2065 22.4) study 1993 De Bree et al.2003,
y (n=2051) 1996 Jansen et al., 2007
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Men, 2065y 14.6 (6.1)
(n=1493) 31% had plasm:
total Heys > 15
emol/l
Women, 2665 13.1 (4.6)
y (n=1532)
20% had plasme
total Heys > 15
emol/l
Men, 2665 y 8.4 (4.2) MORGEN MelseBoonstra et al.,
(n=1275) study 2002
Women, 2665 8.1 (4.0)
y (n=1160)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References

population (nmol/h* serum homocysteine  methyl-  vitamin B12

folate (emolll) malonic  (pmol/l)*®

(nmolll) acid

(emol/l)

Men and 6% had RBC Eussen et al., 2006
women, 70+y folate <305
(n=195) nmol/l
Frail elderly 21% had RBC De Jong et al., 2001
men and folate <337
women, 70+y nmol/Il
(n=130)
Men (n=74) 12.5 (5.7) 248 (97) Verhoef et al., 1997
and women
(n=26), 2065
y
Men (n=577) 12 (10, 15) 13.8 (12.8, 15.4) 289 (242, 264) Durga et al., 2005
and women

(n=224), 5070
y
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Norway Men, 4749y 7.3(3.9) 10.8 (3.5) Hordaland Brevik et al., 2005
(n=1216) Homocysteine
Study
Women, 4749 8.5(6.1) 9.1(3.4)
y (n=1622)
Men (n=73) 10.9 (3.0) Christensen et al., 199
and wanen
(n=30, 4575y
Sweden Men, 40, 50, 8.8 (5.3) 13.2 (7.3) 300 (104) Northern Hultdin et al., 2005
60y (n=514) Sweden Health
and disease
Cohort
Men and 17.9 (10.9) 313 (136) Wahlinet al., 2002
women, 3580
y (n=961)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References

population (nmol/h* serum homocysteine  methyl-  vitamin B12

folate (emolll) malonic  (pmol/l)*®

(nmolll) acid

(emol/l)
Men and 332 (112)
women, 35, 40
y (n=197)
Men and 325 (110)
women, 40, 45
y (n=194)
Men and 310 (104)
women, 45, 60
y (n=194)
Men and 7.2 (5.0, 316 (256, 388) Northern Van Guelpen et al.,
women, 30, 9.9) Sweden halth 2005
40,50,60y and Disease
(n=671) Cohort, 55%
men
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12

folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)

Switzerland Pregnant 0. 2 %:e9/ICO. 5 %: Pregnant JansRuggli and
women at time egll women in three Baerlocher, 2005
of giving birth  45.5%: 140 hospitals 97.5%

(n=598) 628¢g/l 90.5%: 3.5 of the women
16¢eq/l (n=471) took a
54. 3 %: ) supplement of
egll 9%: O! folic acid during
egll their pregnancy,
most often in
form of a
multivitamin
Representative 7.5(1.8 Hess et al., 2001
sample of 63.5)
pregnant
women 4% below
(n=300) 2.5
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
United Boys 1%2- 4% 934 (344) 20.9 (9.7) NDNS 1% to Gregory et al., 1995
Kingdom y 4% years.
Fieldwork
carried out
1992/3
Girls, 1%2- 45 894 (326) 21.3 (9.8) Gregory et al., 1995
y
Boys, 46 y 736 (200.7) 25.0 (7.25) 5.16 (2.79.5) NDNS 418 Gregory et al., 2000

Girls, 46y 677 (209.3)

Girls), 7110y 604 (222.7)

25.8 (6.86) 4.79 (2.28.1)

22.0 (8.50) 5.69 (2.710.6

years (split by
age groups).
Fieldwork
carried out 1997

Gregory et al., 2000

Gregory et al., 2000
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/h* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Males 11- 14 598 (208.6) 20.8 (7.11) 6.18 (2.911.5) Gregory et al., 2000
y
Females 1114 544 (174.4) 19.3(6.93) 6.40 (3.511.8) Gregory et al., 2000
y
Males 1518y 540 (181.0) 17.6 (6.98) 8.54 (4.120.1) Gregory et al., 2000
1518y 500 (171.3) 16.9 (7.51) 7.80 (3.914.3) Gregory et al., 2000
Males 1964y 694 (288.2) 20.8 (8.55) 11.7 (4.55) NDNS 1964 Rustonet al., 2004
years. Fieldwork
carried out
2000/1
Females 1%4 685 (293.0) 22.1 (9.46) 10.1 (4.76) NDNS 1964 Ruston et al., 2004
y years. Fieldwrk
carried out
2000/1
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Males O 1495 (275) 15.3(9.5) 15.67 (7.43) NDNS 65 years Finch et al., 1998;
and over. Bates et al., 1997, 200:
Fieldwork
carried out

1994/5. Free
living subjects
only (i.e. not
those in
institutions)
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Country Study RBC* folate Plasmaor Plasma Plasma  Plasma Remarks References
population (nmol/)* serum homocysteine  methyl-  vitamin B12
folate (emolll) malonic  (pmol/l)*®
(nmolll) acid
(emol/l)
Females O 501 (287) 16.5 (10.4) 14.68 (629) NDNS 65 years Finch et al., 1998;
y and over. Bates et al 1997,2002
Fieldwork
carried out

1994/5. Free
living subjects
only (i.e. not
those in
institutions)

* RBC folate red blood cell folate
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CONCLUSIONS

This report from the ESCO Working Groum @&nalysis of Risks and Benefits of
Fortification of Food with Folic Acid presents data on the following: naticoabenital
anomalies registrieestimates on the prevalence of NTDs; recommended dietary folate
intakes;practicesof voluntary andstrateges onmandatory fortification with folic acid;
folate intakeand biomarkers of folate status.

EUROCAT collects data on NTaffected pregnancies across Europe and covers about a
quarter of all births in Europe.

The prevalence of NTiffected pregnancieamges from 4.1 to 19.70 per 10,00iéths.
Part of this variation can be explained by the different methods of data collection and
reporting.

The recommended daily intake of folate for aduéisges from 200 to 406g folate in
European countries. For pregnant women it ranges from 300 &g &0@ for lactating
women from 260 to 6GQ per day

In 2000, he SCF set a UL for folic acid of 1mg/day for adults. The UL is based on the
ri sk of #fAmas ki nngptomshobiveamia B1@ Heficgencg. al sy

All countriesparticipating in thiESCOWG recommend that women of childbearing age
should supplement their diet with 4G9of folic acid per day. Howevgthe timing of the
adviceand the duration diffeslightly acrossEuropean countriesith respect to the target
group i.e. women of child bearing age, women planning a pregnancy and timing and
duration of supplement intake.

Compliancewith the recommendations has not been evaluated in all countries. However,
studies vinich have evaluated the efficacy of policies of recommending women to use
folic acid supplements with the aim of reducing Na@fected pregnancies have shown

no or very limited effects in most European countries.

Food can be fortified in the EU under Ré&gion 1925/2006EC on the addition of
vitamins and minerals and of certain other substances to Yohataiily fortified foods
with folic acidare widely available in all European countnéso took part in this project
except for Sweden. Foods fortifiedith folic acid include breakfast cereals, dairy
products, juicedjour/bread and fat spreads.

At present no European country has introduced mandatory fortification althio2ighk
is currently considering mandatory fortification.

Available data fromstudies and surveys indicate thadross European countriethe

average dietary folate intakanges from 151 to34%g/day for men, and from 122 to

33%g/day for women. Averagmtake of folate fromdiet andsupplemerg rangefrom

338 to 385¢c¢gnddiagmf @l 0 menon 4 28TEhg Avdragg daflyor wom
folate intakes were below the European population reference intakeg(@@® in

Hungary (all adult men and women), the Netherlands (womeb0¥&), Switzerland
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(women 2535yrs) and Norway (women 704yrs). However, recommendations do differ
across the European countries and different methods were used to assess folate intake.
Therefore caution should be applied in interpretation of these values and making
comparisons between countries.

Available daa from studies and survegsiggestthat folate status is adequate for adult

men and women. Values for folate status and normal ranges are dependent on the assay
method used, which makes it difficult to make direct comparisons between different
studies andurveys. Caution should be applied in the interpretation of the results.
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APPENDIX 2

EFSA MEETING SUMMARY REPORT

Folic acid: an update on scientific developments

21-22 January 2009, Uppsala, Sweden
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1.0 INTRODUCTION

1. In 20, the European Food Safety Aotity (EFSA) established an EFSA
Scientific Cooperation Working Group (ESC
benefits of fortification of food with f ol
and concerns regarding folic acid food fortification agsirMember States.

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

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

A 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.

3. EFSA and the Swedish Nationalodtl Administration organised a scientific
meeting oni Fol i ¢ Aci d: An Update, iobppsSla i ent i fi
Sweden, on 2P2 January 2009. The aim of the meeting was to consider the
evidence regarding folic acid and risk of cancer.

4.  Over 60 scientic 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 folat and folic acid, and cancer risks, including cancer of the
colon, breast and prostate.

5. All the available scientific evidence concerning folate metabolism, animal and
mechanistic studies, and human studies was reviewed and discussed. In group
discussionsexperts 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 wersufficient to allow a quantitative risk assessment. Areas for
further scientific research were also identified.

6. Since the completion of this report, further papers on folic acid and cancer risk have
been published. Only papers and presentations presehtéte aneeting are
considered in this report.
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2.0 BACKGROUND SESSIONS

Folate is a generic term for a naturally occurring family efjrBup vitamins
comprising an aromatic pteridine ring linked teaminobenzoic acid and one or
more glutamate residues.igt 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 abrbed than natural folates.

8. Dietary folates are converted in the intestinal mucosantethyl tetrahydrofolic
acid (5MTHF) which is the form of folate present in the systemic circulation. Folic
acid has to be reduced and methylated in the gut mucose ie€an be converted
to 5MTHF, the form found in the circulation. The capacity of the body to convert
folic acid to 5SMTHF is limited and unmetabolised folic acid has been detected in
the systemic circulation following folic acid supplementation (frdmoth
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 #thads of neural tubéefects (NTDs) (MRC
Vitamin Study Research Group, 1991). It might also reduce the risk 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.

10. Findings from observational studies had also suggested thaintéddes of folate
(or high blood levels of folate) were associated with a lower risk of cardiovascular
disease (CVD) and cancer, and lage related cognitive decline. Randomised trials
had not confirmed any such associations with CVD and cancer. AltHooigéd
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
bendicial effect on improving cognitive function in older adults with low folate
status and without vitamin B12 deficiency.

11. High intakes of folic acid have also been associated with theoretical risks of adverse
effects. Since high dosages of folic acid carmrect the anaemia associated with
vitamin B12 deficiency, there are concerns that high intakes of folic acid could
del ay the diagnosis of vitamin Bl1l2 defici
of vitamin B12 deficiency which could lead to irreversibkurological damage if
treatment with vitamin B12 is not provided. However, current medical practice does
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12.

13.

14.

15.

2.2
16.

17.

18.

not rely on the presence of anaemia for the detection of vitamin B12 deficiency,
which frequently presents without anaemia.

While generally, observanal 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
unmetabolised folic acid in tHdood following folic acid at oral doses of 260 ug or
greater (see paragraph 7). However, the current available data are insufficient to
adequately assess the letegm effects of exposure to unmetabolised folic acid.

There are also data suggesting thesgality 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 aresasiated 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 processdab@ught to be involved

in cancer development. The evidence regarding folic acid and cancer risk is
considered in section 2.5.

Current recommendations

Many countries in the EU recommend that women who might become pregnant
should take folic acid supgments 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 establishesrtumised 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 tirevalenceof NTDs. Mandatory wheat flour
fortification is currely under review in the United Kingdom but has notrbee
endorsed in Sweden or Italyit has been recommended in Ireland but
implementation has been deferred.

Voluntary fortification is pernited 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
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2.3
19.

2.4
20.

2.5

21.

22.

fortified. Recently the EU introduced new rulés 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 ongoingtbe 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).

Recommended upper intake levels for fat acid in Europe

In 2000, the Scientific Committee on Food (SCF) set a tolerable upper intake level
(UL) for folic acid 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 neur ol ogi cal sympt oms
haematological symptoms of vitand12 deficiency.

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) 200004 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).

Folic acid and cancer risk

Animal studies

Animal models have suggested the possibility 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 sgest 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
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23.

24,

25.

26.

27.

established lesions, high dosafsfolic 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 froraryanu
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.

Time trends in colorectal cancer incidence in the US4 @anada 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 incidencee
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 alut 4
additional cases afolorectal 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 inceeas 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 thareased 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 stdies

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 anéatalor
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).
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28. 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 increasddof breast cancer associated with low folate
intake combined with alcohol consumption. One observational study (Stolzenberg
Solomon et al., 2006) reported that folic acid supplements afgd@Omore per day
may be associated with an increased risk of breast cancer in postmenopausal women
(hazard ratio: 1.19; 95% CI, 1.4141) compared with women consuming no folic
acid supplements.

29. Since there is potential for differential effects of natutietary 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 dmd&ad 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.

30. Findings from epidemiological sties come from observations that could be
confounded by other dietary and ndietary factors associated with cancer risk.

MTHFR gene variants and cancer risk

31. Genetic variability of a number of enzymes that are involved in folate metabolism
can modify theiractivity and affect folate status. Several studies have investigated
associations of polymorphic genes involved in folate metabolism with colorectal
and breast cancer risk. Most studiesshavc onsi dered the MTHFR 6
1298 AYC polymorphisms, which are associ a
the setting of low folate status. Most, but not all studies, have reported reduced
colorectal cancer risk associated with the MTHFR 677TT mariahe MTHFR
1298 AYC polymorphism has been | ess exten
inconsistent (Sharp & Little, 2004; Hubner & Houlston, 2006; Huang et al., 2007).

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

Randomised controlled trials

33. Data from randomised controlled trials on the effects of folic acid intakes on breast,
prostate and other cancers are limited. Onelys{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 keadsopplemented
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 thatiesdrtine efficacy
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34.

35.

36.

37.

of folic acid (1mg/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 eauld b
spurious finding given the number of adverse events evaluated. This trial is
described in further detail in paragraph 36.

Two categories of randomised controlled trials have provided evidence on effects of
folic acid on risk of cancer and in particulamn 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 investigttedeffect of Bvitamins (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., 280Logan et al., 2008) and one unpublishggtrial
(E.Giovannucci2009 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 adenomasilpthe trial by Cole et al. (2007) had
duration of more than-8 years.

Paspatis and Karamanolis (1994) reported that folic acid supplementation (1mg/day
for 2 years; n=60) decreased colorectal adenoma risk compared with placebo,
although the differencewere not statistically significant; Jaszewski et al. (2008)
reported thafolic acid supplementation @g/day for 3 years; n=93) significantly
reduced adenoma recurrence compared with the placebo group. The results from
these two small trials suggestedittiolic acid supplementation reduced the risk of
colorectal adenom&he 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 suppleatient (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 betveeen
placebo group and the folic acid groups after 3 years (RR, 1.04; C{1200
p=0.58) or after 6 years (RR, 1.13; Cl, 6R37; p=0.23). However, during
subsequent treatment/follemp in a subgroup analysis of this trial (n=607) there
was a signiftantly greater incidence of advanced lesions in the folic acid group
compared to the placebo group (RR, 1.67; CI, -2@D; 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).

Appendix 2103115



¥

%, efsa- ESCO Report on Analysis of Risks and Benefits o
European Food Safty Authoriy Fortification of Food with Folic Acid

38. Results of the tal 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 yearso6 delay and consequently increc

39. The trial by Logan et al. (28) 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% ClI, 0.8%.34). The unpublishedS trial (E.Giovannucgipersonal
communication 2009 also found no effeatf folic acid supplementation (ig/day
for 3 years; n=692) on colorectal adenoma recurrence.

40. Of the three larger trials (n=700 1®00) participants received @ng/day of folic
acid in one study (Logan et al., 2008) and 1 mg/day in the other two studlese(C
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 (68 years). The trial by Logan et al. (2008) and the unpublished trial
both rad short followup periods (34 years); risk ratios from these trials are
consistent with those reported by Cole et al. (2007) during their first falfp(34
years). A metanalysis (n=2652) of the results from these 3 trials (Cole et al., 2007;
Logan & al., 2008; unpublished trial) found no evidence of any significant effects of
folic acid supplementation on any cancer in this population (unpublished results).
This metaanalysis was limited to the shorter follayp time frame of 3! years.

CVD prevenwn trials

41. A number of intervention trials have investigatedvitamin 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.

42. Few of the individual trials of Bitamin supplements for prevention of vascular
diseases had adequate statistical power to assess the effeatgamhiBs on CVD
oroncancer. The®i t amin Treatment Trialistsd Coll
as a prospective metmalysis of results from all the-Btamin trials in order to
provide more reliable evidence for the effects of B vitamins on vascular ard non
vascular outcomes (unpublished results).

43. The preliminary results of the BVTT metaalysis of 8 of the trials, involving
37,485 participants, found no significant beneficial or adverse effectsvéiin
supplementi#on (folic acid dose of 0-:80mg/day fa a medianduration of 5 years)
on vascular events, athuse mortality, cancer, or cancer in any of thespexified
subgroups or at any specific sites (including colorectal, lung, prostate or breast
cancer (unpublished results). The interpretationheSeé results is limited by the
short duration of follomup in comparison to the longer periods of time over which
cancers usually develop.
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44. Results from a sugroup of two of the Britamin trials from Norway (NORVIT &
WENBIT) involving 6837 participants witan additional three years of follewp
after the end of the intervention period were due to be presented in June 2009 at the
International Homocysteine Conference in Prafiug://www.homocysteine2009.

org/).
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3.0
3.1

45.

46.

47.

48.

49.

REPORTSFROM DISCUSSIONGROUPS
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 le 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 typeof 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:

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

e The plausibility of an immediate cancer effect, although this finding is
consistent with a possible very late and immediate progres$iestablished
adenomas to colorectal cancer.

e 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 cancieleirce. 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.

It was agreed that, as an ecological study, the paper by Mason et al. (2007) had a
number of limitations. EHwever, 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.
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50.

51.

52.

53.

4.

Observatonal 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 totafydielate

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 (WCRFRDR, 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 rication (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 other factors that may affect cancer risk and
effect modification by other factors that could interfere inatbon metabolism
(particularly B viamins 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.

Randomised controlled trial

Of the five randomised controlled trials which assessed the effect of folic acid
supplementation (0-2mg/day) on risk of recurrence of colorectal adenomas in
people with a prior history of colorectal adenoma (see paragrapB8)3#one
reported adverseffects within 3 years of folic acid supplementation. Only one
randomised controlled trial (Cole et al., 2007) reported data on feifpwf more

than 3 years; this trial reported that during the later treatment/faifgviolic acid
supplementation (1md) 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 aboutdamgexposure to folic
acid.

The BVTT metaanalysis showedmevidence of any significant effect of folic acid
supplementation on overall risk of cancer (Unpublished). There were extensive
discussions on the power of this matzlysis to detect an association between
folic acid and cancer risk. It was agreed thatadequately powered metaalysis

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 riere. It was also agreed

that the current data involved relatively short folap time periods in comparison

to the time usually required for the development of cancers.
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55. It was noted that cancer endpoints from 3 furtheitBmin trials would be includke
in the metaanalysis in 2009 and 2011 and that 2 Norwegian studies (NORVIT and
WENBIT) were expected to report folleup cancer outcomes in 2009. Since
Norway does not allow foods to be fortified with folic acid, background exposure to
folic acid would lave been very low in these trials. Prolonged follgw of
participants in such trials after the cessation of folic acid supplementation may
provide useful information on possible loteym effects of folic acid on cancer
risk.

56. The general consensus wastttine findings from the Bitamin 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 paragraphs 580.

Population groups and cancer risk

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

58. The effects of folic acid on treatment efficacy of commonly used chemotherapeutic
drugs (such as methotrexate anfiudrouracil) have been insufficiently studied.

Intake levelsaand cancer risk

59. 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.

60. The possibility of using the amount of folic acid that would cause the apmeaof
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 metabolisnmder
polygenetic control it would be difficult to factor genetic considerations into any
reconsideration of the UL.

61. 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 sugpw 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 fatid on potential
colorectal cancer risk.

62. 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 popuaatgroup of> 60 years of age had
the highest folic acid intakes with the largest amounts deriving from supplements.
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3.2

63.

64.

65.

66.

In this population group, which is at highest risk for colorectal cancer, lower dosage
mandatory fortification was not likely to have uméinced serum folate levels.

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 (1926898). In Canada, there was a
significant increaseni the incidence of prostate cancer after 1996 (voluntary
fortification was introduced in December 1996).

A prospective cohort study has suggested a potential harmful effect of folic acid
i nt ak esg/d) On bdedBsO cancer risk (Stolzenb&gomon et al.2006) (see
paragraph 27). 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
containng 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 copiex disease which makes assessment of any folie acid
cancer association very difficult. It was agreed that issues that required further
consideration included:

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

Form of folate (ntural vs folic acid)

Interaction of folate with other nutrients

Dose

Other risk factors

To o o Do I» Do

Genetic background.
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67.

68.

69.

Folic acid food fortification

A range of foods are voluntarily fortifidwith folic acid at variable levels. This
makes it difficult for individués 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 inn@ore 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 wholegiaul

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, pancreatic or
oesophageal cancer. However, the consensus was that istiakigs not exceed the

UL.

18 voluntary folic acid food drtification 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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4.0
4.1

70.

71.

72.

73.

74.

75.

76.

PLENARY DISCUSSIONAND CONCLUSIONS

Final comments and conclusions

Divergent views were expressed during the discussion and there was disagreement
between experts regarding the interpretation of the trial evidence andLtlof

1mg/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 consénsus
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 fortifarati
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 data ¢oforectal cancer incidence, and a
randomised 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 frdme 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 esyssEfic

cancer risk and their duration of follemp may have beewd 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 ar@spense relationship

or a threshold level of folic acid intake associatethwotential 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 importanceeauring 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.

Intakes of folic acid should not exceed the established UL of 1mg/day (SCF, 2000).
However, the UL is based on limited data and may need to sedewhen further
data become available.
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77. 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 folecid and folic acid supplements does
not lead to intakes above the UL.

4.2 Further research

78. 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
caner risk:

79. Continued longerm followrup (510+ years) for cancer risk in participants in folic
acid supplementation trials after the cessation of the trials.

80. Anupdate oftheB/i t ami n Tr e at manalysis D agsesd theeffestd met a
on risk of anycancer and on skgpecific cancers after completion of the 3 ongoing
B-vitamin trials that are due to report in the nex288months.

81. Future studies need to take better account of total folate and total folic acid
exposure (natural food folate and fodicid 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).

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

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

84. Animal studies on the effect of folic acid supplementation on precanesrsested
lesions.

85. Invitro and in vivo studies on proliferation effects.
86. Monitoring possible effects of unmetabolised folic acid on health outcomes.
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