Folate and Disease
Prevention

Scientific Advisory
Committee on Nutrition
2006

London: TSO

© Crown copyright 2006 Published for the Food Standards Agency and the Department
of Health under licence from the Controller of Her Majesty’s Stationery Office.
Application for reproduction should be made in writing to The Copyright Unit,
Her Majesty’s Stationery Office, St Clements House, 2-16 Colegate, Norwich NR3 1BQ
ISBN 978 0 11 243111 4
ISBN 978 0 11 243111 9
Printed in the United Kingdom by The Stationery Office
N5475090 C5 12/06

Published by TSO (The Stationery Office) and available from:
Online
www.tsoshop.co.uk
Mail, Telephone, Fax & E-mail
TSO
PO Box 29, Norwich, NR3 1GN
Telephone orders/General enquiries: 0870 600 5522
Fax orders: 0870 600 5533
E-mail: customer.services@tso.co.uk
Textphone 0870 240 3701
TSO Shops
123 Kingsway, London,WC2B 6PQ
020 7242 6393 Fax 020 7242 6394
16 Arthur Street, Belfast BT1 4GD
028 9023 8451 Fax 028 9023 5401
71 Lothian Road, Edinburgh EH3 9AZ
0870 606 5566 Fax 0870 606 5588
TSO @ Blackwell and other Accredited Agents
Further copies can be obtained from the SACN website at www.sacn.gov.uk

Folate and Disease Prevention

Preface
The purpose of this report is to update the report by the Committee on
Medical Aspects of Food Policy (COMA) ‘Folic acid and the prevention of
disease (2000). The COMA report reviewed the available evidence linking
folate with human health, particularly the need for adequate intakes of folate
at the time of conception to reduce the risk of a pregnancy affected by a
neural tube defect (NTD). The report concluded that fortification of flour
with folic acid would reduce the number of NTD-affected pregnancies.
COMA did not find sufficient evidence of other health benefits of folate, e.g.
reducing the incidence of cardiovascular disease, to justify fortification for
that purpose. After considering this advice and listening to the views of
stakeholders, the Food Standards Agency Board recommended to Health
Ministers in 2002, that mandatory fortification should not be introduced at
that time. This was due to concerns about the impact on older adults with
vitamin B12 deficiency who might have diagnosis and treatment delayed, and
also because of concerns about limiting consumer choice.
A significant quantity of evidence has emerged on the health effects of folate
since COMA reported in 2000. The evidence can broadly be divided into two
types: scientific research studies on the potential benefits of folic acid; and
impact assessments on the effect of mandatory fortification polices. The
availability of this data led to the decision by the Scientific Advisory
Committee on Nutrition (SACN) in 2003, to assess the evidence that had
arisen since the COMA report. This decision coincided with a request from
the Minister for Health in 2004, to consider the wider implications of folic
acid fortification.
SACN’s draft report on folate and disease prevention was made available for
comment in November 2005 and I would like to thank all those who
responded. All the comments from stakeholders were carefully considered
by the Committee before finalisation of the report. SACN’s risk assessment is
now available for consideration by the Food Standards Agency in providing
advice to the Health Ministers regarding the implications of fortifying flour
with folic acid.
In order to draw its conclusions and make recommendations, SACN had to
consider a large body of evidence of variable type and clarity. Clear, strong
i
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evidence from randomised controlled trials (RCTs), has shown large benefits of
folic acid supplementation in reducing the risk of pregnancies affected by
NTDs. This evidence is supported by the results of mandatory fortification
polices in the USA, Canada and Chile where substantial reductions in the
incidence of NTD-affected pregnancies have been observed.
Against this strong evidence of known benefit, SACN had to weigh the
evidence of potential harm of folic acid fortification, particularly in relation
to the possibility of delaying diagnosis of vitamin B12 deficiency and
increasing the progression of pre-existing polyps to bowel cancer. Data to
support these associations are much less clear than those on folate and
NTDs. For example, the evidence relating to the masking of B12 deficiency by
folic acid is limited to often poorly described case reports, while the
evidence on cancer risk indicates a potential dual effect of the nutrient,
depending on age, possibly genotype, and intake of other nutrients.
SACN also assessed current folate intakes of the UK population using the
National Diet and Nutrition Survey data set. This has shown wide variation in
folate intakes. Some people, particularly women of reproductive age and the
elderly, have low intakes while others have intakes close to or exceeding the
upper level of folic acid intake considered to be safe (1mg/day for adults).
These high intakes are associated with consumption of foods, such as fat
spreads and breakfast cereals, which are fortified with folic acid on a
voluntary basis and/or folic acid containing supplements. The Committee
also explored the potential impact of fortifying flour with folic acid at
different levels on population intakes of folate and on reducing NTD risk.
Following a detailed assessment of the evidence, SACN is recommending
mandatory fortification of flour with folic acid as the most effective way to
increase folate intakes of women most at risk of NTD-affected pregnancies,
provided voluntary fortification is controlled and advice is given about
supplement use. Such a policy would also be of net benefit to the UK
population as it would lead to a redistribution of folic acid intakes, improving the
folate intake of low consumers while reducing the intakes of high consumers.
Because of the uncertainties relating to potential harmful effects of folic acid,
SACN agreed that the recommendation for mandatory fortification should
include the proviso that population average folic acid intakes, and numbers of
ii
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people consuming more than the upper levels considered to be safe, should
not increase substantially if mandatory fortification is introduced.
SACN is also recommending that women should continue to follow current
advice to take folic acid supplements prior to and 12 weeks after conception
to minimise the risk of NTDs. It is clear however that this advice alone is
unlikely to be successful at reducing NTD rates in the UK. In this country
about half of all pregnancies are unplanned, so by the time the pregnancy is
recognised the developmental window for the neural-tube, when folate
requirements are high, has passed. No other countries that have implemented
policies which rely only on advice to take folic acid supplements have been
effective at reducing NTD rates.
SACN also considered other beneficial effects that have been proposed for
folic acid, such as reduced risk of cardiovascular disease. The Committee
concluded that there is currently insufficient evidence to support mandatory
fortification of flour with folic acid on these grounds.
Since the report was finalised, two major manufacturers of fat spreads have
announced a significant reduction in the level of folic acid fortification.
Although it has not been possible to publish an assessment of how this will
affect high consumers of folic acid, there are indications that these actions
will reduce the number of people exceeding intakes considered to be safe.
However, this reduction is unlikely to affect folate levels of women most at
risk of NTD-affected pregnancies.
I should like to thank members of SACN, especially Professor Sheila Bingham
and the other members of the SACN Folate Subgroup. I would also like to
thank Dr Chris Bates (MRC Human Nutrition Research, Cambridge), Dr
Christine Pfeiffer (Centre for Disease Control and Prevention [CDC], Atlanta,
USA) and Professor Elaine Gunter (Advisor to NHANES Laboratory, CDC) for
their very helpful comments regarding measurements of folate status.

Pr of es so r Al an J ack s on
Chair of the Scientific Advisory Committee on Nutrition
December 2006
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Summary
Background

1.

In its report, Folic Acid and the Prevention of Disease (Department of Health,
2000), the Committee on Medical Aspects of Food and Nutrition Policy
(COMA) concluded that universal fortification of flour with folic acid
(240µg/100g) would significantly reduce the number of conceptions and
births affected by neural tube defects (NTDs). In July 2002, after
consultation, the Food Standards Agency advised the Health Ministers not to
introduce mandatory fortification at that time, due to outstanding concerns
about vitamin B12 deficiency. In 2004, the Scientific Advisory Committee on
Nutrition (SACN) was asked by Health Ministers to consider the wider impact
of folic acid fortification, particularly in relation to the elderly.

Methodology
2.

The SACN Framework for the Evaluation of Evidence (2002) was used as the
basis to identify and assess evidence published since the COMA report.

3.

The main issues considered were: UK dietary intakes of folate and other B
vitamins; trends in rates of NTD-affected pregnancies in the UK and in
countries with fortification policies; possible effects of fortification on
people aged 65 years and over with vitamin B12 deficiency; the relationship
between folate and cardiovascular disease, cancer, cognitive function,
depression, and bone health. The report also explored the potential impact
of mandatory fortification of flour with folic acid on: reducing NTD risk; total
folate intakes of the population; the intakes of people aged 65 years and over
with low vitamin B12 status.

Dietary intakes and status of folate, vitamins B2, B6, and
B12 in the UK
4.

Data from the National Diet and Nutrition Survey (NDNS) series was used to
assess the intakes and status of the UK population.

5.

Although average daily folate intakes were above the recommended nutrient
intake (RNI) in all age groups, there was some evidence of marginal folate
status in young women and people aged 65 years and over. Values for folate
1
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status and normal ranges are, however, dependent on assay method which
makes it difficult to assess adequacy and deficiency determined by one assay
method against reference ranges determined by another method.
6.

Lower intakes of vitamin B2 and marginal vitamin B2 status were widespread in
all age groups, particularly in women, girls, and boys. Most age and sex groups
had adequate vitamin B6 intakes but a relatively high proportion of females
aged 15-24 years, and over 65 years, had intakes below the lower reference
nutrient intake (LRNI). Marginal vitamin B6 status was found in 10% of people
aged 4-64 years with indications of higher prevalence in adults aged 65 years
and older. Although there was no evidence of inadequate vitamin B12 intakes,
serum concentrations indicated poor vitamin B12 status in older adults.

Folate
7.

The term folate(s) describes a family of B-group vitamins and includes
naturally occurring folates found in foods and folic acid, a synthetic form
used in supplements and food fortification.
Recommended upper intake level for folic acid in the USA, Europe,
and the UK

8.

In the USA and Europe, the tolerable upper intake level (UL) of 1mg/day for
adults has been set for folic acid. ULs set for children were extrapolated
from the UL for adults on the basis of body weight. In the UK, a guidance
level (GL) of 1mg/day of folic acid has been set for adults. As GLs were not
set for children, ULs were used for the modelling exercise on the potential
impact of folic acid fortification of flour in the UK (see paragraphs 28-32).
Folate and NTD

2

9.

Although supplementation with folic acid is advised prior to conception until
the 12th week of pregnancy approximately half of all pregnancies are
unplanned, which limits the value of recommendations. European Union
countries with policies recommending women to consume folic acid
supplements to reduce NTDs have observed no effect on reducing the
number of NTDs.

10.

Available data on the number of NTD-affected pregnancies are insecure due
to under-reporting. Taking account of under-reporting in England and Wales,
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but not in Scotland and Northern Ireland, there were approximately 700-900
NTD-affected pregnancies in the UK in 2003.
Folic acid fortification strategies and the incidence of NTD in other countries
11.

Countries that have introduced mandatory fortification (USA, Canada, Chile)
have reported significant reductions in NTD-affected pregnancies of 27% to
over 50%. As a result of the practice of overage, the impact of fortification
on folate status has been greater than predicted.

Possible adverse effects of mandatory fortification of
flour with folic acid
Risks to older people with vitamin B12 deficiency
12.

There are concerns that mandatory fortification of flour with folic acid might
have adverse effects on neurological function in people aged 65 years and
over with vitamin B12 deficiency. Clinical signs of vitamin B12 deficiency are
anaemia and/or neurological impairment. Treatment with folic acid can
alleviate or mask the anaemia and therefore delay the diagnosis of vitamin
B12 deficiency, which can lead to the irreversible and serious condition of
subacute combined degeneration of the spinal cord.

13.

The assessment of vitamin B12 deficiency is complicated by the limitations of
current diagnostic techniques. Low serum concentrations of vitamin B12 are
not always predictive of a clinical response to vitamin B12 therapy. The
prevalence of low vitamin B12 status in the UK has been estimated to be 5%
in people aged 65-74 years and 10% in people aged 75 years and over.

14.

Evidence suggests that masking of vitamin B12 deficiency is not associated
with doses of folic acid up to 1mg/day. There are no reports from countries
that have introduced mandatory fortification indicating deleterious effects
on older people with low vitamin B12 status.
Epilepsy

15.

It has been suggested that folic acid modifies the pharmacokinetics of
phenytoin, an anti-epileptic drug, and may lower serum phenytoin
concentrations leading to poorer seizure control. Evidence from Canada has
shown that mandatory fortification, estimated to provide an average of
3
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200µg/day of folic acid, did not lower serum phenytoin concentrations in
epileptic patients.
Multiple births
16.

There is no substantive evidence to suggest that folic acid fortification is
associated with multiple births resulting from natural conception. However,
high intakes of folic acid may increase the likelihood of twin births in women
undergoing multiple embryo transplant fertility treatment.
Embryo selection

17.

It has been proposed that the use of folic acid in pregnancy could increase
the survival of embryos with genotypes that are associated with deleterious
effects. There is no substantive evidence from countries where
supplementation is advised or mandatory fortification has been introduced
to support this.
Anti-folate chemotherapy

18.

There are concerns that folic acid may reduce the efficacy of anti-folate
drugs such as methotrexate (MTX), which is widely used in chemotherapy
regimens and for treatment of autoimmune diseases. There are insufficient
human data on the effect of folic acid on antifolate medication or the doses
at which folic acid might affect their action to conclude that mandatory folic
acid fortification would modify their efficacy.
Unmetabolised folic acid in the systemic circulation

19.

The appearance of unmetabolised folic acid in the systemic circulation has
raised concerns regarding the long-term effects of high intakes of folic acid.
Overall, there are insufficient data in humans to assess the long-term effects
of exposure to unmetabolised folic acid in the systemic circulation.

Folate, B vitamins, and chronic disease
Folate and cardiovascular disease
20.

4

Observational studies have suggested a protective effect of increasing folate
intake, but not circulating folate concentrations, on CVD risk. No randomised
controlled trials have demonstrated a beneficial or harmful effect of folic
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acid supplements on CVD risk. One RCT found an increased CVD risk with
supplementation of folic acid in combination with vitamins B12 and B6.
Folate and cancer
21.

Some animal studies suggest that folic acid may have dual modulatory effects
on cancer: inhibiting tumour development in normal tissues but promoting
the progression of established neoplasms. The doses of folic acid used in
these studies were considerably higher than the amounts that would be
consumed by humans as a result of fortification.

22.

Although evidence from prospective studies in humans suggests a trend
towards a protective effect of folate intake on colon cancer risk, some studies
did not adjust for all confounding factors. No RCTs designed to investigate the
relationship between folic acid and cancer incidence have yet reported.

23.

Time trends for colorectal cancer (CRC) incidence in the USA and Canada
show that mandatory fortification of foods with folic acid occurred at around
the same time as non-significant increases in CRC incidence. If this was
caused by folic acid fortification, the effect of folic acid on cancer
progression would have to have been immediate, which may not be plausible.
The increase in rates occurred at different times for men and women and in
different age groups. The timing of changes in average blood folate
concentrations of the USA population was also not clearly consistent with
changes in CRC incidence.

24.

The evidence for an association between folic acid and increased or reduced
cancer risk in humans is equivocal.
Folate and cognitive function

25.

No RCTs have shown an effect of folic acid or vitamin B12 on cognitive
function in older people, which might be due to insufficient sample size and
duration. Overall, the evidence for either beneficial or deleterious effects of
folic acid or vitamin B12 therapy on cognitive function in older people is
presently inconclusive.

5
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Folate and depression
26.

There is insufficient evidence from prospective studies and RCTs to suggest
an association between folate and depression.
Folate and bone health

27.

There is insufficient evidence to suggest beneficial effects of folic acid on
bone health and no evidence to suggest any deleterious effects.

The potential impact of mandatory fortification of flour
with folic acid

6

28.

The potential effect of fortifying flour with different doses of folic acid (100450µg/100g) on the total folate intake (including current levels in fortified
foods, supplement use, processing losses, overage) of different population
age groups was investigated by modelling intake data from the NDNS series.
The purpose of the modelling exercise was to explore the effect of
mandatory folic acid fortification of flour on: risk of NTD-affected
pregnancies; the number of people with folic acid intakes above the UL/day;
and the number of people aged 65 years and over, with low vitamin B12
status, exceeding folic acid intakes of 1mg/day.

29.

AS GLs were not set for children in the UK, ULs were used for the purpose of
the modelling exercise (see paragraph 8).

30.

Results from the modelling exercise showed that at current levels of folic
acid intake (including intake from voluntarily fortified foods and
supplements), mandatory fortification of flour with folic acid would
progressively: reduce NTD risk; increase the proportion of people in the
population with folic acid intakes above the UL/day and the number of
people aged 65 years and over with low vitamin B12 status consuming more
than 1mg/day of folic acid.

31.

If no foods were voluntarily fortified, the option that would provide the
optimum balance between benefits and possible risks is mandatory
fortification at a level of 300µg of folic acid per 100g flour (excluding
wholemeal flour). At this level it is estimated that compared to current
levels:
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32.

•

77-162 NTD-affected pregnancies/year could be prevented (11-18% risk
reduction);

•

the proportion of the population with intakes below the RNI would be
reduced from 23% to 5%;

•

the number of people with folic acid intakes above the UL/day would
be reduced by 12,000;

•

there would be no change in the number of adults aged 65 years and
over, with low vitamin B12 status, exceeding intakes of 1mg/day.

Without intakes of folic acid from voluntary sources, mandatory fortification
of flour with folic acid would confer a more even distribution of folic acid
intakes across the population compared to current voluntary fortification
and supplement use. This means that women at greatest risk of NTDaffected pregnancies, i.e. those with the lowest folate intakes, would be
reached through mandatory fortification.

Conclusions
33.

The current recommendation is that women planning a pregnancy should
supplement their diet with 400µg/day of folic acid (5mg/day for women
with a previous pregnancy affected by NTD) prior to conception until the
12th week of pregnancy. About half of all pregnancies are unplanned which
limits the value of recommendations for preconceptional supplementation.
Policies in the EU, recommending folic acid supplementation to reduce NTDaffected pregnancies, have been ineffective.

34.

Introduction of mandatory fortification of flour with folic acid at current
levels of folic acid intake (including intake from voluntary fortification and
supplements) would reduce the risk of NTD-affected pregnancies in the UK.
However, it would also increase the proportion of people in the population
at risk of exceeding folic acid intakes above the UL/day and the number of
people aged 65 years and over with low vitamin B12 status at risk of
consuming more than 1mg/day of folic acid.

35.

There are approximately 127,000 people in the UK who are currently
consuming intakes of folic acid above the UL/day from voluntarily fortified
7
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foods and supplements. As there are presently no controls on the levels of
folic acid which can be added to foods, the number of people with intakes
above the UL/day could be higher if levels in these foods are increased in the
future.

8

36.

Without the contribution of folic acid from voluntarily fortified foods,
mandatory fortification would reduce risks of intakes exceeding the UL/day
for folic acid relative to the current practice of voluntary fortification. This
is because voluntary fortification of foods with folic acid and inappropriate
supplement use are harder to quantify and control and, unlike flour, their
consumption is very variable.

37.

Replacement of voluntary folic acid fortification of certain foods with
mandatory fortification of flour would result in a redistribution of folic acid
intakes within the population and would be the most effective way to reach
those sections of the population with the lowest folate intakes, i.e., younger
women from the most socioeconomically deprived areas.

38.

Without the contribution of folic acid intakes from voluntarily fortified
foods, the optimal level for mandatory fortification of flour with folic acid
would be 300µg/100g flour. This level would be effective in reducing NTD
risk without increasing the number of people with intakes of folic acid above
the UL/day or the number of adults aged 65 years and over, with low vitamin
B12 status and folic acid intakes above 1mg/day. Exempting wholemeal flour
from fortification would have little effect on NTD risk but would further
reduce numbers with intakes of folic acid above the UL/day.

39.

There is currently insufficient evidence from RCTs examining chronic disease
risk (cardiovascular disease, certain cancers, bone disease and age-related
cognitive decline) to either support or advise against mandatory fortification
of flour with folic acid on these grounds.

40.

There is currently insufficient evidence for an adequate risk assessment of
folic acid and cancer risk or the intake levels which might be associated with
risk. A substantial increase in current average population intakes of folic acid
and the numbers consuming more than the GL/UL per day for folic acid
should therefore be avoided.
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Recommendations
41.

As previously recommended by COMA (DH, 2000), all women who could
become pregnant should take 400µg/day folic acid as a medicinal or food
supplement prior to conception and until the twelfth week of pregnancy.
Women with a history of a previous NTD-affected pregnancy are advised to
take 5mg/day of folic acid prior to conception and until the twelfth week of
pregnancy. This recommendation is applicable even if mandatory
fortification of flour with folic acid is introduced.

42.

Individual long-term intakes of folic acid from fortified foods and
supplements above the GL/UL per day for folic acid should be avoided. The
risk currently posed by voluntary fortification of food with folic acid and
supplement use in contributing to intakes above the GL/UL per day for folic
acid needs to be addressed.

43.

Mandatory fortification of flour with folic acid would improve the folate
status of women most at risk of NTD-affected pregnancies. However, if
mandatory fortification is combined with the current practice of voluntary
fortification of foods with folic acid and inappropriate supplement use, the
numbers of people consuming levels of folic acid above the GL/UL per day
would be substantially increased.

44.

Mandatory fortification should only be introduced in the UK if it is
accompanied by:

45.

•

Action to reduce folic acid intakes from voluntarily fortified foods to
ensure that the numbers of people with intakes above the GL/UL per
day do not exceed current levels and there is no substantial increase in
mean intakes or in the folate status of the UK population;

•

Measures for careful monitoring of emerging evidence on the effects of
long-term exposure to intakes of folic acid above the GL/UL per day and
postulated adverse effects, including neurological damage, CVD, and
cancer.

The establishment of a new baseline for folic acid intakes and blood folate
concentrations will be required prior to fortification to ensure that
mandatory fortification does not lead to substantial increases in folic acid
9
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intake or folate status and so that trends can be monitored in future
surveillance programmes. The adoption of a common standard analytical
method to measure folate status at baseline and all future surveillance
studies will also be required as well as the establishment of suitable
reference ranges to predict folate adequacy and deficiency.
46.
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If mandatory fortification is introduced:
•

Careful consideration should be given to the issue of overage;

•

The evidence on benefits and postulated adverse effects should be
reviewed after a period of five years.

47.

Clear guidance is needed on the use of folic acid containing supplements by
the general population.

48.

More reliable diagnostic indices to identify vitamin B12 deficiency should be
developed. The development of a clinical strategy to manage issues related
to vitamin B12 is necessary irrespective of a decision on future mandatory
fortification of flour with folic acid.

49.

The prevalence of poor vitamin B2 status in the UK needs to be addressed.
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2

Introduction

50.

In 2000, the Committee on Medical Aspects of Food and Nutrition Policy
(COMA) published its report on Folic Acid and the Prevention of Disease
(Department of Health [DH], 2000). In September 2003, the Scientific
Advisory Committee on Nutrition (SACN) requested an update on the
evidence that had arisen since the COMA report was published. This was
followed, in 2004, by a request from Health Ministers to consider the wider
impact of folic acid fortification, particularly in relation to the elderly.

Terms of Reference
51.

52.

The SACN Folate Subgroup was established in February 2004 with the
following terms of reference:
•

Consider the evidence since the COMA report, Folic Acid and the
Prevention of Disease (DH, 2000);

•

Advise on any gaps in the evidence base, with particular reference to the
issue of folic acid masking the diagnosis of vitamin B12 deficiency;

•

Consider when and how to review the previous COMA risk assessment.

After initial consideration of evidence published since the COMA report, it
was agreed there were sufficient data to warrant a full risk assessment.

Background
53.

In its report, Folic Acid and the Prevention of Disease (DH, 2000), COMA
concluded that universal fortification of flour with folic acid would
significantly reduce the number of conceptions and births affected by neural
tube defects (NTDs). Following a formal public consultation in 2000, a
stakeholder meeting on folic acid fortification was convened by the Food
Standards Agency (FSA) and the Health Departments in March 2002.

54.

Fortification of flour with folic acid was considered by the Agency’s Board in
May 2002 (FSA, 2002a). In July 2002, the Agency advised the Health Ministers
responsible for making a decision on folic acid fortification not to introduce
11
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mandatory fortification at that time, due to outstanding concerns about
vitamin B12 deficiency (see section 6) (FSA, 2002b).
55.
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The Health Ministers responded in June 2004 and agreed with the Agency’s
advice. The letter stated:
•

The wider impact of folic acid fortification, in particular the benefits and
risks to older adults, should be assessed.

•

The matter will be reassessed following SACN’s consideration and as the
evidence becomes available from overseas.

•

At the same time, options will be considered to increase the usage of
preconceptual supplements, and increase dietary intakes of folate, for
example, through the Healthy Start and 5-A-DAY Programmes and to
address the concerns relating to prevalence and identification of vitamin
B12 deficiency.

56.

Both Healthy Start and 5-A-DAY are ongoing and management of vitamin B12
deficiency is under discussion.

57.

The COMA report, Folic Acid and the Prevention of Disease (DH, 2000),
concluded that fortifying flour with 240µg folic acid/100g would have a
significant effect in preventing NTD-affected pregnancies without resulting in
unacceptably high intakes in any population group. This was based on the
assumption that the flour content of bread was over 70%. After publication
of the COMA report, it was realised that bread actually comprised about
60% flour and that to achieve the increase in folate intake estimated by
COMA, would require fortification of flour with 280µg folic acid/100g (FSA,
2002a).

58.

In addition to advising on folic acid fortification of flour, COMA concluded
that all women who could become pregnant should continue to be advised
to take 400µg folic acid per day as a medicinal or food supplement prior to
conception until the twelfth week of pregnancy (DH, 2000).
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Methodology
59.

The SACN Framework for the Evaluation of Evidence (SACN 2002) was used
as the basis to identify and assess evidence published since the COMA report
(DH, 2000). The evidence base for this report is mainly restricted to
prospective cohort studies and randomised controlled trials (RCTs) in humans
although some evidence from cell studies and animal data was considered.

60.

The report considers: UK dietary intakes of folate and other B vitamins
involved in folate metabolism; trends in the rates of NTD-affected
pregnancies in the UK and in countries where fortification with folic acid has
been introduced; the possible effects of fortification on people aged 65 years
and over with vitamin B12 deficiency; the relationship between folate and
cardiovascular disease, cancer, cognitive function, bone health; and other
proposed health benefits and risks to the UK population of fortifying flour
with folic acid.

61.

The potential impact of mandatory fortification of flour, at different levels of
folic acid, on the total folate intakes of the population was also explored.
This information was used to estimate the reduction in NTD risk associated
with different levels of fortification. Additionally, the effects of different
levels of fortification on the intakes of people aged 65 years and over with
low vitamin B12 status were considered.

62.

The relationship between folate intake and neural tube defects was not
considered as the evidence had previously been reviewed by COMA (DH,
2000).

63.

The procedures for finalisation of the report can be found in Annex 1.
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3

Folate

64.

The term folate(s) describes a family of B-group vitamins comprising an
aromatic pteridine ring linked to p-aminobenzoic acid and one or more
glutamate residues. There are large numbers of naturally occurring folates
but methyl- and formyl- tetrahydropteroylpolyglutamates are the main forms
found in foods.

65.

Folic acid (pteroylmonoglutamic acid) is the synthetic form commonly used
in supplements and food fortification. Folic acid is more stable in foods than
natural folates and is better absorbed.

66.

The bioavailability of natural folates found in food is approximately 50%
lower than that of folic acid (Gregory, 1997). Consumption of natural food
folate has been found to result in a significantly smaller increase in red blood
cell folate concentration compared to folic acid supplements or folic acid in
fortified cereals (Cuskelly et al, 1996).

67.

The following terms are used in this report:
•

Folate(s) refers to all compounds comprising an aromatic pteridine ring
linked to p-aminobenzoic acid and one or more glutamate residues, and
includes natural folates and folic acid;

•

natural folate(s) refers only to naturally occurring folate(s) found in
foods;

•

folic acid refers only to the synthetic form used in supplements and
food fortification.

Function
68.

14

Folate is required for cell division and cell maintenance. It acts as a coenzyme in the transfer and processing of one-carbon units and also plays an
important role in nucleotide synthesis, methylation, and gene expression; for
example: in the synthesis of thymidine, which is essential for the de novo
construction or repair of DNA, the re-methylation of plasma homocysteine
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to methionine, and the ‘site-specific’ methylation of the cytosine base in
DNA, which regulates gene expression.
69.

The complex metabolic pathways governing the functions of folate are
controlled by a number of enzymes such as methylene tetrahydrofolate
reductase (MTHFR), methionine synthase (MTR), methionine synthase
reductase (MTRR), and thymidylate synthate (TS). Inherited variants of the
genes controlling these enzymes affect their activity and have been
associated with folate status, inherited susceptibility to NTDs, as well as
other conditions such as cardiovascular disease (see paragraphs 272-274) and
cancer (see paragraphs 326–329).

Metabolism of folate and folic acid
70.

Folates are broken down in the gut by folate conjugase in the mucosal brush
borders from folate polyglutamates to the monoglutamate form. Upon
absorption, the monoglutamates are converted in the mucosal cells to 5methyl tetrahydrofolic acid (5-MTHF), which is usually the only form found in
plasma. 5-MTHF is taken up by cells but cannot be retained intracellularly
unless it is metabolised to tetrahydrofolate (THF). THF can be conjugated
into polyglutamate forms, which prevents it leaving the cell.

71.

Folic acid is not conjugated and is therefore more bioavailable. Before it can
become active, folic acid has to be reduced to THF and methylated in the gut
mucosa. The reduction is catalysed by dihydrofolate reductase (DHFR); THF
is then converted to 5-MTHF, the form found in the circulation. The capacity
for this conversion by gut mucosa is limited and single doses of oral folic acid,
in excess of about 260µg, can lead to the appearance of unmetabolised folic
acid in the systemic circulation (Kelly et al, 1997). The long term biological
effects of exposure to unmetabolised folic acid in humans are unknown. The
presence of unmetabolised folic acid in the systemic circulation is considered
further in section 6, paragraphs 257 to 263.

Dietary sources of folate and folic acid
72.

Folates are found in a wide variety of foods. Rich sources are liver, yeast
extract, and green leafy vegetables such as spinach, kale, and Brussels sprouts.
Lower amounts are found in other vegetables and fruit, including broccoli,
spring greens, cabbage, parsnips, and oranges (DH, 2000).
15
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73.

The main sources of folic acid are supplements and fortified foods. In the
UK, fortification of food products with folic acid is on a voluntary basis and
unregulated. Foods which are voluntarily fortified with folic acid include a
number of breakfast cereals (FSA, 2002c) and some brands of reduced/lowfat spreads (Annex 2). These foods and supplements make up a large
proportion of the total folate intake of some individuals (see Annex 2).

74.

The NDNS of adults aged 19-64 years (Henderson et al, 2003) shows that
breakfast cereals provided 15% of total folate intake for men and women;
supplements containing folic acid contributed 4% to the total folate intake of
men and 14% to the total folate intake of women.

75

All folic acid fortified spreads are reduced or low-fat spreads. Information
regarding the contribution of folic acid fortified reduced/low-fat spreads to
folic acid intakes is not available from the NDNS of adults (Henderson et al,
2003) as the fortification of reduced/low-fat spreads was only introduced in
2002 (Unilever; personal communication, 2005), after the completion of field
work for the NDNS. Data from the Expenditure and Food Survey show that
reduced/low-fat spreads accounted for about 60% of yellow fat
consumption in 2003-2004 (DEFRA1 , 2005). Spreads fortified with folic acid
presently occupy approximately 20% of the market for yellow fat spreads
with one brand (currently fortified with 1000µg/100g) occupying 18.5% of the
market share (Annex 2, Appendix 2). A few other yellow fat spreads are
fortified at the same or lower levels.

Other B vitamins involved in folate metabolism
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76.

Several other B vitamins are involved in folate metabolism, including vitamin
B2 (riboflavin), vitamin B6 and vitamin B12.

77.

Vitamin B2 functions prosthetically in the forms flavin mononucleotide and
flavin adenine dinucleotide in flavoprotein enzymes involved in oxidationreduction reactions, e.g. the conversion of 5, 10-methylenetetrahydrofolate
to 5-methyltetrahydrofolate by methylenetetrahydrofolate reductase.

78.

Vitamin B6 functions as a co-enzyme in its pyridoxal phosphate form in
amino acid metabolism, e.g. the conversion of homocysteine to cystathionine
by cystathionine b-synthase.

1
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79.

Vitamin B12 acts as a co-enzyme in the methylcobalamin and 5’deoxyadenosylcobalamin forms in the recycling of folate co-enzymes, e.g.
the re-methylation of plasma homocysteine to methionine by methionine
synthase, and the degradation of valine through methylmalonyl CoA. Vitamin
B12 is also required for nerve myelination.

Current recommendations on folate intake
80.

In 1991, revised dietary reference values (DRVs) for food energy and nutrients
were agreed by COMA (DH, 1991). The reference nutrient intake (RNI) is the
amount of a nutrient that is considered sufficient to meet the requirements
of 97.5% of the population. The lower reference nutrient intake (LRNI) is the
amount of a nutrient that is considered sufficient to meet the requirements
of 2.5% of the population.

81.

For adults, the RNI for folate is 200µg/day and the LRNI is 100µg/day. For
infants and children, the RNIs are: 0-12 months, 50µg/day; 1-3 years,
70µg/day; 4-6 years, 100µg/day; 7-10 years, 150µg/day; the RNI for children 11
years and above is the same as that for adults. The LRNIs for infants and
children are: 0-12 months, 30µg/day; 1-3 years, 35µg/day; 4-6 years,
50µg/day; 7-10 years, 75µg/day; the LRNI for children 11 years and above is the
same as that for adults.

82.

Details of how the DRVs for folate were derived and a comparison with the
USA values are given in Annex 3. The DRVs for riboflavin, vitamin B6, and
vitamin B12 are also provided in Annex 3.

83.

Although most pregnancies in women consuming folate at the RNI will not
be affected by NTDs, evidence from clinical trials has shown that folate
intakes above the RNI during early pregnancy reduce the risk of NTD-affected
pregnancies. All women who could become pregnant are therefore advised
to take 400µg/day folic acid as a medicinal or food supplement prior to
conception and until the twelfth week of pregnancy (DH, 1992).

84.

To prevent recurrence of NTD in the offspring of men or women with spina
bifida themselves or women with a previous pregnancy affected by NTD,
folic acid supplements of 5mg/day are recommended2 (DH, 1992).

2 Diabetes UK recommend that all women with diabetes planning a pregnancy should also take a 5mg dose of
folic acid daily.
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Recommended upper intake levels for folic acid in the
USA, Europe, and the UK
85.

No adverse effects have been reported with consumption of high amounts
of natural folates found in food (Butterworth and Tamura, 1989). Concerns
regarding the safety of high intakes are restricted to folic acid.
USA

86.

In 1998, the Food & Nutrition Board (FNB) of the Institute of Medicine (IOM)
in the USA reviewed the potential hazards of high intakes of folic acid (FNB,
1998) on: neurological impairment in individuals with vitamin B12 deficiency,
general toxicity, reproduction and development, carcinogenicity,
hypersensitivity, and intestinal zinc absorption. The most serious potential
adverse effect of excessive intakes of folic acid was considered to be
progression of neurological symptoms in individuals with vitamin B12
deficiency and this was used as the critical endpoint to set a Tolerable Upper
Intake Level3 (UL).

87.

Case-reports of patients with vitamin B12 deficiency who showed
development or progression of neurological complications following oral
administration of folic acid were used to evaluate a dose-response
relationship. A lowest observed adverse effect level (LOAEL) of 5mg was set,
based on evidence that at doses of 5mg/day of folic acid there were over 100
reported cases of neurological progression; at doses below this amount, only
8 documented cases were found. An uncertainty factor (UF) of 5 was applied
to the LOAEL because of the severity of the neurological complications
observed and because a LOAEL rather than a no observed adverse effect
level (NOAEL) was used to derive the UL. The LOAEL of 5mg/day was
divided by the UF of 5 to obtain the UL of 1mg/day for adults. As no data
were available on adverse effects for other life stage groups, ULs for children
were extrapolated from the UL for adults on the basis of relative body weight
(see Table 22, Annex 4).
Europe

88.

18

In 2000, the European Scientific Committee on Food (SCF) set a UL for folic
acid of 1mg/day for adults (SCF, 2000). The effects of high intakes of folic acid
were considered in relation to the following safety issues: modification of

3 The Tolerable Upper Intake Level represents the highest level of daily nutrient that is likely to pose no risk of
adverse health effects for almost all individuals in the general population.
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vitamin B12 deficiency (masking of haematological symptoms/exacerbation of
neurological symptoms), epileptogenic and neurotoxic effects, efficacy of
folate antagonists used in chemotherapy, zinc absorption/status,
carcinogenicity, and hypersensitivity.
89.

The UL of 1mg/day for adults was based on the risk of progression of
neurological symptoms in vitamin B12 deficient patients as the most serious
adverse effect. It was concluded that in nearly all studies showing
neurological relapse, dose levels of folic acid were above 5mg/day and data
on the effect of dose levels of 1-5mg/day were limited to a few cases. The
SCF set a LOAEL of 5mg/day and concluded that doses up to 1mg/day were
unlikely to cause masking of the haematological signs seen with pernicious
anaemia. ULs for children were set on the basis of body weight (see Table 23,
Annex 4).
UK

90.

In 2003, the Expert Group on Vitamins and Minerals (EVM) reported on safe
levels of intake for vitamins and minerals in food supplements and fortified
foods in the UK (EVM, 2003). Safe Upper Levels4 (SULs) were set when
supported by adequate data. A Guidance Level (GL), which represents an
approximate indication of intakes that would not be expected to cause
adverse effects, was set when there were insufficient data to determine a
SUL. The EVM did not set a SUL for folic acid intake as the available evidence
on adverse effects of folic acid were not considered to be sufficiently robust.
A GL of 1mg/day was set for folic acid based on concerns that intakes above
this level may mask signs of vitamin B12 deficiency. GLs were not set for
children as there were no data reporting adverse effects in children.

4 The Safe Upper Level represents intakes that can be consumed over a lifetime without significant risk to health.
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4

Dietary intakes and status of
folate, vitamin B2, vitamin B6
and vitamin B12 in the UK

91.

Data on dietary intakes and status were obtained from the British National
Diet and Nutrition Surveys (NDNS) of adults aged 19-64 years (Henderson et
al, 2003; Ruston et al, 2004), people aged 65 years and older (Finch et al,
1998), young people aged 4 to 18 years (Gregory et al, 2000), and children
aged 1 1/2 to 4 1/2 years (Gregory et al, 1995).

92.

In the NDNS series, dietary intake was assessed by weighed records of all
foods consumed over: 7 consecutive days for adults aged 19-64 years and
young people aged 4-18 years; 4 consecutive days for adults aged 65 years
and over and children aged 1 1/2 to 4 1/2 years.

93.

Data from these surveys were compared against the DRVs for the different
age groups of the population.

Folate intake and status
Measurement of folate status
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94.

Red cell folate concentration is considered to be a better measure of long
term folate status than serum folate because it reflects body stores at the
time of red cell synthesis; serum folate concentrations reflect recent dietary
intake. Analytical methods used to assess folate status are usually based on
microbiological or radioimmunoassay; other methods include
chemiluminescence, magnetic separation, ion capture and tandem mass
spectrometry.

95.

For all age groups in the NDNS series (from 4 years and above), red cell folate
concentration below 230nmol/L (101µg/L) was considered severely deficient
and concentrations between 230-345nmol/L (101-152µg/L) were considered
to be indicative of marginal status (Sauberlich, 1974). The normal range for
serum folate concentration in adults was considered to be between 746nmol/L (3-20µg/L) (Dacie & Lewis, 1995). These cut-offs and ranges were
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originally derived from studies using a microbiological assay. A normal range
of values has not been defined for children under 4 years.
96.

In the NDNS series, different analytical methods were used to assess folate
status in the different surveys: for adults aged 19-64 years and young people
aged 4-18 years, the Abbot IMx fluorescence polarization method was used; for
people aged 65 years and older, a microbiological assay was used to measure
serum folate concentrations and a radioassay (Biorad Quantaphase II) was used
for red cell folate concentrations; for children aged 1 1/2 - 4 1/2 years, a radioassay
(Biorad Quantaphase I) was used to measure blood folate concentrations.

97.

There is substantial analytical variation between the different assay methods.
Several studies have reported different results between microbiological and
radioassays (McGown et al, 1978; Shane et al, 1980; Brown et al, 1990).
Interlaboratory comparisons of serum and red cell folate concentrations
using 4 different assay methodologies showed considerable variation
between the different methods (overall coefficient of variation 18-41%) and
between different laboratories using a similar assay kit/protocol (van den
Berg et al, 1994). Gunter et al (1996) also showed large intra- and intermethod
variations among 20 participating laboratories using 7 different types of assay
analysing a common series of serum and whole blood pools. The greatest
variations were found at low and high concentrations of folate.

98.

The agreement between the different assays is also dependent on the
composition of the blood sample used for folate measurement and the
genotype of the individual. It has been demonstrated that the radioassay
under-recovers 5-MTHF but correctly recovers folic acid (Blackmore et al,
2005); differential recovery was also observed for other reduced folate forms.

99.

As folate status measurements are dependent on the assay method used and
because different methods have been used for different population samples,
it is not possible to make direct comparisons of folate status or population
mean levels between different age groups in the UK or with population
samples from other other countries, for example, in the USA.
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Adults aged 19-64 years

22

100.

The mean daily intakes of folate were above the RNI in both men (359µg/day)
and women (292µg/day). Less than 0.5% of men and 2% of women had
intakes below the LRNI.

101.

Average serum folate concentrations were 20.8nmol/L (9.2µg/L) for men and
22.1nmol/L (9.8µg/L) for women; average red blood cell folate
concentrations were 694nmol (306µg/L) for men and 685nmol/L (302µg/L)
for women.

102.

Although the average folate intakes were greater than the RNI, 5% of all men
and women, 8% of women aged 19-24 years, 4% of women aged 25-34 years,
and 5% of women aged 35-49 years had red blood cell folate concentrations
less than 350nmol/L (154µg/L) indicating an increased risk of marginal status.

103.

A woman's risk of having a child with an NTD has been reported to be
associated with red cell folate concentrations during early pregnancy (15
weeks gestation), in a continuous dose-response relationship (Daly et al,
1995). Concentrations below 340nmol/L (150µg/L) were associated with a
relatively high risk and concentrations above 906nmol/L (400µg/L) were
associated with a relatively low risk. In the NDNS, the average red blood cell
folate concentrations of women aged 19-24 years, 25-34 years and 35-49 years
were 575nmol/L (254µg/L), 630nmol/L (278µg/L) and 691nmol/L (305µg/L)
respectively. The incidence of NTD-affected pregnancies in England and
Wales is higher in younger women, which corresponds to the lower folate
status in this group (Botting, 2001).

104.

Comparison of NDNS levels with those reported by Daly et al (1995) might
suggest that women of childbearing age in the UK are at intermediate risk of
NTD-affected pregnancies. However, the microbiological assay was used by
Daly et al (1995) and the Abbot IMx fluorescence polarization method was
used in the NDNS. In addition, red cell folate concentrations in the Daly et
al (1995) study were measured in pregnancy at 15 weeks gestation, when they
are lower because of haemodilution and may therefore underestimate the
risk of NTD affected pregnancies. The magnitude of the association between
red cell folate and NTD risk may also be confounded by the link between red
cell folate and general nutritional status (Kirke et al, 1992). For these reasons,
it is not possible to make direct comparisons of red cell folate concentrations
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of non-pregnant women in the NDNS with those of pregnant women
reported by Daly et al (1995).
105.

The estimated numbers of NTD-affected pregnancies ascertained in the UK
are shown in Tables 24-27 (Annex 5).
Adults aged 65 years and over

106.

In free-living people aged 65 years and over, mean daily intakes of folate were
279µg/day for men and 220µg/day for women. One percent of men and 5%
of women had intakes below the LRNI (100µg/day). In institutionalised
people mean daily intakes of folate were 235µg/day for men and 200µg/day
women; 4% of men and 5% of women had intakes below the LRNI.

107.

Average serum folate concentrations for free-living people were 15.3nmol/L
(6.8µg/L) for men and 16.5nmol/L (7.3µg/L) for women; for institutionalised
people, average serum folate concentrations were 9.7nmol/L (4.3µg/L) for
men and 12.5nmol/L (5.5µg/L) for women. Average red blood cell folate
concentrations for free-living people were 495nmol (219µg/L) for men and
501nmol/L (221µg/L) for women; in institutions, red blood cell folate
concentrations were 449nmol/L (198µg/L) for men and 542nmol/L
(239µg/L) for women.

108.

Among free-living older people, 21% had red blood cell folate concentrations
indicative of marginal status, and 8% had red blood cell folate concentrations
indicating folate-deficiency. In the institutionalised people, 19% had red
blood cell folate concentrations indicative of marginal status, and 16% had a
red blood cell folate concentration indicating folate-deficiency. However,
these values need to be interpreted with caution because of assay
differences (see paragraphs 95-99).
Young people aged 4-18 years

109.

For young people aged 4-18 years, mean daily intakes of folate (242µg boys;
197µg for girls) were above the RNI. Less than 1% of boys and 3-4% of girls over
11 years of age had intakes below the LRNI; at ages 4-11 years, only girls
between 7-10 years had intakes below the LRNI. In the age range 4-11 years,
2% of girls aged 7-10 years had intakes below the LRNI.
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110.

Average serum folate concentrations were 21.7nmol/L (9.6µg/L) for boys and
20.6nmol/L (9.1µg/L) for girls; average red blood cell folate concentrations
were 626nmol (276µg/L) for boys and 573nmol/L (253µg/L) for girls.

111.

Seven percent of boys and 9% of girls had red blood cell folate
concentrations indicative of marginal status. No more than 1% of any age/sex
group had red blood cell folate concentrations indicating folate deficiency.
Children aged 1 1/2 - 4 1/2 years

112.

For children aged 1 1/2 -4 1/2 years, the mean daily intakes of folate (132µg) were
above the RNI in all age and sex groups. One percent of boys and girls under
4 years of age had intakes below the LRNI.

113.

Average plasma folate concentrations were 20.9nmol/L (9.2µg/L) for boys
and 21.3nmol/L (9.4µg/L) for girls; average red blood cell folate
concentrations were 934nmol (412µg/L) for boys and 894nmol/L (395µg/L)
for girls.

114.

Two percent of children had red blood cell folate concentrations of less than
400nmol/L (177µg/L).
Summary

115.

The average daily folate intakes were above the RNI in all age groups. Evidence
of marginal folate status in young women and people aged 65 years and over
has been reported but there is considerable variability in the analytical
methods used to assess blood folate concentrations. 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 and surveys. In
the NDNS series, different methods were used to assess folate status for the
various age groups. Results determined by different methods may not be
comparable and should be interpreted with caution.

Vitamin B2 (riboflavin) intake and status
116.

24

The in vitro activation coefficient of erythrocyte glutathione reductase
(EGRAC) is a measure of red blood cell glutathione reductase saturation with
its vitamin B2 derived cofactor, flavin adenine dinucleotide. An activation
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coefficient between 1-1.3 is generally regarded as normal and an activation
coefficient greater than 1.3 is indicative of a marginal status.
117.

An activation coefficient of >1.2 was originally proposed to define marginal
vitamin B2 status (Glatzle et al, 1970). Subsequent revisions to the
methodology (Thurnham et al, 1972; Thurnham & Rathakette, 1982) may have
resulted in a systematic increase in activation coefficients and the adoption
of an activation coefficient of >1.3 to define marginal vitamin B2 status.
Further increases in activation coefficients may have also occurred as a
consequence of methodological changes to the EGRAC assay.
Adults aged 19-64 years

118.

Mean daily vitamin B2 intakes (men 2.3mg; women 2.0mg) were above the RNI
(men, 1.3mg/day; women, 1.1mg/day) in all age and sex groups. Daily vitamin
B2 intakes below the LRNI (0.8mg/day) were found in 7% and 13% of men and
women aged 19-24 years respectively, and in 10% of women aged 25-34 years.
In older age groups, 2% of men and 5% of women aged 35-64 years had daily
vitamin B2 intakes below the LRNI.

119.

Based on the EGRAC, two-thirds of adults had marginal vitamin B2 status.
The proportion of men and women with marginal status decreased with age:
from 82% in men aged 19-24 years to 54% in those aged 50-64 years; and from
77% in women aged 19-24 years to 50% in those aged 50-64 years.
Adults aged 65 years and over

120.

Mean daily intakes of vitamin B2 were above the RNI in free-living (1.78mg)
and institutionalised (1.69mg) people. In free living people daily intakes were
below the LRNI (0.8mg/day) in 5% of men and 9% of women. In women over
85 years of age, 15% had intakes below the LRNI. In institutionalised people
daily intakes below the LRNI were found in 3% of men and women. In women
over 85 years of age 6% had intakes below the LRNI. Based on the EGRAC,
41% of free-living adults had marginal status for vitamin B2 and in
institutionalised people, 41% of men and 32% of women had marginal vitamin
B2 status.
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Young people aged 4-18 years
121.

Mean daily intakes of vitamin B2 (boys 1.7mg; girls 1.4mg) were above the RNI
(0.8-1.3mg/day) in all sex/age groups. Intakes were below the LRNI (0.40.8mg/day) in 6% of boys and over 20% of girls in the 11-18 year age group.
Marginal status for vitamin B2, based on EGRAC, was found in 75% of boys
and 87% of girls.
Children aged 1 1/2 -4 1/2 years

122.

Mean daily intakes of vitamin B2 (1.2mg) were above the RNI (0.6-0.8mg/day)
in all sex and age groups. Less than 1% of children had intakes below the LRNI
(0.3-0.4mg/day) for vitamin B2. Marginal status for vitamin B2, based on
EGRAC, was found in 14% of children aged 1 1/2 -2 1/2 years, 29% of those aged
2 1/2 -3 1/2 years and 38% of those aged 3 1/2 -4 1/2 years.
Summary

123.

Evidence from NDNS data indicates that lower intakes of vitamin B2 and
marginal vitamin B2 status are widespread in all age groups, particularly in
women, girls, and boys. A relatively high proportion of females aged 11-34
years and adults over 65 years had daily vitamin B2 intakes below the LRNI.
A relatively high proportion of males aged 11-24 years also had daily vitamin
B2 intakes below the LRNI.

124.

There was a strong inverse correlation between riboflavin intakes and EGRAC
values in the NDNS. Both dietary riboflavin intakes and EGRAC values
highlight the high proportion of young people with marginal riboflavin status.

125.

There has been some uncertainty about the most appropriate level to set the
activation coefficient in defining marginal status. The activation coefficient
used to define marginal vitamin B2 status needs to be re-evaluated.

Vitamin B6 intake and status
126.
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The erythrocyte aspartate aminotransferase activation coefficient (EAATAC) is a
measure of red blood cell aspartate aminotransferase saturation with its
vitamin B6-derived cofactor, pyridoxal phosphate. In the NDNS, EAATAC values
above 2.00 were considered to be indicative of marginal status in adults.
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Adults aged 19-64 years
127.

Mean daily vitamin B6 intakes (men 3.3mg; women 2.9mg) were above the RNI
(men, 1.4mg/day; women, 1.2mg/day) in all age and sex groups. Intakes below
the LRNI (men, 1.0mg/day; women, 0.8mg/day) were found in 1% of men and
2% of women; 5% of women aged 19-24 years had an average intake below
the LNRI. Ten per cent of men and 11% of women had marginal status for
vitamin B6 based on the EAATAC.
Adults aged 65 years and over

128.

Mean daily intakes of vitamin B6 were above the RNI in free-living (2.1mg) and
institutionalised (1.7mg) older people. For free-living people, daily intakes
below the LRNI were found in 1% of men and 6% of women aged over 85
years. For institutionalised people, daily intakes below the LRNI were found
in 1% of men and less than 0.5% of women aged over 85 years. The EAATAC
was not measured. However, two other biochemical markers of vitamin B6
status, pyridoxal phosphate and pyridoxic acid, were measured in plasma
samples from this survey (Bates et al 1999). The results suggest a high
prevalence of poor vitamin B6 status, with 47% of free-living people and 75%
of those living in institutions having a pyridoxal phosphate concentration
below a range considered normal from other studies.
Young people aged 4-18 years

129.

Mean daily intakes of vitamin B6 (boys 2.2mg; girls 1.8mg) were above the RNI
(0.9-1.5mg) in all sex and age groups. Intakes were below the LRNI (0.6-1.1mg)
for vitamin B6 in 1% of boys aged 11-14 years, 1% of girls aged 7-14 years and 5%
of girls aged 15-18 years. Marginal vitamin B6 status, indicated by raised
EAATAC, was found in 10% of boys and girls.
Children aged 1 1/2 -4 1/2 years

130.

Mean daily intakes of vitamin B6 (1.2mg) were above the RNI (0.7-0.9mg/day)
in all sex and age groups. Intakes were below the LRNI (0.5-0.7mg/day) for
vitamin B6 in 1% of children aged under 4 years and 5% in those aged over 4
years. The EAATAC was not measured.

27

Folate and Disease Prevention

Summary
131.

Most age and sex groups had adequate vitamin B6 intakes, but a relatively
high proportion of females aged 15-24 years, and over 65 years, had intakes
below the LRNI. Evidence of poor vitamin B6 status was found in 10% of
people aged 4-64 years. A higher prevalence of poor vitamin B6 status, of at
least 47%, was indicated for adults aged 65 years and over.

Vitamin B12 (cobalamin) intake and status
132.

In the NDNS series, poor vitamin B12 status was defined as a serum vitamin
B12 concentration of <118pmol/L.
Adults aged 19-64 years

133.

Mean daily vitamin B12 intakes (men 6.8µg; women 5.1µg) were above the RNI
(1.5µg) in all age and sex groups. Intakes below the LRNI (1.0µg/day) were
found in less than 0.5% of men and 1% of women. Mean serum vitamin B12
concentrations were 298pmol/L and 288pmol/L in men and women
respectively. About 4 % of women, and 2% of men aged 35-49 years and 3%
of men aged 50-64 years, had serum vitamin B12 concentrations below
118pmol/L.
Adults aged 65 years and over
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134.

Mean daily intakes of vitamin B12 were above the RNI in free-living (5.2µg) and
institutionalised (4.7µg) older people. In the free-living people less than 0.5%
of men and 1% of women had a daily intake below the LRNI. None of the
institutionalised older people had a daily intake below the LRNI.

135.

Mean serum vitamin B12 concentrations were 237pmol/L and 239pmol/L in
the free-living and institutionalised groups respectively. Six percent of the
free-living group and 9% of the institutionalised group had serum vitamin B12
concentrations below 118pmol/L. A subsequent analysis of the same
samples (Bates et al, 2003) which measured plasma concentrations of
methylmalonic acid (MMA), another marker of vitamin B12 status, suggested
that 24% of the free-living and 46% of the institutionalised particpants were
at risk of low vitamin B12 status (see paragraphs 204 and 206).
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Young people aged 4-18 years
136.

Mean daily intakes of vitamin B12 (boys 4.4µg; girls 3.4µg) were above the RNI
(0.8-1.5µg) in all sex and age groups. Intakes were below the LRNI (0.5-1.0µg)
for vitamin B12 in 1% of girls aged 7-14 years and 2% of girls aged 15-18 years.
Mean serum vitamin B12 concentrations were 403pmol/L in boys and
395pmol/L in girls. One percent of boys aged 15-18 years and 8% of girls aged
15-18 years had serum vitamin B12 concentrations below 118pmol/L.
Children aged 1 1/2 -4 1/2 years

137.

Mean daily intakes of vitamin B12 (2.8µg) were above the RNI (0.7-0.8µg) in all
sex and age groups. There were no intakes below the LRNI (0.3-0.5µg). Mean
serum vitamin B12 concentrations were 632pmol/L in boys and 639pmol/L in
girls. Two percent of children had serum vitamin B12 concentrations below
250pmol/L.
Summary

138.

There was no evidence of inadequate vitamin B12 intakes. However, serum
concentrations of this vitamin indicated poor vitamin B12 status in older
adults, which may reflect an increased prevalence of malabsorption of
vitamin B12 in this age group (see section 6).
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5

Folate and neural
tube defects

139.

NTDs include anencephaly, spina bifida, and encephalocele. The
development and closure of the neural tube, which forms into the brain and
spinal cord, is normally completed within 28 days after conception. NTDs are
thought to be caused by failure of the neural tube to close.

140.

There is conclusive evidence from RCTs that folic acid supplementation can
prevent NTDs (MRC Vitamin Study Research Group, 1991; Czeizel & Dudas,
1992). Folate status is associated with risk of NTDs in an inverse doseresponse relationship (Daly et al, 1995). The available evidence for the
relationship between folate status and NTDs is reviewed in the COMA report,
Folic acid and the prevention of disease (DH, 2000).

Genetic aspects of NTD risk
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141.

NTD risk has also been associated with variants in a number of the genes
coding for enzymes involved in folate metabolism.

142.

A relatively common autosomal recessive gene variant (677 C➝T) affects the
enzyme methylene tetrahydrofolate reductase (MTHFR) resulting in reduced
activity. Homozygosity (TT) for this mutation is associated with increased risk
of NTDs (Ou et al, 1996; Botto et al, 1999) and an approximate doubling of the
risk for spina bifida (Botto & Yang, 2000). There is considerable ethnic and
geographical variation in the frequency of the C677T variant. The highest
frequency (20% or more) is found in US Hispanics, Italians, Columbians and
American Indians in Brazil and lowest (only a few percent) in black Africans
and African-Americans (Botto & Yang, 2000). In Caucasian populations in
Europe, Australia, and North America, the frequency of the homozygous TT
genotype, is 8-20%, (Sharp & Little, 2004). In the UK, the prevalence of
homozygosity for the MTHFR TT variant has been reported as 10% for whites,
1% in people of African origin, and 2% in South Asians (Cappuccio et al, 2002).

143.

Variants in methylenetetrahydrofolate dehydrogenase 1 (MTHFD1) G1958A
and human folate carrier (RFC-1) A80G have also been reported to contribute
to NTD susceptibility, for example, in the Italian population (De Marco et al,
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2001; De Marco et al, 2003; De Marco et al, 2006) and in an Irish population
(Brody et al, 2002). In addition, the risk of NTD was found to be elevated in
infants carrying mutant alleles for both methionine synthase reductase
(MTRR) and methionine synthase (MTR) (Zhu et al, 2003). It has also been
proposed that interactions between genes involved in folate metabolism may
be important in determining genetic susceptibility to NTD and three
genotype combinations (MTRR/GCPII; MTHFR 677/CbetaS; MTHFR
677/MTRR) have been reported to increase NTD risk (Relton et al, 2004).
Other factors associated with NTD risk
144.

Women with a history of a previous pregnancy affected by an NTD have a
higher risk of another NTD-affected pregnancy. Women with diabetes are at
increased risk of NTD-affected pregnancies (Becerra et al, 1990) and increased
maternal weight has also been associated with greater risk of NTD-affected
pregnancies (see paragraphs 182-183).

145.

It is estimated that approximately 30% of NTD-affected pregnancies may not
be responsive to changes in folic acid intake (MRC Vitamin Study Research
Group, 1991).

The use of folic acid supplements in pregnancy in the UK
146.

The critical period for folic acid supplementation is before closure of the
neural tube, i.e. in the first 28 days following conception.

147.

To prevent first occurrence of NTD, the Department of Health recommends
that all women who could become pregnant should take 400µg folic acid per
day as a medicinal or food supplement prior to conception until the twelfth
week of pregnancy (DH, 1992). To prevent recurrence of NTD in the offspring
of women or men with spina bifida themselves, or with a history of a
previous child with an NTD, a dose of 5mg/day is advised. Diabetes UK also
recommends that all women with diabetes should take 5mg/day before
conception and during the first 12 weeks of pregnancy.

148.

The Health Survey of England 2002 (Blake et al, 2003) provides the most upto-date information on the use of folic acid supplements prior to and during
pregnancy. Information on folic acid supplement intake prior to pregnancy
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was collected from mothers who had planned their pregnancy and
comprised two-thirds of the interviewed sample.
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149.

Of those mothers who reported planning their pregnancy, over half (55%)
reported taking supplements or modifying their diet to increase folate
intake before they became pregnant. Seventy-nine percent of mothers
reported increasing their folate intake during pregnancy. The proportion of
mothers taking action to address folate intake increased with age from 32%
(16-24 years) to 60% (35 years and over). Only 43% of mothers in the most
socio-economically deprived areas were likely to increase their folate
intake compared to 70% of mothers from the least socio-economically
deprived areas.

150.

The Infant Feeding Survey 2000 (Hamlyn et al, 2002), which covers the UK, is
based on retrospective postpartum interviews and has reported similar
findings to the Health Survey. Seventy-three per cent of mothers questioned
(compared to 50% in 1995) indicated that they had taken folic acid
supplements and 31% (compared to 26% in 1995) had modified their diets to
increase their folate intake in early pregnancy. Information was not available,
however, on when action to increase folate intakes had been taken (pre/postconception). The Infant Feeding Survey also indicates that the uptake of folic
acid supplements did not differ between countries, although mothers in
Scotland were more likely to modify their diets to increase folate intakes (34%
compared to 31% in England & Wales and 28% in Northern Ireland).

151.

The COMA review of the Welfare Food Scheme in the UK (DH, 2002), which
provides free vitamin supplements to beneficiary population groups,
considered whether free provision of periconceptional folic acid
supplements might improve uptake in pregnant women from these groups. It
was noted that the uptake of other supplements by groups eligible under the
scheme was poor. COMA recommended that the composition of free
vitamin supplements (vitamins A, C & D) available to pregnant women
through the Scheme should be reviewed, that a supplement providing folic
acid, vitamins D and C and omitting vitamin A would be preferable to the
current preparation, and steps should be taken to improve the uptake of
vitamin supplements.
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152.

The efficacy of European Union (EU) policies recommending women to
consume folic acid supplements to reduce NTD-affected pregnancies has
been questioned (Botto et al, 2005; Busby et al, 2005). Botto et al (2005)
examined the rates of NTD-affected pregnancies between 1988 and 1998 in 11
EU countries and observed that they were unaffected by recommendations
for women to consume folic acid supplements. In England and Wales, a
decline in NTD-affected pregnancies was observed between 1988 and 1998
but the recommendation in 1992, for women to consume folic acid
supplements, had no detectable impact on the rate of NTD-affected
pregnancies. Analysis of NDNS data (Henderson et al, 2003) indicates that
uptake of supplements is greater in people with higher intakes of
micronutrients from foods. It is possible that folic acid supplements are
taken during pregnancy by women with the best folate status who are also at
lowest risk of an NTD-affected pregnancy.

NTD-affected pregnancies in the UK
153.

Reported numbers of NTD-affected pregnancies in England and Wales (19922004), Wales (1998-2004), Scotland (1992-2003) and the reported number of
NTD-affected births in Northern Ireland (1992-2003) are provided in Tables
24-27, Annex 5.
Ascertainment in England and Wales

154.

In England and Wales, data for NTD-affected live and stillbirths are collated
through the National Congenital Anomaly System (NCAS) which is managed
by the Office for National Statistics (ONS). NCAS is a composite of data from
two different reporting systems, use of which varies within regions.
Notification to NCAS is voluntary and most information is supplied by local
community trusts or health authorities; since 1998, however, local congenital
anomaly registers have started to provide data to NCAS. Local registers
ascertain cases from multiple sources resulting in a notable increase in the
notification rates for areas that are covered by them. The two main problems
with data reported to NCAS are under-notification and diagnostic
misclassification (Botting, 2001). Completeness of reporting varies according
to the type of condition being notified; for example, cases of anencephaly
and spina bifida, which are readily visible conditions, tend to be more
completely reported compared to some less visible conditions. The ONS
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(2004) have estimated that approximately two-thirds of anencephaly and
spina bifida cases were notified through NCAS.
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155.

Levels of reporting also vary according to region. Boyd et al (2005) compared
NCAS data with four local congenital anomaly registers, covering about
109,000 births annually, and found that NCAS registered 68% of NTDaffected births. From 1991-1999, the four local registers recorded 1041 cases
of NTD-affected pregnancies (including therapeutic terminations), which
included 176 NTD-affected births compared to 119 NTD-affected births
recorded by NCAS. In areas where notification has been assigned to the local
register, e.g. in Wales, substantial improvements in ascertainment have been
achieved since 1997 (Botting, 2000).

156.

One limitation of NCAS is that it does not include therapeutic termination
data. Termination of pregnancy for fetal handicap was not legally possible
when NCAS started (1964) so terminations were not included. This could be
one reason why notifications of congenital anomalies fell in the 1980s and
1990s. Termination data are collected by the Department of Health but these
data have not been validated for their completeness or accuracy of diagnosis
(Boyd et al, 2005). Since the Abortion Act of 1967, the ONS, and its
predecessors, have included both NCAS data and therapeutic termination
data reported from the Department of Health in summary tabulations of
congenital anomalies. In England and Wales in 2003, there were 418 notified
births, stillbirths and therapeutic terminations due to NTD anomalies; this
comprised 121 NTD-affected births and 297 therapeutic terminations (see
Table 24, Annex 5).

157.

Another issue is the under-reporting of NTD terminations. Murphy et al
(1996) compared the national NTD-affected pregnancy rates (birth and
termination rates combined), based on data from the Office of Population
Censuses and Surveys (OPCS) with those in Oxfordshire and Berkshire, where
rates were fully reported, between 1974 and 1994. They estimated that,
between 1974-1990, under-reporting of NTD-affected pregnancy rates (birth
and termination rates combined) to OPCS was 34%.

158.

Morris & Wald (1999), making a number of assumptions, including a constant
rate of NTD-affected pregnancies between 1976-1980, estimated the level of
under-reporting of NTD-affected pregnancy terminations to be 56%.
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159.

Data from the Congenital Anomaly Register and Information Service for
Wales (CARIS) are only available from 1998 (see Table 25, Annex 5). Data
reported to CARIS is much more complete as multiple sources are used to
collect information on NTD-affected pregnancies. Comparison of the
separate data for NTD reported terminations in Wales shows that
termination rates are much higher than suggested by the combined NCAS
data for England and Wales (Table 24, Annex 5).

160.

Assuming under-reporting of 34% for NTD affected pregnancies (births and
terminations combined) (Murphy et al, 1996) it can be estimated that there
were 633 NTD-affected pregnancies in England and Wales in 2003.

161.

Assuming under-reporting of NTD-affected births (32%) (Boyd et al, 2005) and
NTD-reported terminations (56%) (Morris & Wald, 1999) it can be estimated
that there were 853 NTD-affected pregnancies (178 NTD-affected births and
675 NTD-affected terminations) in England and Wales in 2003.

162.

Taking account of both the above estimates for under-reporting, there were
approximately 630-850 NTD-affected pregnancies in England and Wales in
2003. Approximately 70% of these were managed by terminations.
Ascertainment in Scotland

163.

In Scotland the Information and Statistics Division of the National Health
Service Scotland collates data on NTD-affected pregnancies from a number of
independently recorded patient databases. Only singleton births are currently
included and multiple births are excluded. The Scottish Birth Record, which
will include data on multiple births, is in the process of being introduced.

164.

The rate of NTD-affected pregnancies is higher in Scotland compared to
England and Wales.

165.

In Scotland there were 49 NTD-affected pregnancies in 2003 (see Table 26,
Annex 5). Approximately 50% of these pregnancies were managed by
terminations. The completeness of ascertainment of NTD-affected
pregnancies in Scotland has not been reported.
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Ascertainment in Northern Ireland
166.

Data for Northern Ireland are collected by 4 separate regional health boards.
Data are only available for NTD-affected births as terminations are not
legalised. The rate of NTD-affected births is much higher in Northern Ireland
compared to England and Wales, and Scotland. It is not clear how far this is
a result of genetic factors or because abortions are not permitted in
Northern Ireland.

167.

In Northern Ireland, there were 11 NTD-affected births in 2003 (see Table 27,
Annex 5). The extent of under-reporting in Northern Ireland is unknown.
Summary
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168.

The available data on the number of NTD-affected pregnancies (births and
terminations) are insecure. This is mainly because there are major difficulties
in obtaining accurate ascertainment due to under-reporting of births and
terminations affected by NTDs.

169.

The available data on NTD-affected pregnancies represent baseline
estimates. The actual numbers of NTD-affected pregnancies are likely to be
higher than these estimates because of under-reporting.

170.

Using different methods to adjust for under-reporting, it can be estimated
that there were 630-850 NTD-affected pregnancies in England and Wales in
2003. There were 49 NTD-affected pregnancies in Scotland and 11 NTDaffected births in Northern Ireland in 2003. The extent of under-reporting in
Scotland and Northern Ireland is unknown.

171.

In the UK, there were approximately 700-900 NTD-affected pregnancies in
2003. This figure takes account of potential under-reporting in England and
Wales but does not take account of under-reporting in Scotland and
Northern Ireland.

172.

In 2003, approximately 70% of the NTD-affected pregnancies in England and
Wales and 50% of the NTD-affected pregnancies in Scotland were managed
by terminations.
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Trends in NTD-affected pregnancies
173.

The ONS has reported trends in NTD-affected births in England and Wales
from 1975-1999 (Botting, 2001). There has been a constant decline in NTDaffected births since the 1970s until the 1990s from 26.9 per 10,000 live and
stillbirths in 1975-79, 5.1 per 10,000 live and stillbirths in 1985-89, to 1.5 per
10,000 live and stillbirths in 1995-1999. Regional congenital anomaly registers
detected no decline in NTD-affected pregnancies during the 1990s (Abramsky
et al, 1999).

174.

From 1975-1999, NTD rates for women under 20 years have been consistently
higher than for older age groups (Botting, 2001). By 1995-99 NTD rates were
lowest for women 40 years and over which is probably due to improved
prenatal diagnosis in this age group.

175.

NTDs account for about 70% of central nervous system (CNS) anomalies.
Improved prenatal screening has resulted in a higher proportion of NTDaffected pregnancies being identified and terminated. Separate data for
NTD-reported terminations were not routinely available until 1995 (see Table
24, Annex 5). In England and Wales, the proportion of pregnancies
terminated for all notified CNS anomalies increased from 1.5% in the 1970s to
40% in the mid-1980s and over 60% from 1991 onwards (Botting, 2001). In
1997, CNS anomaly-affected live births were one tenth of those in the mid1960s; this was due to both an increase in terminations of CNS anomalyaffected pregnancies and also a decrease in the prevalence of CNS anomalyaffected pregnancies. Based on their estimates of under-reporting of NTDaffected pregnancies, Morris & Wald (1999) estimated that 40% of the decline
in NTD-affected births between 1970 and 1997 was due to therapeutic
terminations and 56% was due to a decline in incidence.

176.

Statistics reporting trends in NTD-affected pregnancies in Scotland (see Table
26, Annex 5) show that rates were constant during the 1990s although there
may have been a downward trend from the late 1990s onwards in the
numbers of NTD-affected births. Prior to the 1990s, registers in Scotland
reported a constant decline in NTD-affected pregnancies since the 1960s,
which is similar to that observed in England and Wales (Murphy et al, 2000).

177.

There was no observed trend in NTD-affected births during the 1990s in
Northern Ireland (Table 27, Annex 5).
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Relation between trends in NTD-affected pregnancies and folate intake
178.

Increased folate intake has been suggested as one possible explanation for
the fall in NTD-affected pregnancies in England and Wales between the 1980s
and 1990s (Murphy et al, 2000). Estimates of average daily folate intakes from
the National Food Survey (based on household food purchase patterns for
England, Scotland, Wales and Northern Ireland) show that between 1980 and
1990, average intakes increased by about 30-40µg/day in the UK, from
approximately 200µg/day to 240µg/day. The increase in average folate
intakes in the UK during the mid-1980s coincided with the increased
fortification of breakfast cereals during the period 1985-1991. There are no
estimates of average daily folate intakes prior to 1980.

179.

The NDNS of adults shows an increase in average folate intakes of women,
from 219µg/day in 1986/7 (Gregory et al, 1990) to 292µg/day in 2000/1
(Henderson et al, 2003).

180.

The decline in rates of NTD-affected pregnancies in England and Wales
predates government advice about the benefits of periconceptional
supplementation with folic acid to prevent NTDs (DH, 1992). Despite surveys
showing an increased awareness of the benefit of periconceptional
supplementation with folic acid among women of childbearing age
(particularly among older women) during the 1990s, there has been no
corresponding decline in the incidence of NTD-affected pregnancies (Botting,
2001). This may be because folic acid supplements were not consumed
during the periconceptional period which is necessary if they are to be
efficacious. Supplement consumption may also be greater for women with
higher intakes of micronutrients from foods (Henderson et al, 2003) who are
also at lowest risk of an NTD-affected pregnancy.

181.

It is estimated that half of all pregnancies in the UK are unplanned (DH, 2000),
which limits the value of recommendations for pre-conceptional
supplementation.
Maternal weight and NTD-affected pregnancies

182.

38

Case-control studies have suggested that pre-pregnancy Body Mass Index
(BMI) greater than 30 is associated with an increased risk of NTD-affected
pregnancies (Werler et al, 1996; Watkins et al, 1996; Shaw et al, 1996). In
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Canada, a retrospective population-based study of 420,362 women who
underwent antenatal screening between 1994 and 2000 detected 292 open
NTDs (Ray et al, 2005a). Maternal weight was positively associated with risk
of NTDs. When comparing the highest with the lowest quartile of maternal
weight, the adjusted odds ratio for NTD-affected pregnancies was 2.6 (95% CI
1.8-4.0). Women of increased weight remained at significantly higher risk of
NTD-affected pregnancies than those in lower weight categories, despite the
introduction of mandatory fortification of staple foods with folic acid.
183.

Lower serum folate concentration has been suggested as a possible reason
for the link between higher maternal BMI and increased risk of NTD-affected
pregnancies. In cross-sectional National Health and Nutritional Examination
Surveys (NHANES) in the USA, after controlling for intake of folate in food
and nutritional supplements, an increase in BMI in women of childbearing age
was associated with a lower concentration of serum folate (Mojtabai, 2004).

Folic acid fortification strategies and the incidence of
NTD in other countries
184.

Details of some countries that have introduced folic acid fortification
strategies are outlined in Table 28, Annex 6. In countries where mandatory
fortification with folic acid has been introduced (Canada, Chile and the USA)
evidence is available of the incidence of NTD-affected pregnancies pre- and
post-fortification. The changes in rates of NTD-affected pregnancies
following mandatory fortification in these countries are shown in Table 1.
Although this information is useful to illustrate the corresponding position in
each country, comparison between countries is complicated because some
countries include termination data and report on all NTD-affected
pregnancies and others report only the number of NTD-affected births.
Within each country, there is also some degree of limitation in the
ascertainment of NTD data and the completeness of the data can be
affected by the method of collation.

185.

In the USA and Canada mandatory fortification was introduced in 1998. In the
USA, Honein et al (2001) estimated that the prevalence of NTD-affected
births decreased by 19% following fortification. The Centers for Disease
Control and Prevention (CDC) (2004) compared the numbers of NTDaffected pregnancies (live births, still births, fetal deaths and elective
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terminations) in a 24-month pre-fortification period (1995-1996) with those in
a 24-month post-fortification period (1999-2000). The estimated rate of
spina bifida and anencephaly affected pregnancies was 10.6 per 10,000 live
births pre-fortification compared with 7.6 per 10,000 live births postfortification indicating an approximate 27% decline in NTD-affected
pregnancies following mandatory fortification.
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186.

Mills and Signore (2004) noted that the incomplete ascertainment of
prenatally diagnosed NTD cases in the USA had probably led to underreporting of the number of NTD cases prevented by mandatory fortification.
The ascertainment of prenatally diagnosed NTD cases in Canada is more
complete and Mills and Signore (2004) suggest that the actual reduction in
NTD-affected pregnancies in the USA is likely to be similar to those observed
in Canada, i.e. approximately 50%.

187.

More complete figures are available from four provinces in Canada. Table 1
shows that in Quebec there was a 32% reduction in the incidence of NTDaffected pregnancies (live and still births, elective terminations) postfortification (de Wals et al, 2003) and a 51% decline in Ontario (Ray et al,
2002). In Nova Scotia, there was a decrease of 54% (Persad et al, 2002) and
in Newfoundland a 78% decrease after the implementation of folic acid
fortification (Liu et al, 2004). Prior to mandatory fortification there was no
significant change in the average rates in Newfoundland between 1991-93 and
1994-97.

188.

In Chile, mandatory fortification of flour with folic acid was introduced in
2000. Average spina bifida rates fell from 9.32 per 10,000 births during 19902000 to 4.77 per 10,000 births during 2001-2002 and average anencephaly
rates fell from 8.19 per 10,000 births during 1990-2000 to 3.18 per 10,000
births during 2001-2002; induced pregnancy terminations, which are illegal in
Chile, were not reported. The rates of spina bifida and anencephaly-affected
births in Chile thus declined by approximately 51% and 42% respectively, after
the implementation of folic acid fortification (Lopez-Camelo et al, 2005).
Prior to fortification there was no decrease in the mean annual rates between
1982-1989 and 1990-2000.
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Ta bl e 1 . Co mp ar i s on o f N TD r a te s i n co u ntr i es pr e - a nd po s t- f or t if ic at io n
Country

N T D- a ff e ct e d
pregn ancy rat e
(pe r 1 0 ,0 00
l i ve b i rt h s ) *

Reducti o n i n
NT D r i s k p o s t
f o rti f ic at io n
(%)**

USA (Centers for Disease Control and
Prevention, 2004)
Pre-fortification
Post-fortification

10.6
7.6

27

CANADA
Ontario (Ray et al, 2002)
Pre-fortification
Post-fortification

11.3
5.8

51

Nova Scotia (Persad et al, 2002)
Pre-fortification
Post-fortification

25.8
11.7

54

Quebec (de Wals et al, 2003)
Pre-fortification
Post-fortification

18.9
12.8

32

Newfoundland (Liu et al, 2004)
Pre-fortification
Post-fortification

43.6
9.6

78

CHILE (Lopez-Camelo et al, 2005)
Pre-fortification (live and still births only)
Post-fortification (live and still births only)

17.5
8.0

47

*Includes live/still births, prenatally diagnosed cases and elective terminations unless otherwise stated.
**The reduction in NTD risk may not correspond to the left hand column as the percentage is
sometimes an average of separate % risk reductions for spina bifida and anencephaly cases.

Overage of folic acid in fortified foods
189.

Measurements of the total folate content in folic acid enriched cereal-grain
products in the USA following fortification have shown that a considerable
number of these products contain total folate levels that are higher than the
amount required by regulations (Rader et al, 2000). It has been estimated
that, as a consequence of fortification, typical folic acid intakes in the USA
have increased by 215-240µg/day which is more than twice the originally
intended increment of approximately 100µg/day (Choumenkovitch et al,
2002; Quinlivan & Gregory, 2003).
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190.

A comparison of food intake data from two National Health and Nutrition
Surveys (NHANES) carried out 1988-1994 (NHANES III) and in 1999-2000
estimated that mean dietary intakes of total folate increased by 76µg/day
(from 275µg/day to 351µg/day) after mandatory fortification (Dietrich et al,
2005). However, the changes in blood folate levels of the study population
were substantially higher: mean serum folate concentrations increased more
than twofold following the introduction of mandatory fortification from
11.4nmol/L (5µg/L) in 1988-1994 to 26.9nmol/L (11.9µg/L).

191.

Overage is the practice employed by manufacturers of adding nutrients
above the recommended level to allow for losses during manufacture and
storage. It is estimated that overage for folic acid supplements could be 30%
more than the amount expressed on the label (EVM, 2003). The experience
in the USA where, post-fortification, typical folic acid intakes appear to have
increased by more than twice that originally intended, is that overage is likely
to have been a major contributor to the increased intake, possibly together
with an increase in the availability of foods voluntarily fortified with folic
acid. This illustrates that overage is an important consideration in
determining the level of folic acid used for fortification of flour.

192.

In the COMA report on folic acid (DH, 2000), the effects of folic acid
fortification of flour on the dietary intakes of different population groups
were estimated by modelling dietary intake data from the NDNS. The
models were based on the levels of folic acid as consumed and may not have
fully accounted for overage. The COMA report also noted that consideration
should be given to controlling levels of folic acid fortification of breakfast
cereals. The issue of overage, folic acid content of vitamin supplements and
the control of fortification of other foods would also need to be taken into
account in considering the level of fortification.
Summary
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193.

Countries that have introduced mandatory fortification with folic acid have
consistently reported significant reductions in NTD-affected pregnancies
(27% to over 50%).

194.

As a result of overage, the impact of fortification on folate status has been
greater than predicted. The issue of overage, folic acid content of vitamin
supplements and control of voluntary fortification of other foods are
important considerations regarding the level of mandatory fortification.
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6

Possible adverse effects of
mandatory fortification of
flour with folic acid

195.

The clear benefit of folic acid supplementation on reducing the risk of NTDs
has been established (DH, 2000). Postulated adverse effects of increased
folic acid intake include: masking symptoms of vitamin B12 deficiency in older
people; modifying the effects of drugs used to treat epilepsy which could
lead to an increase in seizures, increased prevalence of multiple births,
increasing the survival of embryos with genotypes associated with
deleterious effects, and modifying the effects of anti-folate drugs. There are
also concerns regarding the presence of unmetabolised folic acid in the
systemic circulation. Evidence relating to postulated adverse effects is
considered below.

196.

Additional concerns include possible effects of high folic acid intakes on
increasing the rate of cognitive decline and increasing cancer risk. These
concerns are considered in section 7.

Risks to older people
197.

The metabolism of folate is inter-related with the metabolism of vitamin B12.
Clinical signs associated with vitamin B12 deficiency are anaemia, identical to
that of folate deficiency, and neurological impairment. Treatment with folic
acid can alleviate the anaemia (the ‘masking’ of vitamin B12 deficiency) and
therefore delay the diagnosis of vitamin B12 deficiency, which can lead to
irreversible neurological damage. The possibility of increased intakes of folic
acid delaying the diagnosis of vitamin B12 deficiency in older people was the
main risk previously considered by COMA (DH, 2000).
Vitamin B12 deficiency

198.

Vitamin B12 deficiency is rarely caused by inadequate dietary intakes, although
dietary deficiency is more common in vegetarians (Herrmann et al, 2003),
particularly vegans (Lloyd-Wright et al, 2003), because vitamin B12 is only found
in foods of animal origin. A more important cause of vitamin B12 deficiency is
malabsorption of food-bound vitamin B12 or pernicious anaemia.
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199.

Food-bound vitamin B12 malabsorption is associated with gastric atrophy and
is characterised by the inability to release vitamin B12 from food or from
intestinal transport proteins, particularly in the presence of hypochlorhydria.
Pernicious anaemia is an autoimmune disease characterised by the
destruction of the gastric mucosa and subsequent intrinsic factor (required
for vitamin B12 absorption) deficiency (Carmel, 1997).

200.

Clinical signs of vitamin B12 deficiency are macrocytic anaemia and/or
neuropathy (Lindenbaum et al, 1988) which may be reversible. In some cases,
deficiency leads to the irreversible and serious condition of subacute
combined degeneration of the spinal cord.

201.

Historically, macrocytic anaemia was the basis for diagnosis of vitamin B12
deficiency because recognition of anaemia preceded the finding of vitamin B12
deficiency (Carmel, 2000). Neurological symptoms were also thought to be
later manifestations of vitamin B12 deficiency, occurring after development of
anaemia (Woltmann, 1919; Victor & Lear, 1956). Macrocytic anaemia is the most
common presentation of vitamin B12 deficiency, although haematological and
neurological manifestations are often dissociated (Savage & Lindenbaum, 1995):
haematological symptoms do not always occur and neurological symptoms
are sometimes the only clinical expression of vitamin B12 deficiency.
Neurological symptoms in the absence of anaemia have been reported to
occur in 20-30% of cases (Lindenbaum et al, 1988).
Biochemical markers of vitamin B12 deficiency
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202.

The assessment of vitamin B12 deficiency is complicated by the limitations of
current diagnostic techniques. There is also considerable inter-laboratory and
inter-assay variation in the different methods used to determine
serum/plasma concentrations of vitamin B12 and/or its metabolites.

203.

Measurements of serum vitamin B12 concentrations have poor specificity and
sensitivity in diagnosing deficiency, as low serum concentrations do not
always indicate vitamin B12 deficiency and patients with vitamin B12
deficiency do not always have low serum concentrations (Lindenbaum et al,
1990; Joosten et al, 1993).

204.

Vitamin B12 is required as a cofactor in the enzymatic conversion of
methylmalonyl-CoA to succinyl-CoA. In the absence of vitamin B12,
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methylmalonyl-CoA accumulates and is hydrolysed to methylmalonic acid
(MMA). Vitamin B12 is also required for remethylation of plasma
homocysteine (tHcy) to methionine by methionine synthase. Serum or
plasma concentrations of MMA and tHcy are therefore increased in vitamin
B12 deficiency and are considered more sensitive diagnostic indicators than
plasma or serum vitamin B12 since they are almost always elevated in persons
with biologically significant vitamin B12 deficiency (Lindenbaum et al, 1990).
Measurement of plasma tHcy concentration has poor specificity as elevated
tHcy concentration may result from a number of causes including folate or
vitamin B6 deficiency (Joosten et al, 1993) as well as renal impairment
(Hultberg et al, 1993). Raised MMA concentration is a more specific marker
for vitamin B12 deficiency although concentrations are also raised with renal
impairment (Hvas et al, 2000). Elevated concentrations of plasma or serum
creatinine and/or urea, which are indicative of renal impairment, need to be
taken into account in the interpretation of raised concentrations of MMA and
tHcy. Combined measures are also used but have been found not to reliably
predict the later development of clinical disease (see paragraphs 214-217).
205.

Vitamin B12 circulating in blood is bound to two transport proteins,
haptocorrin and transcobalamin. Vitamin B12 attached to transcobalamin
(holotrancobalamin) represents the functionally active fraction available to
cells and it has been suggested that a decrease in plasma holotranscobalamin
concentration is the earliest indication of vitamin B12 deficiency (Herzlich &
Herbert, 1988). Plasma holotranscobalamin concentration has been shown to
be a sensitive diagnostic indicator of vitamin B12 deficiency (Hvas and Nexo,
2005) however concentrations are raised in renal disease (Herrmann et al,
2003) and other influences on holotranscobalamin concentrations have not
been systematically investigated (Miller et al, 2006).
Prevalence of low vitamin B12 status

206.

In the COMA report (DH, 2000), poor vitamin B12 status was defined as serum
vitamin B12 concentration <118pmol/L or mean corpuscular volume (MCV)
>101fl. Application of these criteria to the NDNS of adults aged over 65 years
(Finch et al, 1998) suggests that 5-10% (based on serum vitamin B12
concentration <118pmol/L) or 2-4% (based on MCV >101fl) have poor vitamin
B12 status. A subsequent analysis of the NDNS data (Bates et al, 2003) with
low status defined as serum vitamin B12 concentrations <150pmol/L or
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plasma MMA concentrations >0.5µmol/L suggested that 20% and 24%
respectively of adults over 65 years had low status.
207.

In an analysis of the Oxford Healthy Ageing Project (OHAP) (n=1562, age 65
years or over) participants with serum vitamin B12 concentration <150pmol/L
or serum B12 concentration 150-200pmol/L together with a plasma MMA
concentration >0.35µmol/L (80th percentile in subset with normal renal
function) were classified as being at high risk of vitamin B12 deficiency. Based
on these criteria 10% of people aged 65-74 years and 20% of people over 75
years were at high risk of vitamin B12 deficiency (Clarke et al, 2003).

208.

A subsequent analysis combined data (n=3511, age 65 years or over) from the
OHAP, NDNS of people aged 65 years and over, and the Medical Research
Council nutrition study. After adjustment for creatinine concentration, the
prevalence of low vitamin B12 status (whether defined as serum vitamin B12
concentrations <150pmol/L or serum vitamin B12 concentrations
<200pmol/L and tHcy concentrations >20µmol/L) increased with age from
5% among people aged 65-74 years to 10% or greater among people aged 75
years or more (Clarke et al, 2004).
Response to vitamin B12 therapy
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209.

The most definitive indication of vitamin B12 deficiency would be
improvement of haematological and/or neurological symptoms in response
to vitamin B12 therapy.

210.

In a study in the USA (Solomon, 2005) the records of ambulatory patients
(n=95; age not reported) with haematological and/or neurological findings
consistent with vitamin B12 deficiency, and who had received at least 3
months of vitamin B12 therapy, were evaluated for haematological and/or
neurological response to treatment. Serum vitamin B12 concentrations were
defined as low (<150pmol/L), intermediate (150-220pmol/L) or normal
(>220pmol/L); serum MMA concentrations were defined as normal
(<0.25µmol), moderately increased (0.25-0.38µmol), elevated (>0.38µmol); and
plasma tHcy concentrations were defined as normal (<12µmol), moderately
increased (12-13.6µmol), and elevated (>13.6µmol).

211.

After 3 months of vitamin B12 therapy, 37 patients (39%) had haematological
(n=8) or neurological (n=30) responses (responders), 25 (26%) patients showed
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no improvement (non-responders), and 33 patients (35%) were considered
possible responders because of less marked improvements. Vitamin B12
concentrations were above 150pmol/L in 84% of the responders and above
220pmol/L in 54% of responders. MMA concentrations were normal
(<0.25µmol) in 23% of responders and were elevated (>13.6µmol) in only 37%.
Concentrations of tHcy were normal (<12µmol) in 50% of the responders. If
vitamin B12 therapy had been limited to patients with both vitamin B12
concentrations below 220pmol and MMA concentrations above 0.25µmol,
63% of responders would not have received any treatment. In the group of
non-responders, 20% had vitamin B12 concentrations below 150µmol, 60%
had MMA concentrations above 13.6µmol and 43% had tHcy concentrations
greater than 13.6µmol. Results from this study suggest that low vitamin B12
and elevated metabolite concentrations are not always predictive of a
subsequent clinical response to vitamin B12 therapy. This study did not
report whether renal impairment had been considered as a cause of elevated
metabolite concentrations.
212.

Hvas et al (2001) assessed the effect of vitamin B12 treatment in reducing
elevated concentrations of plasma MMA and tHcy in an RCT. Participants
(n=140; median age 75 years) with mild to moderately elevated plasma
MMA (0.40-2.00µmol) were treated weekly with intramuscular injections of
either 1mg of cyanocobalamin or placebo for 4 weeks. After 3 months,
significant decreases in MMA and tHcy concentrations were observed in
the treatment group compared to the placebo group. Although
concentrations of MMA decreased to below 0.29µmol in 69% of the
treatment group they remained above this level in 31% of participants
(which could not be explained by renal impairment).

213.

In a study of 80 patients (median age 66 years) diagnosed with food-bound
malabsorption of vitamin B12 with clinical manifestations of neurological
impairment (Andrès et al , 2003), 48 patients were treated with
intramuscular vitamin B12 and 22 with oral vitamin B12 (500-1000µg/d).
Although correction of serum vitamin B12 and tHcy concentrations
occurred in all patients within 2-3 months, symptom recovery was only
observed in 43% of patients.
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Clinical relevance of low vitamin B12 status

48

214.

The relationship between low vitamin B12 status and clinically manifest B12
deficiency is uncertain, i.e. whether low vitamin B12 status will progress to
clinical disease (e.g. symptomatic anaemia or neuropathy), fluctuate, or resolve.

215.

Hin et al (2006) examined the association between peripheral neuropathy
and low vitamin B12 concentrations (<133pmol/L) and related markers in a
population-based study of older people (n=1000; ≥75years). Low serum
vitamin B12 concentrations were identified in 13% of the participants. No
association was found between concentrations of vitamin B12, MMA, tHcy or
HoloTC and symptoms of neuropathy. A significantly increased risk of
missing ankle tendon jerks (a more sensitive marker of peripheral neuropathy)
was found in individuals in the top 2 quartiles of MMA concentration (mean
0.32-0.68µmol) compared to the bottom quartile (mean 0.18µmol) and in
individuals with tHcy concentration in the top quartile (mean 22.34µmol/L)
compared to the bottom quartile (mean 9.92µmol/L). No adjustment was
made for elevated concentrations of MMA and tHcy due to renal impairment
as a previous analysis of the data had indicated that this was not an important
factor in this population (R Clarke; personal communication, 2006).
Individuals with serum vitamin B12 concentration below 133pmol/L (n=100)
were treated for 3 months with hydroxycobalamin injections (1mg/month).
Although treatment was associated with substantial reductions in
concentrations of MMA and tHcy in 99% of the participants, there were no
significant effects on any clinical manifestations.

216.

Hvas et al (2001) followed up individuals (n=432; median age 72 years) with an
elevated concentration of plasma MMA (>0.28µmol), without evidence of
renal impairment, for 1-4 years. Over time, a high variation was found in MMA
concentrations (coefficient of variation, 34%), which increased (more than
20%) in 16% of participants but decreased (more than 20%) in 45% of
participants. No association was found between a high MMA concentration
and clinical manifestations related to vitamin B12 deficiency.

217.

Solomon (2005) observed large intra-individual variations in pre-therapy
concentrations of vitamin B12, MMA and tHcy of ambulatory patients (n=304;
age not reported) evaluated for vitamin B12 deficiency, which varied by 23%,
23%, and 17% respectively over 2-6 weeks.
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Oral supplementation with vitamin B12 to correct deficiency
218.

The active absorption of protein-bound vitamin B12 is impaired in individuals
with vitamin B12 deficiency although approximately 1% of orally administered
crystalline cynocobalamin is absorbed by passive diffusion (Baik & Russell,
1999). Consequently, vitamin B12 deficiency is usually treated with
intramuscular injections of hydroxycobalamin or cynocobalamin
(1mg/month). Oral supplements of vitamin B12 (1-2mg/day) have been shown
to be as effective as intramuscular injections in correcting biochemical
markers of vitamin B12 deficiency (Hathcock & Troendle, 1991).

219.

In the Netherlands, Eussen et al (2005) conducted a dose-finding trial in older
people with low vitamin B12 status (serum vitamin B12 concentrations 100300pmol/L; plasma MMA concentrations ≥ 0.26µmol/L and serum creatinine
≤120µmol/L) to determine the lowest oral dose of vitamin B12 associated
with maximum reductions in serum MMA concentrations. Participants
(n=120, age ≥ 70 years) received vitamin B12 in daily oral doses of 2.5, 100, 250,
500, or 1000µg, for 16 weeks which resulted in reductions to below
0.26µmol/L in 21%, 38%, 52%, 62%, and 76% of the participants respectively.
Oral doses which were associated with 80-90% of the maximum reduction in
plasma MMA concentration (33%) varied between 647-1032µg/day, which is
about 400 times the RNI for vitamin B12 (1.5µg/day). This study did not
attempt to distinguish the extent to which differences in individual responses
were due to active rather than passive absorption of vitamin B12.
Prevalence of clinically manifest vitamin B12 deficiency

220.

The prevalence of clinically manifest vitamin B12 deficiency due to pernicious
anaemia or due to food-bound malabsorption is uncertain. Pernicious
anaemia has traditionally been regarded as the most common cause of
vitamin B12 deficiency (Carmel, 1997). Lindenbaum et al (1988) found that
pernicious anaemia was the underlying cause in 68-83% of patients (n=40)
with neurological symptoms due to vitamin B12 deficiency. Carmel (1997)
reported that 8 out of 9 studies found food-bound malabsorption of vitamin
B12 was the cause of vitamin B12 deficiency in more than 30% of patients. In
a study of 172 patients in France (> 65 years) with a confirmed vitamin B12
deficiency, 57% were diagnosed with malabsorption of food-bound vitamin
B12 and 33% were diagnosed with pernicious anaemia (Andrès et al, 2005). In
over 200 elderly patients (age not reported) in France, vitamin B12 deficiency
49
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was attributed to malabsorption of food-bound vitamin B12 in 60-70% of
cases and pernicious anaemia in 15-20% of cases. Other causes included
dietary deficiency in less than 5%; malabsorption in less than 5% and
hereditary vitamin B12 metabolism diseases in less than 1% (Andrès et al.,
2004). In a UK based population study of older people (n=1000; ≥ 75years),
only 3 out of the 125 (2.4%) people identified with low vitamin B12 status
(<133pmol/L) had pernicious anaemia (Hin et al, 2006).
221.

Tables 2-5 show the number of patients seen in hospitals in the UK (20002002/3), by country, and give an indication of clinical disease associated with
vitamin B12 deficiency. The numbers do not include patients seen in primary
care settings. The number of cases reported might be an underrepresentation of the actual frequency of vitamin B12 associated neurological
impairment since some cases may remain unrecognised, especially when
clinical symptoms and signs are less well defined. The subacute combined
degeneration of the spinal cord category only includes cases associated with
biochemical evidence of vitamin B12 deficiency; the peripheral neuropathy
category includes all causes of peripheral neuropathy, not just those
associated with vitamin B12. Diabetes mellitus is the most common cause of
neuropathy and the second most common is alcohol abuse (Williams, 2003).
Ta bl e 2 . C o un t o f f i n i s h e d a d m i s s i o n e p i so d e s f o r s el e ct ed d i a g no s es i n
N H S ho s p i t al s i n E n g la n d
Finished Admission Episodes
Diagnosis

2000/01

2001/02

Subacute combined degeneration of spinal cord

18

18

25

Pernicious anaemia

543

581

623

9,244

9,739

11,545

Peripheral neuropathy

2002/03

Ta bl e 3 . C o u nt of fi ni sh ed ad mi s s i on e p i s o d e s f or s el e ct ed d i a g no s es i n
NHS h o sp i t a ls i n W al es
Finished Admission Episodes
Diagnosis

50

2000

2001

Subacute combined degeneration of spinal cord

2

1

2002
1

Pernicious anaemia

31

55

35

Peripheral neuropathy

352

323

354
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Ta bl e 4. Co u nt o f dea th s a nd dis c ha r ge s ( eq uiv al e nt to f in is he d a dm is s io n
epi s od es ) f o r s e l ec te d d ia gn os e s in NH S h os pi ta l s in N o r th e r n Ir e l an d
Deaths and Discharges
Diagnosis

2000

2001

Subacute combined degeneration of spinal cord

0

0

2002
0

Pernicious anaemia

46

29

49

Peripheral neuropathy

182

195

273

Tabl e 5. Co unt of co ntinuo us inpa tient stay (eq uival ent to f inished
ad mi s s i o n e p i s o d e s ) f or s el e ct ed d i ag no s es i n N H S h o s p i t al s i n S c ot la n d
Continuous Inpatient Stay
Diagnosis

2000

2001

3

1

2

Pernicious anaemia

173

123

148

Peripheral neuropathy

958

1080

1133

Subacute combined degeneration of spinal cord

2002

Source: Hospital Inpatients System. A finished admission episode is the first period of in-patient care
under one consultant within one healthcare provider. Please note that admissions do not represent
the number of in-patients, as a person may have more than one admission within the year.

218.

The General Practice Research Database (GPRD) contains longitudinal
medical records from approximately 420 primary care practices throughout
the UK (representing 4% of the total number in the UK) and is geographically
representative. Tables 6 to 9 show the number of patients in the GPRD, in
2005, with at least: one record of vitamin B12 deficiency or serum vitamin
B12<150pmol/L; one prescription for vitamin B12 supplements; one record of
pernicious anaemia caused by vitamin B12 deficiency; and one record of
neuropathy caused by vitamin B12 deficiency (UK Medicines and Healthcare
Products Regulatory Agency; Personal Communication, 2006). Information
regarding vitamin B12 was extracted from 369 primary care practices, which
represents 3.5% of the total in the UK.
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Ta bl e 6: Nu mb er of p at ien ts ( a ge d 6 5 y ea r s a nd ov er ) in th e G P RD ( 2 005 )
wit h a r ec o r d o f be ing vit a min B1 2 d ef ic ie nt or w ith vit am in B1 2 l ev el s <
1 50p mo l / L
Country

Number of patients

As percentage of total number of
patients aged 65 years and over
registered in the GPRD for 2005*

England

2731

0.76

Wales

185

0.83

Scotland

157

0.97

Northern Ireland

78

0.61

To tal

315 1

0.7 6

Ta bl e 7: N um be r o f pa tie nt s ( ag ed 65 ye ar s an d o ve r ) in the G P RD ( 2 005 )
with a r e co r d of at l ea s t on e pr e s cr ip tio n f or vita m in B1 2
Country

Number of patients

As percentage of total number of
patients aged 65 years and over
registered in the GPRD for 2005*

England

1671

0.46

Wales

86

0.38

Scotland

180

1.11

Wales

33

0.26

To tal

19 70

0.48

Ta bl e 8: Nu mb er of pa ti en ts ( a ge d 65 ye ar s an d o ver ) i n t he G P RD ( 2 005 )
with at le ast one rec ord of pern ic ious anaemia and at least one
p re s cr i p t i o n f o r v i t am i n B 12
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Country

Number of patients

As percentage of total number of
patients aged 65 years and over
registered in the GPRD for 2005*

England

406

0.11

Wales

23

0.10

Scotland

44

0.27

Northern Ireland

15

0.12

To tal

48 8

0.1 2
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Ta bl e 9: Nu mb er of p at ien ts ( a ge d 6 5 y ea r s a nd ov er ) in th e G P RD ( 2 005 )
w i t h a t l e as t o n e r e co r d f or p e r i p h er a l n e ur o p a t h y a n d at l e a st on e
p re s cr i p t i o n f o r v i t am i n B 12
Country

Number of patients

As percentage of total number of
patients aged 65 years and over
registered in the GPRD for 2005*

England

34

0.009

Wales

2

0.009

Scotland

3

0.19

Northern Ireland

3

0.023

To tal

42

0 .0 1 0

*Total number of patients aged 65 years and over registered in the GPRD (369 practices) for 2005:
England, 361 377; Wales, 22 367; Scotland, 16 196; Northern Ireland, 12 814; UK, 412 754.

The impact of folic acid on individuals with undiagnosed vitamin B12
deficiency
223.

Folic acid supplementation can improve anaemia among persons with
vitamin B12 deficiency, but does not prevent damage to the nerves, spinal
cord, or brain, and it has been suggested that the neurological
manifestations may even be aggravated (Reynolds, 2002). Treatment of
undiagnosed vitamin B12 deficient individuals with folic acid may, therefore,
delay diagnosis of the deficiency (the ‘masking’ of vitamin B12 deficiency)
and result in the insidious progression of neurological symptoms leading to
irreversible neurological damage.

224.

Evidence suggests that folic acid intakes up to 1mg/day are not associated
with delayed diagnosis of vitamin B12 deficiency in older people. The UL
(i.e. the highest level likely to pose no risk of adverse health effects for
almost all individuals in the population) set for folic acid intake in the USA
(FNB, 1998) and in Europe (SCF, 2000) of 1mg/day, is based on the
progression of neurological symptoms in individuals with undiagnosed
vitamin B12 deficiency (see paragraphs 86 to 89). In the UK, a GL (which
represents an approximate indication of levels that would not be expected
to cause adverse effects) of 1mg/day was set for folic acid intake (EVM,
2003) based on concerns regarding the masking of vitamin B12 deficiency
(see paragraph 90).
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Epidemiological evidence of clinically manifest vitamin B12 deficiency preand post-fortification
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225.

The incidence of clinically manifest vitamin B12 deficiency before and after
fortification does not appear to have been systematically considered in
countries that have introduced mandatory fortification. A number of studies
have assessed biochemical markers of status in some population groups. In
the USA, Mills et al (2003) compared the prevalence of megaloblastic
anaemia in 1573 patients (53-75 years) at the Veterans Medical Center in
Washington (between 1992 and 2000), with low serum vitamin B12
concentrations (<258pmol/L), before and after fortification (implemented
1996-1998). There were no significant differences in the proportions without
anaemia during the pre-fortification period (39.2%), the period when
fortification was being implemented (45.5%), and the period following
mandatory fortification (37.6%). These findings did not change when the
analysis was limited to patients aged over 60 years or when low serum
vitamin B12 concentration was defined as <150pmol/L. About 55-60% of
patients (70-80% of those aged over 74 years) had low serum vitamin B12
concentrations with anaemia.

226.

Another post-fortification study in the USA (Johnson et al, 2003) observed a
prevalence for vitamin B12 deficiency (serum vitamin B12 <258pmol/L and
MMA >0.27µmol/L) of 23% in an elderly group at risk of nutritional problems
(mean age 76 years; n=103); these subjects were three times more likely to
have impaired cognition than those who were not deficient. The study
reported only one non-anaemic vitamin B12 deficient subject with elevated
MCV; however, it was also noted that coexisting iron deficiency was quite
common in the vitamin B12 deficient subjects, several of whom exhibited
microcytic anaemia or low-normal MCV. Vitamin B12 deficiency was
associated with poor cognition, anaemia and hyperhomocysteinemia. The
authors noted that people aged 65 years and over are prone to many chronic
illnesses and anaemia associated with chronic disease is likely to be due to
multiple nutritional deficiencies and multifactorial in origin.

227.

Data from hospital discharge surveys in the USA suggest that the number of
cases of pernicious anaemia or subacute combined degeneration of the
spinal cord have not increased post-fortification (see paragraphs 457-458).
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228.

A study of women in Canada, aged 65 years and older (n=4572), reported an
increase of 64% in mean serum folate concentrations with a concomitant
decrease in folate deficiency (serum folate < 6.0nmol/L) from 6.3% to 0.88%
after fortification (Ray et al, 2003). Average serum vitamin B12 concentrations
increased from 280 to 300pmol/L, and the prevalence of low vitamin B12
concentrations (serum vitamin B12<150pmol/L) in combination with
supraphysiological concentrations of serum folate (>45nmol/L) increased
significantly from 0.09% before fortification to 0.61% following fortification.

229.

Six months after folic acid fortification of flour in Chile, Hirsch et al (2002a)
reported an increase in mean serum folate concentrations of low-income
people over 70 years (n=149), from 16.2 to 32.7nmol/L. Twenty eight per cent
had low vitamin B12 status when defined as serum B12 concentration
<165pmol/L; and 31% had vitamin B12 deficiency when defined as serum tHcy
>14µmol/L. The fortification of flour with folic acid increased their dietary
intake of folic acid by about 400µg/day. A moderate reduction in tHcy
concentrations was observed (12.95 to 11.43µmol/L), but there was no change
in serum vitamin B12 concentrations.

230.

It has been proposed that a controlled field trial is carried out to determine
the likelihood of side effects, of which delaying the diagnosis of neurological
symptoms associated with vitamin B12 deficiency is of most concern (Wharton
and Booth, 2001). A trial with folic acid intakes at the levels recommended
(less than 1mg/day) would not be adequately powered to give clear evidence
unless the study population was very large. A trial with intakes of folic acid
above 1mg/day across the entire study population might expose susceptible
individuals to an unacceptable risk and could be considered unethical.
Summary

231.

Clinical manifestations of vitamin B12 deficiency are macrocytic anaemia
and/or neuropathy. Although anaemia is the most common presentation,
haematological symptoms do not always occur and neurological symptoms
are sometimes the only clinical expression of vitamin B12 deficiency.
Neurological symptoms have been reported to occur in the absence of
anaemia in 20-30% of cases.

232.

There are a number of uncertainties in the biochemical measures used to
diagnose vitamin B12 deficiency. Low serum concentrations of vitamin B12 or
55

Folate and Disease Prevention

elevated concentrations of the metabolites, MMA and tHcy, are not always
predictive of a clinical response to vitamin B12 therapy. Intra-individual
variation in concentrations of vitamin B12, MMA, and tHcy can also affect the
detection of vitamin B12 deficiency. Furthermore, there is no consensus
regarding cut-off points for serum or plasma concentrations of vitamin B12,
MMA, or tHcy to define deficiency.
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233.

Estimates of the prevalence of low vitamin B12 status are uncertain and have
ranged from 5% to over 20% depending on the biochemical marker and
criteria used. A combined analysis of 3 studies (which measured serum
concentrations of vitamin B12 and tHcy) has estimated the prevalence of low
vitamin B12 status to be 5% in people aged 65-74 years and 10% in people aged
75 years and over (Clarke et al, 2004).

234.

The relationship between low vitamin B12 status and clinically manifest
vitamin B12 deficiency has not been clarified. It is uncertain whether low
vitamin B12 status will always progress to clinical disease. The presence of
low vitamin B12 concentrations and elevated MMA and tHcy concentrations
is not always predictive of a clinical response to vitamin B12 therapy.

235.

It has been hypothesised that mandatory fortification of flour with folic
acid might have adverse effects on neurological function in people aged 65
years and over with low vitamin B12 status. Evidence suggests that adverse
effects are not associated with doses of folic acid up to 1mg/day. (See
section 8 for estimations of the number of people aged 65 years and over,
in the UK, who might be exposed to levels of folic acid above 1mg/day at
different levels of fortification.)

236.

There are no reports from countries that have introduced mandatory
fortification indicating deleterious effects on older people with low vitamin
B12 status.

237.

It has been estimated that a dietary intake 400 times greater than the RNI for
vitamin B12 may be needed to correct vitamin B12 deficiency caused by foodbound malabsorption of vitamin B12. The fortification of flour with vitamin
B12 to improve status in people aged 65 years and over may not be a feasible
option as the effect of population exposure to such high doses is unknown.

Folate and Disease Prevention

Other possible adverse effects of folic acid
Epilepsy
238.

Phenytoin, an anti-epileptic drug, decreases serum folate concentrations in
half of epileptic patients, thus increasing the risk of folate depletion (Berg et
al, 1992). Supplementation with folic acid prevents deficiency but also
modifies phenytoin pharmacokinetics and may lower serum phenytoin
concentrations. At pharmacological doses, folic acid supplementation may
lead to poorer seizure control (Reynolds, 2002).

239.

In a population-based study of 7103 epileptic patients in Canada (Ray et al,
2005b) no significant change in serum phenytoin concentrations was observed
after mandatory fortification, which was estimated to provide an average of
200µg/day of folic acid. This suggests that the dose of folic acid provided by
mandatory fortification is unlikely to have an adverse impact on
anticonvulsant drug metabolism. This study does not, however, provide any
information on the impact of higher doses of folic acid.
Multiple births

240.

Multiple pregnancies result in more complications and poorer outcomes
compared to singleton pregnancies (Kinzler et al, 2000). Several studies have
reported an association between consumption of multivitamins (including
folic acid) or folic acid alone by women during pregnancy and an increase of
almost 40% in multiple births (Czeizel et al, 1994; Werler et al, 1997; Ericson
et al, 2001).

241.

A number of large studies have investigated whether folic acid fortification or
supplementation is associated with an increased prevalence of multiple
births. In a population-based cohort study in China, of women who either
did (n=127,018) or did not (n=114,997) receive folic acid supplements
(400µg/day) during pregnancy, no association was observed between folic
acid consumption and multiple births (Li et al, 2003). Two studies in the USA
investigated rates of twinning pre- and post-fortification of foods with folic
acid (fortification was introduced 1 January 1996 and became mandatory by 31
December 1998). Shaw et al (2003) examined the prevalence of twinning
among more than 2.5 million births between 1990-1999 and found no change
in twinning prevalence associated with folic acid fortification. Waller et al
(2003) examined over 1 million births between 1 January 1996 and 31 December
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1998. Although an increase in twinning frequency was found, this was
consistent with the increase of 1-4% per year observed prior to fortification.
However, as both these studies only include births up to 1999 there are not
enough data after mandatory fortification to assess the long-term association
with increased twinning.
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242.

Signore et al (2005) investigated whether twinning rates had increased in the
USA since folic acid fortification was permitted in 1996 by examining birth and
fetal death records from 1990-2000. To exclude the influence of fertility
treatments (see paragraph 243), the analysis was restricted to nulliparous
women aged 16-19 years. A total of 25,065 twin and 3,362,245 singleton
pregnancies were included in the analysis. Twin gestation rates were found to
be stable from 1990-1996 (7.2 per 1000) then steadily increased (averaging 2.4%
per year) until 2000 (8.2 per 1000). The authors concluded that although twin
gestation rates had increased following fortification the effect was less than
predicted from intervention studies and the increase was difficult to separate
from the long-term trend to increased twinning.

243.

In vitro fertilisation (IVF) has been shown to be a strong confounder in studies
examining the relationship between folic acid fortification/supplementation
and increased prevalence of multiple births. IVF is associated with both use
of folic acid and twinning (Berry et al, 2005). In a Swedish study (Ericson et
al, 2001), almost 2% of the women had used in vitro fertilisation and it has
been shown, on the basis of modelling, that failure to account for this could
explain all of the apparent association between folic acid consumption and
twinning (Berry et al, 2005).

244.

The effect of folate status (plasma and red cell folate concentration) on
fertility treatment outcome was assessed in a cohort of women (n=602; mean
age 34 years) in the UK undergoing IVF treatment (Haggarty et al, 2006).
Eighty-nine percent of the women had two embryos transferred. The
likelihood of twin births following double embryo transfer IVF treatment was
significantly associated with increased plasma/red cell folate concentrations
and low age. The authors suggest that the high incidence of twin births
associated with IVF treatment could be reduced by identifying women at
increased risk of multiple embryo transfer based on plasma folate
concentrations and age.
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245.

Haggerty et al (2006) also reviewed data from the USA on multiple birth rates
arising from IVF treatment following mandatory fortification and observed
that IVF treatment was associated with an 11-13% increase in the incidence of
multiple births.
Embryo selection

246.

Mutations such as MTHFR 677 TT are associated with CVD and stroke (see
section 7). It has been proposed that the use of folic acid in pregnancy could
interfere with the process of natural selection by increasing the survival of
embryos with genotypes which have relatively common mutations in the
MTHFR gene (C677T and A1298C) (Munoz-Moran et al, 1998; Reyes-Engel et
al, 2002). This study reported an increase in individuals with both mutations
who were born in Spain between 1977 and 1982 and noted that folic acid
supplementation in pregnancy was recommended in Spain in 1982. However,
the authors noted that it was difficult to accept the size of the apparent
effect they observed. To date, there are no other reports of this finding in
Spain or in countries where supplementation is advised or mandatory
fortification has been introduced.
Anti-folate chemotherapy

247.

Concerns have been raised that the efficacy of anti-folate drugs could be
reduced by mandatory fortification of flour with folic acid. The basis of antifolate chemotherapy is to limit folate availability to tumour cells by
competing for intracellular folate enzymes. Inhibition of these enzymes
affects the pool of folate derivatives available for single carbon unit transfer
for nucleotide synthesis; rapidly dividing tumour cells are therefore unable to
replicate DNA and undergo apoptosis (Robien, 2005).

248.

Methotrexate (MTX) is an anti-folate drug widely used in chemotherapy
regimens and also for treatment of autoimmune diseases such as rheumatoid
arthritis. MTX reduces the activity of dihydrofolate reductase (DHFR) which
is required for the reduction of folic acid to THF before it can be converted
to 5-MTHF and acquire activity.

249.

Anti-folate drugs also affect other rapidly replicating normal cells, e.g.,
haematopoietic and intestinal mucosal cells, which can lead to neutropenia
and diarrhoea. Protocols for some anti-folate drugs recommend folic acid
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supplementation to optimise the patient’s folate status before and
between treatment to minimise treatment-related toxicity in normal tissues
(Robien, 2005).
250.

Studies which have examined the interactions between folates and anti-folate
drugs have generally used mouse and cell culture models. A review of studies
which evaluated interactions between folates and anti-folates used for the
treatment of cancer reported that most studies had focused on the use of
folates as a rescue agent against toxic effects of anti-folate drugs and that no
human studies had evaluated dietary folate intake as a potential effect modifier
(Robien, 2005). One cross-sectional study (Schroder et al, 1986) which
evaluated the effect of folic acid supplementation (75-200µg/d) before
(preceding 3 months) and during MTX treatment in children (n=53) with acute
lymphocytic leukemia found no difference in erythrocyte MTX concentrations
between children who had or had not received folic acid supplements.

251.

Studies on the effect of folic acid supplementation during MTX treatment for
rheumatoid arthritis have generally reported an improvement in drug
tolerance and minimal interference with drug effectiveness (Robien, 2005). A
post-hoc analysis of 2 RCTs comparing MTX with leflunomide (another drug
used to treat rheumatoid arthritis) reported that folic acid (1-2mg/day)
significantly reduced the response to treatment. Neither of these RCTs,
however, was designed to test the effect of folic acid on MTX efficacy and
there were a number of differences between the studies, including disease
duration and use of non-steroidal anti-inflammatory drugs. One of the
studies also did not have a placebo group.

252.

The interaction of folic acid with anti-folate drugs is a theoretical concern.
There are insufficient human data regarding the effect of folic acid on antifolate medication and the doses at which folic acid might affect their action to
conclude that mandatory folic acid fortification would modify their efficacy.
Summary

253.
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There is no evidence to suggest that mandatory fortification of flour at levels
which would increase folic acid intakes by 200µg/day would adversely
modify the pharmacokinetic effects of phenytoin, a drug used for
anticonvulsant treatment of epilepsy. The impact of higher levels of folic
acid fortification on anticonvulsant effects of phenytoin is unknown.
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254.

There is no substantive evidence to suggest that folic acid fortification is
associated with multiple births resulting from natural conception; however,
high intakes of folic acid may increase the likelihood of twin births in women
undergoing multiple embryo transplant fertility treatment.

255.

There is no substantive evidence to suggest that folic acid fortification is
associated with increased survival of embryos with genotypes associated
with deleterious effects.

256.

There is no evidence to suggest that folic acid fortification would reduce the
efficacy of anti-folate chemotherapy.

Unmetabolised folic acid in the systemic circulation
257.

The appearance of unmetabolised folic acid in the systemic circulation has
raised concerns regarding the long-term effects of high intakes of folic acid.

258.

A study that examined the acute appearance of unmetabolised folic acid in
the systemic circulation in response to the consumption of folic acid fortified
foodstuffs by young (age 18-42 years; n=14) and old subjects (62-83 years;
n=30), reported a threshold intake of 266µg folic acid/test meal (Kelly et al,
1997). At doses lower than the threshold only 5-MTHF, the form normally
present in plasma, was found.

259.

In a small pilot study (n=4), Sweeney et al (2006) compared the acute effects
of consuming 1mg of folic acid as a single dose and as two doses of 500µg,
three doses of 333µg, five doses of 200µg, and ten doses of 100µg over 8hour periods. All studies were carried out 2 weeks apart. Unmetabolised
folic acid was not detected in the serum of any participants pre-prandially
but was detected post-prandially in the serum of all subjects at all test doses.

260.

A study in the USA (Troen et al, 2006), where mandatory fortification has
been introduced, found unmetabolised folic acid in fasting plasma samples of
78% of participants (n=105; age 50-75 years) (see paragraph 263). In most cases
the amount of unmetabolised folic acid in the plasma represented only a
small fraction (5%) of total folate compared to the concentration of 5-MTHF
(95%). The authors noted that consumption of supplements in the study
population was higher than for the average US population.
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261.

Another study in the USA (Pfeiffer et al, 2004) analysed the distribution of
folate forms in non-fasting serum samples (n=42). In 32 samples with folate
concentration below 50nmol/L (22µg/L), unmetabolised folic acid
comprised 2.3% of the total folate concentration. In 10 samples with total
folate concentration above 50nmol/L (22µg/L), the proportion of
unmetabolised folic acid was 16%. Non-fasting serum samples were used in
this analysis and no information was available on dietary intakes of the
subjects who had provided the samples.

262.

In Ireland, unmetabolised folic acid was found in the cord blood of newborn
infants (n=11; 8 full-term, 3 premature) at birth (Sweeney et al, 2005). The
mean concentration of unmetabolised folic acid was 0.185µg/L, however no
information was provided on how much this represented as a proportion of
total folate concentration in the cord blood. None of the mothers were
consuming folic acid supplements; further details regarding their diet were
not provided.

263.

A cross-sectional study of postmenopausal overweight/obese women in the
USA (n=105; 50-75 years) investigated the relationship between
unmetabolised folic acid in the blood and natural killer (NK) cell cytotoxicity
(Troen et al, 2006). NK cells are part of the immune response and it has been
suggested that low NK cytotoxicity may increase cancer risk (Imai et al, 2000).
Unmetabolised folic acid was found in fasting plasma samples of 78% of the
women. NK cytotoxicity was significantly lower in women with
unmetabolised folic acid found in the plasma compared to those without
detectable unmetabolised folic acid. After stratification by age, a significant
linear decrease in NK cytotoxicity was found with higher concentrations of
unmetabolised folic acid in women aged 60-75years (25% lower NK
cytotoxicity with plasma concentrations > 3.1nmol/L).
Summary
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264.

Unmetabolised folic acid has been detected in the systemic circulation
following oral doses of folic acid above 260µg.

265.

Evidence from one cross-sectional study (Troen et al, 2006) suggests an
association between the presence of unmetabolised folic acid in the blood
and altered immune function.
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266.

Overall, there are insufficient data in humans to assess the long-term effects
of exposure to unmetabolised folic acid in the systemic circulation.
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7

Folate, B vitamins, and
chronic disease
Folate and cardiovascular disease

267.

The relationship between folate intake and cardiovascular disease (CVD) risk
was previously considered by COMA (DH, 2000). COMA concluded that in
the absence of evidence supporting a causal association between improved
folate status and reduction in the incidence of CVD, there was no basis for
recommending fortification with folic acid in relation to decreasing CVD risk.

268.

Studies considered in relation to CVD risk are detailed in Tables 29-31, Annex 7.
Plasma homocysteine
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269.

Elevated plasma tHcy concentration is a risk factor for CVD (Homocysteine
Studies Collaboration, 2002). Plasma tHcy concentrations are inversely
associated with measures of folate status (plasma and red blood cell folate
concentrations). The remethylation of homocysteine to methionine, by
methylene tetrahydrofolate reductase (MTHFR), is dependent on an
adequate supply of folate; low folate status, therefore, results in elevated
plasma tHcy concentrations. A supplement of folic acid in the range 200 to
400µg/day has been reported to give a near-maximal lowering of plasma
tHcy concentration (Ward et al, 1997, 2002; van Oort et al, 2003).

270.

Vitamins B12, B6 and B2 are also required for the remethylation of
homocysteine. The dietary supply of vitamins B6 (McKinley et al, 2001) and
B12 (Quinlivan et al, 2002) has also been shown to affect plasma tHcy
concentrations. Population subgroups such as vegetarians and, particularly
vegans, who have a limited dietary supply of vitamin B12, tend to have raised
tHcy concentrations despite an adequate supply of dietary folate (Herrmann
et al, 2003; Lloyd-Wright et al, 2003).

271.

Other factors may also affect plasma tHcy concentrations. Lifestyle factors,
such as alcohol consumption, physical inactivity and cigarette smoking (de
Bree et al, 2001; Mennen et al, 2002; Ganji & Kafai, 2003; Husemoen et al,
2004; Nurk et al, 2004) have been associated with elevated plasma tHcy
concentrations.
Intervention studies have suggested that coffee
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consumption can raise plasma tHcy concentrations (Verhoef et al, 2002;
Strandhagen et al, 2003) and betaine (trimethylglycine, which can be
metabolised endogenously from choline) consumption can lower plasma
tHcy concentrations (Olthof et al, 2003; Steenge et al, 2003). Modification of
dietary patterns, for example, a diet rich in fruits, vegetables, low-fat dairy
products and with reduced saturated and total fat, may be more effective in
lowering plasma tHcy concentrations than increasing consumption of folate
rich foods alone (e.g. diet rich in fruit and vegetables) (Appel et al, 2000).
272.

A number of gene variants affect folate blood concentrations and plasma
tHcy concentration (see paragraph 69). The most commonly studied genetic
variant is the MTHFR 677 C➝T polymorphism, which is associated with
elevated plasma tHcy concentrations (Sharp & Little, 2004). The homozygous
form (TT) is associated with plasma tHcy concentrations typically 25% higher
(Engbersen et al, 1995).

273.

An RCT of vitamin B2 supplementation found no effect on plasma tHcy
concentrations in older subjects (McKinley et al, 2002). Some evidence from
observational studies, however, suggests that vitamin B2 status may affect
plasma tHcy concentrations in persons with the TT genotype, but the
reported associations are not consistent (Hustad et al, 2000; Jacques et al,
2002; McNulty et al 2002). Hustad et al (2000) observed an inverse
association between vitamin B2 status and plasma tHcy concentration in
persons with the CT or TT genotype regardless of their folate status. Jacques
et al (2002) observed an inverse association between vitamin B2 status and
plasma tHcy concentration in subjects with the TT genotype only if their
plasma folate concentrations were low, while McNulty et al (2002) found an
inverse association between vitamin B2 status and tHcy concentration only in
persons with the TT genotype, regardless of their folate status. Moat et al
(2003) observed an association between vitamin B2 status and lowering of
plasma tHcy concentration that was not restricted to the TT genotype and
not related to folate status.

274.

A meta-analysis of observational studies concluded that elevated
concentrations of plasma tHcy were a modest independent risk factor for
cardiovascular disease in healthy populations (Homocysteine Studies
Collaboration, 2002). Another meta-analysis of observational studies
concluded that individuals with the C677T MTHFR genotype had a
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significantly higher risk of coronary heart disease, particularly in the presence
of low folate status (Klerk et al, 2002). A meta-analysis, which combined both
the prospective studies of plasma tHcy concentration and disease risk and
C677T MTHFR genotype case-control studies, concluded there was strong
evidence for a causal relationship between elevated concentrations of
plasma tHcy and cardiovascular disease (Wald et al, 2002). However, these
results were disputed by a later meta-analysis which combined prospective
and case-control studies of the association between C677T MTHFR genotype
and coronary heart disease and found no strong evidence of an association
in Europe, Australia and North America (Lewis et al, 2005). A meta-analysis
of cross-sectional, case-control and cohort studies investigating the
association between plasma tHcy concentrations and the MTHFR
polymorphism (Casas et al, 2005), concluded that the observed increase in
risk of stroke among individuals homozygous for the MTHFR TT variant was
close to that predicted from the differences in plasma tHcy concentration
(Homocysteine Studies Collaboration, 2002).
275.

It has been suggested that elevated plasma tHcy concentration may induce
endothelial dysfunction (Chambers et al, 2000), which is a risk factor for CVD
(Widlansky et al, 2003). High doses of folic acid (5-10mg/day) have also been
shown to improve flow-mediated dilatation in coronary artery disease
patients (Doshi et al, 2001; Title et al, 2000) and smokers (O'Grady et al, 2002),
forearm blood flow, but not arterial elasticity, in smokers (Mangoni et al,
2002), and volumetric coronary blood flow in hyperhomocysteinemic
patients with coronary artery disease (Willems et al, 2002). In one study, the
effect of folic acid (5mg/day) on flow-mediated dilatation was shown to be
independent of a plasma tHcy concentration lowering effect (Doshi et al,
2002). Lower doses of folic acid (e.g. 400µg/day), which result in maximal, or
near maximal, plasma tHcy concentration reductions have not been shown to
affect flow-mediated dilatation (Pullin et al, 2001; Hirsch et al, 2002b).

Epidemiological studies of folate and cardiovascular
disease
Cross-sectional studies
276.
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Yang et al (2006) compared age-adjusted stroke mortality data (for people
aged ≥40 years) in the USA and Canada between 1990-2002, with similar data
from England and Wales. A decline in stroke mortality rates during this
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period was observed in all countries. In the USA, a significant acceleration in
the overall rate of decline was observed after 1998 (2.9% per year) compared
to 1990-1997 (0.3% per year) which could not be explained by changes in
other risk factors for stroke (cigarette smoking, hypertension, diabetes, total
serum cholesterol). A significant accelerated decline in stroke mortality was
also found in Canada after 1998 (5.4% per year) compared to 1990-1997 (1%
per year). An improvement in the decline of stroke mortality was not
observed in England and Wales after 1998. The authors noted that although
the timing of the accelerated decline in stroke mortality was consistent with
the timing of fortification in the USA and Canada, it was not possible to
establish how much of the decline was due to reduced incidence and how
much was due to reduced case-fatality rate. Improved health care may also
have contributed to the decline in stroke mortality rates.
Prospective studies
277.

Prospective epidemiological evidence for the association of folate status and
dietary intakes of folate with CVD risk in the general population is shown in
Tables 29 and 30 (Annex 7).

278.

In two studies, higher circulating folate concentrations were associated with
reduced CHD risk (Morrison et al, 1996; Voutilainen et al, 2004). Folsom et al
(1998) found increasing plasma folate concentrations were associated with
reduced CHD in women but not men.

279.

In three studies, no association was found between the concentration of
circulating folate and the risk of CHD (Chasan-Taber et al, 1996; Ford et al,
1998; Hung et al, 2003). Ford et al (1998) suggested that their study lacked
adequate power to examine the association between circulating folate
concentrations and disease-specific endpoints.

280.

The results from studies investigating an association between dietary folate
intake and risk of CVD are more consistent. In two studies, higher dietary
intakes of folate were associated with reduced risk of CHD (Rimm et al, 1998;
Voutilainen et al, 2001). He et al (2004) found increased dietary intake of
folate was associated with a lower risk of ischemic stroke.
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Randomised controlled trials

68

281.

A number of RCTs have investigated the effect of treatment designed to
lower plasma tHcy concentration on the risk of CVD.

282.

In a trial of patients with atherosclerotic vascular disease (n=101)
supplementation with 2.5mg folic acid, 250µg B12, and 25mg B6, for an
average of over 2.5 years (range 0.9–6.0 years) reduced atherosclerotic plaque
progression, assessed by two-dimensional B-mode ultrasound measurement
of carotid plaques (Hackam et al, 2000).

283.

Vermeulen et al (2000) measured the development or progression of
subclinical atherosclerosis, estimated from exercise electrocardiography,
among 158 healthy siblings of patients with premature atherothrombotic
disease. Subjects received supplements of either 5mg folic acid and 250mg
vitamin B6 or placebo for two years. A significant decrease in both plasma
tHcy concentrations and abnormal exercise electrocardiography was found
in those receiving folic acid/vitamin B6. The choice of primary outcome
measure used in this study has been criticised because of its very low
positive-predictive value when used in symptom-free populations (Bostom &
Garber, 2000). Supplementation with folic acid/vitamin B6 was also
associated with a reduction in blood pressure but there was no effect on
measures of vascular function (van Dijk et al, 2001).

284.

Schnyder et al (2001) examined the effect of B vitamin supplementation in
205 patients, following coronary angioplasty. Subjects received supplements
of either 1mg folic acid, 400µg vitamin B12, and 10mg vitamin B6 or placebo
for 6 months and the effect on restenosis and major adverse events was
determined. After six months of vitamin treatment there was a significant
decrease in plasma tHcy concentration and a significant decrease in the
frequency of restenosis (19.6% vs. 37.6%).

285.

A follow-up study (Schnyder et al, 2002) reported the outcome six months
after the supplementation period had been completed and included data for
a larger group of 553 patients. The need for repeated revascularization was
lower in the group which had received supplements of folic acid/vitamin B6
(10.8% vs. 22.3%) and there was a non-significant trend toward fewer deaths
and non-fatal myocardial infarctions in this group.
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286.

In another trial (Lange et al, 2004), 636 patients who had undergone
successful coronary stenting were randomly assigned to receive 1mg of folic
acid, 1mg of vitamin B12, and 5mg of vitamin B6 intravenously, followed by
daily oral supplementation with either 1.2mg folic acid, 60µg vitamin B12 and
48mg vitamin B6, or placebo, for 6 months; in-stent restenosis was assessed
using coronary angiography. B vitamin supplementation had an adverse
effect on the risk of restenosis (34.5% vs. 26.5%) and a higher percentage of
patients in the B vitamin group required repeat target-vessel revascularization
(15.8% vs. 10.6%). B vitamin supplementation significantly reduced plasma
concentrations of tHcy.

287.

Till et al (2005) conducted a trial in 50 patients with atherosclerotic disease,
who were supplemented with either 2.5mg folic acid, 500µg vitamin B12 and
25mg vitamin B6, or placebo, for 12 months. Atherosclerosis was assessed
using ultrasound examination of carotid intima-media thickness (IMT). B
vitamin supplementation significantly reduced plasma concentrations of
tHcy and significantly decreased carotid IMT.

288.

A number of secondary prevention trials have investigated the effect of
supplemental folic acid in people with a previous vascular event. Some of
these trials are ongoing (see Table 31, Annex 7).

289.

In the first large intervention trial to report, the second Cambridge Heart
Antioxidant Study (CHAOS-2) (Baker et al, 2002), 1882 ischemic heart disease
patients received either 5mg/day folic acid or placebo. Although plasma tHcy
concentrations were reduced by 13%, folic acid supplementation had no effect
on the composite end-point of non-fatal myocardial infarction, cardiovascular
death, or unplanned revascularization (risk ratio 0.97; 95% CI, 0.72-1.29). The
trial was terminated prematurely, after a median treatment period of 1.7 years,
because of a perceived lack of power to address the hypothesis.

290.

The second large trial to report, the Vitamin Intervention for Stroke
Prevention (VISP), examined the effect of B vitamin supplementation and the
subsequent lowering of plasma tHcy concentration on recurrent stroke,
myocardial infarction and death in patients (n=3680) with ischemic stroke
(Toole et al, 2004). The control group received 200µg vitamin B6, 6µg vitamin
B12 and 20µg folic acid each day; the intervention group received 25mg B6,
400µg vitamin B12 and 2.5mg folic acid each day. A 15% reduction in plasma
69
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tHcy concentration was observed in the intervention group, but there was no
effect on vascular outcomes during the two years of follow-up (risk ratio 1.0;
95% CI, 0.8-1.3). An association of baseline plasma tHcy concentration with
vascular risk was found. The trial was terminated prematurely, after two
years, when the interim analyses showed little possibility of demonstrating
any effect of treatment on vascular events.
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291.

A subsequent subgroup analysis (n=2155) of the VISP data (Spence et al, 2005)
excluded patients with very low (<250pmol/L) and very high (>637pmol/L)
plasma vitamin B12 concentrations to eliminate those with possible vitamin
B12 malabsorption and those likely to be taking vitamin B12 supplements.
Patients with significant renal impairment were also excluded. For the
combined outcome of stroke, coronary disease and death there was a 21%
reduction in the risk of events for the intervention group compared to the
control group (p=0.056 after adjustment for age, sex, blood pressure,
smoking, and vitamin B12 concentration). Patients with median (322pmol/L)
or higher baseline vitamin B12 concentrations randomised to the high-dose of
vitamins had the best overall outcome and those with vitamin B12
concentration below the median and assigned to the low-dose vitamins had
the worst (p=0.02 for combined outcome). As this study was a post hoc
subgroup analysis the results should be interpreted with caution.

292.

A sub-study of the Vitamins to Prevent Stroke (VITATOPS) trial (Dusitanond et
al, 2005), examined the effect of B vitamin supplementation on circulating
markers of inflammation (high-sensitivity C-reactive protein, soluble CD40L,
IL-6) endothelial dysfunction (ICAM-1, VCAM-1, von Willebrand factor) and
hypercoagulability (P-selectin, prothrombin fragment-1 and –2, D-dimer).
Patients (n=285) with recent stroke or transient ischemic attack were
randomised to receive either placebo or B vitamin supplementation (25mg
vitamin B6, 500µg vitamin B12 and 2mg folic acid per day) for six months. A
30% reduction in plasma tHcy concentrations was observed, but there was no
effect on any of the circulating markers of inflammation.

293.

In the Norwegian Vitamin (NORVIT) trial (Bonaa et al, 2006), 3749 myocardial
infarction patients (age 30-85 years) were randomised to receive one of the four
following treatments: 800µg/day of folic acid, 400µg/day of vitamin B12 and
40mg/day vitamin B6; 800µg/day of folic acid and 400µg/day of vitamin B12;
40mg/day of vitamin B6; or placebo, for an average of three years. In the two
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groups that received folic acid and vitamin B12, mean plasma tHcy
concentration was reduced by 27% but there was no significant effect on CVD
risk compared to the placebo group. Treatment with vitamin B6 also had no
effect on CVD risk. An increased CVD risk was reported in the group who
received folic acid, vitamin B12, and vitamin B6 (RR, 1.22; 95% CI, 1.00-1.5; p=0.05).
294.

In the Heart Outcomes Prevention Evaluation (HOPE) 2 study, patients with a
history of vascular disease or diabetes (n=5522; age ≥55 years) were
randomised to receive either placebo or 2.5mg folic acid, 1mg vitamin B12,
50mg vitamin B6, for an average of 5 years (HOPE 2 investigators, 2006).
Patients were recruited from countries with mandatory fortification (USA,
Canada) and without mandatory fortification (Brazil, western Europe,
Slovakia). The primary outcome measure was death from cardiovascular
causes, myocardial infarction, and stroke. Although there was a significant
reduction in plasma tHcy concentration in the intervention group, no
significant differences were found between the groups in rates of death from
cardiovascular causes or myocardial infarction.

295.

The earlier secondary prevention trials were initiated in the late 1990s and
were designed to detect 30% reductions in the risk of CHD or stroke, based on
results of epidemiological studies (Boushey et al, 1995; Danesh & Lewington,
1998). Since then, a meta-analysis of observational studies suggests that a 25%
lowering of plasma tHcy is associated with a 10% lower risk of CHD and a 20%
lower risk of ischemic stroke (Homocysteine Studies Collaboration, 2002).
With improvements in CVD mortality rates, the cardiac event rates in ongoing
trials have been lower than predicted. Several ongoing trials have, therefore,
extended the duration of the follow-up period in order to accumulate
sufficient number of cases (R Clarke; personal communication, 2005).

296.

The B-Vitamin Treatment Trialists’ Collaboration (2006) reviewed the design
and statistical power of 12 randomised trials assessing the effects of lowering
plasma tHcy with B vitamin supplements on the risk of CVD (see Table 31,
Annex 7) and concluded that these trials may not involve enough vascular
events or be of sufficient duration to detect reliable plausible effects of
plasma tHcy lowering on CVD risk. The authors suggest that a meta-analysis
of all the trials, involving 52,000 patients, should have adequate power to
determine whether reducing tHcy concentration by 20-25% reduces the risk
of CVD by at least 10%, within a few years.
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Summary
297.

Observational studies investigating the relationship between dietary folate
intake and CVD risk have observed a protective association. Studies
investigating the relationship between circulating folate concentrations and
CVD risk have generally not shown a significant association.

298.

One cross-sectional study (Yang et al, 2006) which examined trends in stroke
mortality rates before and after mandatory folic acid fortification in the USA
and Canada observed a significant decrease in stroke mortality following
fortification in both countries. It is unclear how much of the decline is due to
reduced incidence and how much to reduced case-fatality rate.

299.

A number of RCTs have investigated whether folic acid supplementation
reduces CVD risk. To date, no RCTs have demonstrated a beneficial or
harmful effect of folic acid supplements on CVD risk. One RCT found an
increased CVD risk with supplementation of folic acid in combination with
vitamins B12 and B6.

Folate and cancer
DNA methylation
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300.

DNA methylation is important for epigenetic control of gene expression and
maintenance of genomic stability (Jones & Baylin, 2002). DNA methylation
occurs at cytosine bases within the cytosine-guanine (CpG) dinucleotide.
CpG sites are unevenly distributed and are deficient in extensive sections of
the human genome. In contrast, CpG islands are short regions of the genome
which are rich in CpG nucleotides and are often found in the promoter
regions of genes. Methylation of these CpG islands is thought to be
important for gene expression.

301.

Global DNA hypomethylation, together with hypermethylation of promoter
regions, is a common observation in tumours (Jones & Baylin, 2002). The
precise way in which methylation occurs is highly complex and poorly
understood, with methylation changes in one gene resulting in hypo- and
hypermethylation in other genes and gene specific hypermethylation
occurring within the context of global hypomethylation.
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302.

Folate plays a central role in DNA methylation since it is critical for the
remethylation of homocysteine to methionine which is the precursor of Sadenosylmethionine, the primary methyl group donor for DNA methylation
(Selhub & Miller, 1992). On the basis of animal studies, concerns have been
raised that folate status may alter DNA methylation, the pattern of gene
expression, and ultimately disease risk. Genetic and nutritional factors which
influence folate status have been correlated with human global DNA
methylation (Stern et al, 2000; Friso et al, 2002). The extent to which folate
influences DNA methylation is not clear and requires further investigation.

303.

Animal studies suggest that altering the maternal diet in pregnancy can
influence the methylation status of the offspring (Cooney et al, 2002; Wolff
et al, 1998). Dietary supplementation of mice with folic acid, vitamin B12,
choline, and betaine, was found to alter the phenotype of their offspring
(Waterland & Jirtle, 2003) leading the authors to suggest that higher intakes of
folic acid could influence epigenetic gene-regulatory mechanisms during
human embryonic development.

304.

It has also been suggested that folic acid supplementation significantly
increases methylation within CpG islands raising concerns that fortification
of flour with folic acid may methylate normally unmethylated promoter
regions of tumour suppressor genes leading to their inactivation and
promoting the development of cancer (Kim, 2004).

305.

Whilst it is possible that early exposure of the human egg and conceptus to
altered methylating environments may influence the risk of long-term
methylation patterns, there are no reports of increased cancer incidence in
the offspring specifically linked to the introduction of advice on folic acid
use in pregnancy or mandatory fortification.
Folic acid and animal models of cancer

306.

Studies using young animal models of colorectal cancer suggest that folic acid
suppresses the development of tumours (Kim, 2003). In older animal models
of colorectal and breast cancer, however, high levels of folic acid may promote
the development of tumours (Kim, 2003; Kim 2004; Ulrich & Potter, 2006).

307.

Based on the evidence from animal models it has been suggested that folic
acid may have dual modulatory effects on cancer development depending
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on the time and dose of the intervention (Ulrich & Potter, 2006): inhibiting
tumour development in normal tissues but promoting the progression of
established neoplasms.
308.

Findings from animal studies have a number of limitations and cannot always
be extrapolated to humans. This is because animal models given large doses
of carcinogens or genetically modified to induce tumour development differ
in a number of histologic, clinical and genetic aspects from cancer
development in humans (Rogers & Nauss, 1985; Banerjee & Quirke, 1998).
Human studies of folate and cancer

309.

The relationship between folate intake and cancer risk was previously
considered by COMA (DH, 1998; DH, 2000). COMA found there was
insufficient evidence at that time to draw conclusions on any specific links
between folate intake and the development of cancer.
Prospective epidemiological studies

310.

Human prospective studies considered in relation to cancer risk are detailed
in Tables 32-35, Annex 7.

311.

Most studies have investigated the relationship between folate intake and risk
of colorectal (CRC) and breast cancer.
Colorectal cancer

312.

74

A meta-analysis of 7 prospective cohort and 9 case-control studies
(Sanjoaquin et al, 2005) examined the association between folate intake and
CRC risk. In the cohort studies, a significantly lower risk of CRC (RR=0.75; CI,
0.64-0.89) was observed for those in the highest category of folate intake
from foods compared to those in the lowest category. Total folate intake
(from foods and folic acid supplements) was associated with a non-significant
5% lower risk of CRC (RR=0.95; CI, 0.81-1.11). The pooled estimates from the
case-control studies showed a significantly lower CRC risk associated with
high folate intakes from foods compared to low intakes (RR=0.76; CI, 0.600.96) but not for total folate from food and supplements. However, as there
was considerable heterogeneity between the case-control studies, the
authors suggested that the pooled estimates should be interpreted with
caution. The meta-analysis concluded that higher folate intake may be
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associated with lower CRC risk but confounding by other dietary factors
could not be ruled out. The protective association observed was stronger for
intakes of folate from foods alone than total folate from foods and
supplements.
313.

In an analysis of data from the Nurses’ Health Study and the Health
Professionals Follow-Up Study, total folate intake was not associated with
colon cancer risk in men but higher intakes were associated with a lower risk
in women (Wei et al, 2004). Larsson et al (2005) also observed a reduced risk
of colon cancer in women with higher total folate intake. Other studies have
observed no association between total folate intake and colorectal cancer risk
in women (Flood et al, 2002; Harnack et al, 2002; Terry et al, 2002). Su and
Arab (2001) and Konings et al (2002) observed higher total dietary folate
intakes were associated with reduced colon cancer risk in men, but not
women. Glynn et al (1996) observed no significant association between folate
intake and risk of colon cancer in men (odds ratio 0.51; 95% CI, 0.20-1.31).

314.

Details of prospective cohort studies examining the association between
folate intake and CRC risk can be found in Table 32, Annex 7.

315.

Serum folate concentrations were not associated with colon or rectal cancer
risk in one study (Glynn et al, 1996), but higher concentrations were
associated with reduced risk of CRC in another (Kato et al, 1999). Van
Guelpen et al (2006) observed no significant association overall between
plasma folate concentration and CRC although they noted that when plasma
folate concentrations were divided into fifths, the risk was significantly higher
in the third and fourth fifth, but not in the highest, compared to the lowest
fifth. This study did not adjust for a number of other factors that might affect
CRC risk such as intake of other dietary variables or use of aspirin or nonsteroidal anti-inflammatory drugs.

316.

Details of prospective studies investigating the association of serum folate
with CRC risk can be found in Table 33, Annex 7.

317.

Some studies in the USA have suggested an association between multivitamin
use, prior to the introduction of fortification, and a reduction in risk of CRC.
In the Nurses’ Health Study cohort, a reduced risk was observed in colon
cancer incidence after 15 or more years since first use of multivitamins
75
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(RR=0.25, 95% CI 0.13-0.51) (Giovannucci et al, 1998). In the Cancer Prevention
Study II cohort an association was observed with past (10 or more years
previously), but not recent, multivitamin use and reduced risk of CRC (RR=0.71,
95% CI 0.57-0.89) (Jacobs et al, 2003). In the Health Professionals’ Follow-up
Study, multivitamin use of 10 or more years was not associated with a
significant reduction in colon cancer incidence (Giovannucci et al, 1995).
318.

Associations between multivitamin use and disease outcomes cannot be
attributed to a single nutrient, and confounding by health conscious
behaviours among multivitamin consumers (e.g. exercise and dietary factors)
may also complicate interpretation.
Breast cancer

319.

No studies have reported a significant association between folate intake and
breast cancer risk (Zhang et al, 1999; Sellers et al, 2001, 2004; Feigelson et al,
2003). One study (Sellers et al, 2004), however, found that lower dietary
folate intakes were associated with increased breast cancer risk in women
with a family history of breast cancer.

320.

Low folate intake combined with alcohol consumption (and in some studies,
low methionine intake) has been associated with a higher risk of colon and
breast cancers in some epidemiological studies (Giovannucci et al, 1995;
Glynn et al, 1996; Zhang et al, 1999, 2003; Su & Arab, 2001; Sellers et al, 2001).
Alcohol has been shown to act as a folate (or methyl group) antagonist
(Halstead, 1995). Other studies have, however, found no association between
cancer risk and a combined low folate and high alcohol intake (Flood et al,
2002; Harnack et al, 2002; Feigelson et al, 2003).

321.

No studies have reported a significant association between plasma folate
concentrations and breast cancer risk (Wu et al, 1999; Zhang et al, 2003).
Other cancers

322.
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No relationship has been found between dietary folate intake and squamous
or basal cell carcinoma of the skin (Fung et al, 2002, 2003; van Dam et al,
2000), bladder cancer (Michaud et al, 2002), cervical cancer (Alberg et al.,
2000), non-Hodgkin’s lymphoma (Zhang et al, 2000), and pancreatic cancer
(Skinner et al, 2004). Stolzenberg-Solomon et al (2001) found an inverse
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relationship between folate intake and pancreatic cancer in smokers. Two
prospective nested case-control studies that investigated the relationship
between serum folate concentrations and prostate cancer risk reported no
association (Weinstein et al, 2003; Hultdin et al, 2005). Hultdin et al (2005)
found an increased risk for prostate cancer in those with higher serum vitamin
B12 concentrations.
323.

While no relationship between dietary folate intake and lung cancer was
observed in one study (Yuan et al, 2003), a protective effect was reported in
a nested case-control study (Voorrips et al, 2000).

324.

Two prospective studies examining the relationship between dietary folate
intake and the incidence of ovarian cancer (Larsson et al, 2004; Kelemen et
al, 2004) reported no significant association. Both studies, however, observed
that higher dietary folate intakes were associated with reduced risk of ovarian
cancer among women consuming alcohol.

325.

A study in Canada (French et al, 2003) reported that folic acid fortification
(which became mandatory in 1998) was associated with a significant decline
in the incidence of neuroblastoma among children under 17 years of age. The
overall incidence of neuroblastoma declined from 1.57 cases per 10,000
before 1998 to 0.62 cases per 10,000 after 1998 (RR, 0.38; 95% CI: 0.23-0.62)
after adjustment for mean age and median disease stage at diagnosis. No
significant change was found in the rate of infant acute lymphoblastic
leukaemia or hepatoblastoma.
MTHFR gene variants and cancer risk

326.

A review of case-control studies investigating the relationship between
polymorphic genes involved in folate metabolism and colorectal cancer risk
(Little et al, 2003; Sharp & Little, 2004) concluded that, in most studies, the
gene variants MTHFR 677 TT and 1298 CC, associated with low folate blood
concentrations, were also associated with a moderate reduction in risk for
colorectal cancer. Relative risks ranged from 0.45-0.9, but most did not reach
statistical significance.

327.

A prospective study (Van Guelpen et al, 2006) found a reduced CRC risk
associated with the MTHFR 677 TT genotype which was independent of
plasma folate concentrations.
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328.

Some studies have found an increased colorectal cancer risk associated with
the MTHFR 677 TT genotype combined with low folate intake or high alcohol
consumption (Kim, 2003).

329.

It has also been suggested that the MTHFR C677T polymorphism modifies
the relationship between dietary folate intake and breast cancer. A casecontrol study which examined the effect of MTHFR 677 TT and 1298 CC
polymorphisms on the association between folate intake and breast cancer
risk observed that lower intakes of folate were associated with increased
breast cancer risk among all genotypes but particularly among subjects with
the 677 TT genotype (Shrubsole et al, 2004)
Randomised controlled trials
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330.

No RCTs designed to investigate the relationship between folate and cancer
risk have yet reported. A number of small RCTs have examined the effect of
folic acid supplementation on surrogate endpoint biomarkers of CRC but it is
difficult to draw any definitive conclusions from these studies (Kim, 2003).

331.

A follow-up study of nearly 3000 women who participated in a folic acid
supplementation trial during pregnancy in the 1960s assessed the relationship
between folic acid supplementation and death (Charles et al, 2004). Women
in the RCT received placebo, 200µg/day, or 500µg/day folic acid during
pregnancy. In women randomised to the high dose of folic acid, an increased
risk of all cancer deaths was observed (RR 1.70; 95% CI, 1.06-2.72) and a trend
for an increased risk of breast cancer and all cause mortality. The authors
acknowledged that this could be a chance finding as the number of deaths in
the cohort was small (n=24 from a total of 2928 randomised) and the
confidence intervals wide. The study design and statistical analysis of this
trial has been criticised as being inappropriate (Bland, 2005). This study was
also not designed to test the hypothesis that folic supplementation could
influence cancer risk.

332.

Preliminary results (abstract) from an RCT suggest a role of folic acid in the
progression of premalignant lesions (Cole et al, 2005). Subjects with a recent
history of colorectal adenomas were randomly assigned to receive placebo
(n=505) or 1mg/day of folic acid (n=516) with or without aspirin, for 3 years.
At the end of the intervention period, the incidence of colorectal adenomas
was not significantly different between the two groups. In subjects who
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continued supplementation (n=488) with placebo or folic acid, a significant
increase in adenoma multiplicity was reported among subjects consuming
folic acid (RR 1.44; 95% CI, 1.03-2.02). Details are not available of the duration
of the second interval of folic acid supplementation or other factors
considered in the analysis. As this study has not been published in a peerreviewed journal, caution should be exercised in its interpretation.
333.

Hubner et al (2006) investigated effects of variants in folate metabolism
genes on colorectal cancer in 546 patients participating in an RCT
investigating supplementation with folic acid and aspirin for the prevention
of colorectal adenoma recurrence. Participants with a recent history of
colorectal adenomas were randomised into 4 groups: folic acid alone
(500µg/day); aspirin alone (300µg/day); folic acid and aspirin; and placebo.
Colorectal adenoma recurrence was assessed after a period of 3 years. No
association was found between folic acid supplementation or aspirin
treatment and risk of colorectal adenoma or colorectal carcinoma
recurrence. A significantly reduced risk of recurrence was reported for
patients heterogygous for the MTRR A66G polymorphism, or heterozygous
for the MTHFR A1298C polymorphism.

334.

Results from the NORVIT (Bonaa et al., 2006) (see paragraph 293) and HOPE2 (HOPE 2 Investigators, 2006) (see paragraph 294) trials, which examined the
effect of folic acid supplementation on cardiovascular outcomes, also
reported effects on cancer risk. In the NORVIT trial, cancer risk was not
increased in patients supplemented with 800µg of folic acid for 3 years; the
HOPE-2 trial found no significant differences in incident cancers and deaths
from cancer in patients assigned to 2.5mg of folic acid for 5 years or placebo.
However, both the NORVIT and HOPE-2 trials were not designed to
investigate the effect of folic acid on cancer risk and may not have been
adequately powered to detect an association. Additionally, any adverse
effects of folic acid on cancer risk may be specific to a certain stage of
cancer, for example, individuals with premalignant lesions may be at greater
risk and subjects for these trials were not selected on this basis.
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Trends in cancer risk in the USA and Canada following
mandatory fortification
USA
335.

In the USA, voluntary fortification of food products with folic acid was first
authorised in March 1996 and mandatory fortification became effective from
January 1998. For all populations combined, age-adjusted overall trends in
colorectal cancer incidence in the USA5 between 1975-2003 (National Cancer
Institute, 2005) (see Figure 1) show there was a significant increase in
colorectal cancer incidence of 0.8% per year from 1975 until 1985, a significant
decline of 1.8% per year between 1985-1995, a non-significant increase of 1.2%
per year between 1995-1998, followed by a significant decline of 2.1% per year
between 1998-2003. The incidence rate after 1998 continued to decline at
approximately the same rate as before 1996.
Fi g u re 1 : C o lo re c t a l c a n c e r i n c i d e n c e ra t e s , U S A 1 97 5 -2 0 0 3 (per
100,000/year, age-adjusted to the 2000 USA population)
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336.
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The temporary increase in rates of CRC incidence after several years of
decline occurred around the same time as fortification of food products with
folic acid, raising the possibility that fortification might be implicated in the
increase in CRC incidence between about 1996-1998. Food manufacturers

5 Information on cancer incidence was based on data collected by cancer registries participating in the National
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) Program and represents 10-14% of the
population (Edwards et al, 2005).
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began fortifying foods in 1996 (when voluntary fortification was permitted)
and CRC incidence began to increase in the same year. Colorectal tumours
usually develop from benign polyps or adenomas over a period of 10-15 years
(Tomeo et al, 1999). If the increase was caused by fortification then the effect
of folic acid on tumour progression would have to have been instantaneous.
Longer periods of exposure are generally expected before an increase in
cancer or precancerous lesions can be detected, for example, up to 3 years in
polyp recurrence intervention trials (Martinez et al, 2006).
337.

If the trends are considered by sex, it can be seen from Figure 1, that the
increase in CRC incidence occurred in 1996 for men and in 1997 for women.
A more detailed consideration of the trends shows that they also varied by
age (see Figures 5-8, Annex 8): for ages 20-54 years, CRC incidence increased
in 1995 for men and in 1997 for women; for ages 55-64 years, CRC incidence
increased in 1996 for men and in 1997 for women; for ages 65-74 years, CRC
incidence increased in 1996 for men and in 1997 for women; for ages 75 years
and over, CRC incidence increased in 1997 for men and in 1996 for women.
The greatest increases occurred in those aged 75 years and over, suggesting
that the overall trend (Figure 1) is largely driven by the pattern for 75 years and
older age-groups. Precursor high risk polyps are more common in this age
group than in younger age groups (Williams et al, 1982; Clark et al, 1985).

338.

Average plasma and red cell folate concentrations in the USA increased
following folic acid fortification (Pfeiffer et al, 2005) peaking in 1999-2000
before starting to decrease in 2001-2002 (Ganji and Kafai, 2006). However, it
can be seen from Figure 1, that CRC incidence rates (for men and women
combined) started to decline after 1998, i.e. before the decrease in
population blood folate concentrations.

339.

If the increase in CRC incidence was caused by folic acid fortification it is not
clear why the increase should occur at different times in the various age
groups and at different times for men and women or why the change in rates
was not clearly consistent with changes in folate status.

340.

The increased incidence might be explained by improved screening for
colorectal cancer: in 1995, the US Preventive Services Task Force (USPSTF)6
reversed earlier position statements and endorsed screening with fecal
occult blood testing (FOBT) and sigmoidoscopy for people at average risk for

6

The USPSTF is an independent expert advisory panel convened by the US Public Health Service, Department
of Health and Human Services, that systematically reviews the evidence of effectiveness and develops
recommendations for clinical preventive services.
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colorectal cancer (Frame et al, 1997; Levin & Bond, 1996). Examination of
trends in cancer screening practices (Breen et al, 2001) based on data from the
National Health Interview Survey (NHIS)7 , shows that the proportion of the
population aged 50 years or older who reported recent use of screening
endoscopy8 increased from 12% in 1992 to 19% in 1997 for men and from 7%
to 10% in women; use of FOBT increased from 24% in 1992 to 29% in 1998 for
men and from 25% to 26% for women. Use of colorectal cancer screening
using either FOBT or endoscopy increased from 29% in 1992 to 37% in 1997 for
men; and from 28% to 30% in women.
341.

Screening for CRC may lead to increased incidence since cancers are
detected earlier than they would be otherwise. It may also lead to decreased
incidence since premalignant lesions can be identified and removed before
they develop into cancer. This makes it difficult to make inferences about the
effect of screening on incidence rates, particularly as different tests are
recommended which may have differing effects on incidence, and trends in
their use appear to vary for men and women and over time. The overall
marked decline in CRC incidence rates in the 1990s has been attributed to
increased screening (Cress et al, 2006).

342.

There are no clear temporal changes in the incidence of other cancers such
as breast, lung, and prostate following mandatory folic acid fortification.
Canada

343.

7

82

In Canada, fortification of food with folic acid was permitted in December
1996 and became mandatory in November 1998. Age-adjusted trends in CRC
incidence in Canada9 for 1977 to 2003 (see Figure 2) show non-significant
increases of 1.7% per year after 1997 for men and 1.2% per year after 1996 for
women (Canadian Cancer Society/National Cancer Institute of Canada,
2006). Since 2000, rates have reverted to the previous longer time trend
showing a decline in CRC incidence for men and women.

The NHIS is conducted annually by the National Center for Health Statistics of the Centers for Disease Control
and Prevention. It is a continuing, nationwide in-person survey of approximately 40,000 households in the
civilian non-institutionalised population.
8 The term endoscopy refers to screening procedures that may have consisted of rigid procto-sigmoidoscopy,
flexible sigmoidoscopy, or colonoscopy.
9 Incidence data were available for all the provinces and territories. Incidence rates are estimates for Quebec
2002 and 2003 and for Ontario 2003.
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Figure 2: Colorectal cancer incidence rates, Canada 1977-2003 (per
100,000/year, age-standardised to the 1991 Canadian population)
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344.

As in the USA, the timing of the increase in CRC incidence differed for men
and women; however the increase in Canada occurred earlier for women
than for men, whereas the reverse was observed in the USA.

345.

There are no nationally representative data available on blood folate
concentrations in Canada before and after fortification. A retrospective
study which analysed clinical samples obtained from Canadian women aged
65 years and older from Ontario and British Columbia reported a 64%
increase in mean serum folate concentration: from 14.8nmol/L (6.5µg/L)
before fortification (January 1996-December 1997) to 24.2nmol/L (10.7µg/L)
post-fortification (January 1998-December 2000) (Ray et al, 2003). Analysis of
clinical samples obtained from women aged 18-42 years in Ontario reported
that mean red blood cell folate concentration increased by 41%, from
527nmol/L (232.7µg/L) pre-fortification to 741nmol/L (327µg/L) postfortification (Ray et al, 2002). Caution should be applied in the interpretation
of these results as they are based on clinical samples from 1-2 provinces. It is
not known if the decline in CRC incidence after 2000 coincided with a
decline in blood folate concentrations as there are no data on folate status
in Canada after 2000.
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346.

Survey data on the use of colorectal cancer screening are available for only a
few regions10 which may not be representative of the Canadian population
and there are no data on trends in cancer screening practices.

347.

Examination of trends for the incidence of other cancers shows that after
1996 there was a significant decline in the incidence of lung cancer (1.6%) for
men and a significant increase in the incidence of prostate cancer (3.4%); for
women, there was a non-significant decline (1.0%) in Non-Hodgkin lymphoma
after 1997.
Committee on Carcinogenicity
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348.

Evidence on the possible association between folic acid and cancer risk was
referred to the Committee on Carcinogenicity (2006) for their consideration.
The Committee agreed there were multiple plausible mechanisms by which
folic acid could influence cancer risk. It was agreed that evidence from
animal studies suggested timing of the folic acid intervention, i.e. before or
after development of premalignant lesions, may be an important factor in
cancer risk. It was observed, however, that: folic acid deficient diets were
associated with a reduction in body weight (Song et al, 2000), which may also
influence cancer risk; dose levels used in several of the animal studies (e.g.
Wargovich et al, 1996; Reddy et al, 1996; Le Leu et al, 2000) were considerably
higher than would be achieved by fortification; and a clear dose-response
relationship was not apparent (Wargovich et al, 1996). The difficulties of
extrapolating findings from animal studies to humans were noted.

349.

With regard to the human studies, it was noted that a reduced cancer risk was
suggested by epidemiological studies; however the presence of other
micronutrients in multivitamin supplements was a complicating factor. It was
agreed that preliminary findings reported in the abstract of the unpublished
RCT by Cole et al (2005) suggest that folic acid may increase the
development of colorectal adenomas in people with a previous history of
this condition. It was noted that a number of factors might determine the
susceptibility of individuals or groups to increased risk of cancer. The
Committee concluded that it was uncertain if the possible association of high
folic acid intakes with increased cancer risk outweighed the known and
potential health benefits and that this balance might vary across individuals
and populations by genetic characteristics and life stage.

10 British Columbia, Newfoundland and Labrador covered 100% of the population, Saskatchewan (covered 63% of
the population) and Ontario (covered 27% of the population; Toronto not included).
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Summary
350.

Although evidence from prospective studies suggests a trend towards a
protective effect of folate intake on colon cancer risk, some studies did not
adjust for all likely confounding factors, e.g. dietary fibre intake, which has
been shown to be correlated with folate intakes and CRC risk (Bingham et
al, 2005).

351.

Some animal models suggest a dual action of folic acid in cancer
development: high intakes may suppress the development of early lesions in
normal tissue but may increase the progression of established neoplasms.

352.

The evidence for an association between folic acid and increased or reduced
cancer risk in humans is equivocal. No RCTs designed to investigate the
relationship between folic acid and cancer incidence have yet reported.

353.

Time trends for CRC incidence in the USA and Canada show that mandatory
fortification of foods with folic acid occurred at around the same time as
non-significant increases in CRC incidence. If the increased rate was caused
by folic acid fortification, the effect of folic acid on cancer progression would
have to have been immediate. The increases in CRC incidence occurred at
different times for men and women in both countries. In the USA, the timing
of the increase in CRC incidence also varied for different age groups. The
timing of changes in average blood folate concentration of the USA
population was also not clearly consistent with changes in CRC incidence.
The increases in CRC incidence rates cannot be readily explained by changes
in screening practices for CRC detection. Time trends in national cancer
incidence rates can be affected by various factors; fluctuations in rates over
a few years are often observed but can rarely be attributed with confidence
to any single factor.

354.

Although the trend data do not prove an association, they raise concerns
about a possible relationship between folic acid fortification and increased
CRC progression. Further RCTs would be required to determine if folic acid
is associated with increased risk of cancer in susceptible populations.
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Folate and cognitive function
355.

The relationship between folate status and cognitive function was previously
considered by COMA (DH, 2000). No conclusions could be drawn at that
time. Deficiencies of several B vitamins have been known to lead to
neurological deterioration and cognitive decline, but it may be that
moderately low or subclinical B vitamin status is associated with cognitive
impairment in people aged 65 years and over (Selhub et al, 2000).
Plasma homocysteine and cognitive decline or dementia in people aged 65
years and over

356.

In people aged 65 years and over, plasma tHcy concentrations have been
shown to be positively associated with age, independently of vitamin status,
and negatively associated with folate status, independently of age and other
vitamin status (Selhub et al., 1993).

357.

In cross-sectional and case-control studies of people aged 65 years and over,
elevated plasma tHcy concentrations, and low folate and vitamin B12 status,
have been associated with poor cognition (Riggs et al, 1996; Selhub et al,
2000; Duthie et al, 2002; Durga et al, 2006), dementia and Alzheimer’s disease
(Clarke et al, 1998; Quadri et al, 2004). Hyperhomocysteinemia has also been
associated with Parkinson’s disease in case-control studies (Kuhn et al, 1998).
Prospective epidemiological studies
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358.

Several prospective cohort studies have investigated the association between
plasma tHcy concentrations, B vitamin status and cognitive decline or
dementia. In the study by Clarke et al (1998), 43 patients with dementia of
Alzheimer’s type were followed-up for 3 years and radiological evidence of
disease progression was determined each year. Patients with plasma tHcy
concentrations > 11µmol/L showed a more rapid progression of the clinical
syndrome of dementia than those below this cut-off. The association
between blood concentrations of folate and vitamin B12 at the first visit and
disease progression showed a similar trend, but this was not statistically
significant.

359.

In a study of 32 normal elderly subjects (aged 69-80 years) followed-up for 5
years (McCaddon et al, 2001), plasma tHcy concentration was found to
predict cognitive scores (mini-mental state examination and Alzheimer’s
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disease assessment scale, cognitive component) independently of age, sex,
education, renal function, serum folate and vitamin B12 concentrations,
smoking and hypertension (p<0.001). However, the number of subjects in this
study and in the study by Clarke et al (1998) were very small.
360.

In a cohort of 370 elderly people (aged 75 years and over), low baseline serum
concentrations of both folate and vitamin B12 were associated with twice the
risk of Alzheimer’s disease three years later (Wang et al 2001). Plasma tHcy
concentrations were not measured in this study.

361.

In a European multicentre study of 586 subjects (aged 75-80 years) followedup for 5 years (Eussen et al, 2002), no associations were observed between
mental health (mini-mental state examination and geriatric depression scale)
and plasma vitamin B12 or folate concentrations. Plasma tHcy concentration
was not measured in this study.

362.

A subsample of the Framingham Study cohort in the USA (n=1092, aged 68-97
years and without dementia) was followed-up for a median of eight years.
During this time, 111 subjects developed dementia, including 83 with Alzheimer’s
disease. Increased plasma tHcy concentrations were associated with an
increased risk of dementia and Alzheimer’s disease independently of age, sex,
apolipoprotein E genotype, CVD risk factors other than plasma concentrations
of tHcy, folate, vitamin B12 and vitamin B6 (Seshadri et al, 2002).

363.

A follow-up of the Framingham Study cohort included 2096 subjects without
dementia or stroke who were followed-up for 11 years and stratified into
three age groups (40-49 years, 50-59 years, 60-82 years) (Elias et al, 2005). In
subjects aged over 60 years (n=705) higher plasma tHcy concentrations were
associated with lower multiple measures of cognitive performance
independently of age, sex, CVD risk factors other than plasma concentrations
of tHcy, folate, vitamin B12 and vitamin B6. In the 60-82 years group, plasma
vitamin B12 concentrations, but not plasma folate or vitamin B6, showed a
positive association with cognition. In subjects aged less than 60 years, no
associations with cognitive performance were observed.

364.

A study of subjects drawn from the Maastricht Aging Study (n=144; aged 3080 years) and followed-up for 6 years, investigated the relationship between
cognitive performance, plasma tHcy concentrations, serum vitamin B12
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concentrations and folate concentrations (Teunissen et al, 2003). Word
learning and delayed recall tests (though not cognitive speed and information
processing) were negatively associated with plasma tHcy concentration
independently of age, sex and education level. No significant associations
with serum vitamin B12 and folate concentrations were observed.
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365.

A cohort of 180 healthy community-dwelling older adults (aged 65 years or
over) in the USA, post-fortification, was followed-up for 2.3 years and
assessed using psychometric measures (Garcia et al, 2004). Of the cognitive
tests employed, Stroop scores (a measure of executive cognitive function)
correlated significantly with plasma tHcy concentrations independently of
age, sex, education, diabetes mellitus, hypertension, serum vitamin B12
concentrations and red blood cell folate concentrations.

366.

Luchsinger et al (2004) followed up a cohort of 679 subjects in the USA, preand post-fortification, without dementia (aged 65 years or over) for an
average of 4.7 years and determined cognitive function and dementia
diagnosis. No association between plasma tHcy concentrations and either
cognitive function or dementia was observed. Plasma concentrations or
dietary intakes of B vitamins were not measured.

367.

A cohort of 499 healthy community-dwelling older adults (aged 70-79 years)
in the USA, pre-fortification, was followed-up for 7 years and assessed using
five standardised cognitive performance tests (Kado et al, 2005). In age and
sex-adjusted analyses, increasing quartiles of plasma tHcy concentrations and
decreasing quartiles of plasma folate and vitamin B6 concentrations were
associated with increased risk of cognitive decline. After adjustment for
folate and plasma tHcy concentrations, however, only low plasma folate
concentrations predicted cognitive decline.

368.

A prospective study in the Netherlands (Mooijaart et al, 2005) assessed
whether plasma concentrations of tHcy, folic acid, or vitamin B12 predicted
cognitive decline in old age. Participants (n=599; aged 85 years and over) were
followed-up for 4 years. Cognitive tests (including MMSE, Stroop test, letter
digit coding test, word recall test) were administered at baseline and then
annually for 4 years. Cross-sectional analyses found that higher serum
concentrations of tHcy and lower serum concentrations of folic acid were
significantly associated with cognitive impairment. There was no association
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between serum concentrations of vitamin B12 and cognitive decline. In the
longitudinal analyses, no association was observed between plasma tHcy,
folic acid, or vitamin B12 and rate of cognitive decline.
369.

A prospective study of 3718 elderly subjects in the USA (aged 65 years or
over), followed-up for a median of 5.5 years, unexpectedly found that a
high folate intake, especially from supplements, was associated with a
faster rate of cognitive decline (Morris et al, 2005). The rate of cognitive
decline among persons in the highest quintile of folate intake (median,
742µg/day) was twice that of those in the lowest quintile of intake (median,
186µg/day). These differences in the annual rates of cognitive decline
between the first and fifth quintiles of intake were the equivalent of seven
years of older age. The rate of cognitive decline was more pronounced in
those taking folic acid supplements of more than 400µg/day (p=0.001
compared to nonusers). The effect was less pronounced with folate intake
from food (p=0.04). In a multiple-adjusted model that included folate
intake, the rate of decline for an average 80-year old, consuming a
supplemental dose of 20µg/day of vitamin B12, was 25% lower than the
rate of cognitive decline for a similar person consuming 2.4µg/day; vitamin
B12 intake, with or without supplementation, was not significantly
associated with cognitive decline overall.

370.

There are a number of limitations to this study: dietary intakes were
determined by food frequency questionnaire; in 86% of participants this
information was collected before the introduction of the mandatory
fortification of flour with folic acid in 1998; and there were no follow-up
measures. Furthermore, no measures of folate or vitamin B12 status were
reported and the extent of biochemical vitamin B12 deficiency was not
determined.

371.

In Italy, a cohort of 816 dementia-free subjects (aged 65 years and over) was
followed-up for an average of 4 years and assessed for subsequent
development of dementia and Alzheimer's disease (Ravaglia et al, 2005).
Serum vitamin B12, folate and tHcy concentration were measured at baseline.
Plasma tHcy concentrations (>15µmol/L) were associated with an increased
risk of dementia and Alzheimer's disease independently of age, sex,
education, apolipoprotein E genotype, cardiovascular disease hypertension,
diabetes, smoking status, BMI and serum concentrations of creatinine, folate
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and vitamin B12. Low serum folate concentrations (≤ 11.8nmol or 5.2µg/L) but
not vitamin B12 concentrations, were also independently associated with an
increased risk of dementia and Alzheimer's disease.
372.

A study in the USA, pre-fortification, followed 321 men (aged 50-85 years) for an
average of 3 years and examined the relationship between measures of
cognitive function (mini-mental state examination and tests of working
memory, recall, language and spatial copying) and plasma tHcy concentration
and B vitamin (folate, vitamin B6 and vitamin B12) intakes and status (Tucker et
al, 2005). Measures of spatial copying ability were significantly associated with
plasma tHcy concentration (negatively) and with concentrations and intakes of
the B vitamins (positively), but only folate (status and intakes) remained
independently protective against a decline in spatial copying after adjustment
for other B vitamins and plasma tHcy concentration.

373.

A prospective study which combined data from the Health Professionals’
Follow-up Study and the Nurses’ Health Study cohorts examined the
relationship between folate intake and Parkinson’s disease (Chen et al, 2004).
A total of 47,341 men (aged 40-75 years) and 88,716 women (aged 30-55 years)
were followed-up for an average of 12.7 and 17.3 years respectively. During
this time, 248 men and 167 women developed Parkinson’s disease. Baseline
intakes of folate, vitamin B12, and vitamin B6 were not associated with risk of
Parkinson’s disease.
Randomised controlled trials
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374.

A Cochrane review identified four small RCTs that examined the effect of
folic acid supplementation (with or without vitamin B12) in preventing
cognitive impairment or slowing its progress (Malouf et al, 2003). Insufficient
evidence was found for any effect of folic acid in either older healthy women
or in patients with mild to moderate cognitive decline and dementia.

375.

A Cochrane review, which included two small trials, examined the effect of
vitamin B12 administration (oral or intramuscular) in preventing cognitive
impairment or slowing its progress (Malouf & Areosa Sastre, 2003). The
review concluded that there was insufficient evidence of any effect of
vitamin B12 therapy on cognitive function of older people with low serum
vitamin B12 concentrations and dementia. The authors noted that large RCTs,
of sufficient duration, were required to evaluate any effect of vitamin B12 on
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cognitive function in older people with low serum vitamin B12
concentrations, with and without dementia.
376.

Results from 3 placebo-controlled RCTs have been reported subsequent to
the Cochrane reviews. A trial of 140 older subjects (average age 74-75 years;
plasma MMA concentration of 0.40-2.00µmol/L), given intramuscular
injections of either vitamin B12 (1mg) or control, every 4 weeks for 3 months
(Hvas et al, 2004), reported no effect of vitamin B12 administration on
cognitive function or symptoms of depression.

377.

In a trial of 195 older subjects (average age 76 years), 7.2% had vitamin B12
deficiency and 11% had folate deficiency; 64% of men and 45% of women had
plasma tHcy concentrations of 16µmol/L or higher. The intervention group
(n=126) were supplemented daily with 500µg vitamin B12, 800µg folic acid and
3mg vitamin B6, while the control group (n=69) received placebo for 4
months (Lewerin et al, 2005). Although B vitamin status and plasma tHcy
concentrations were normalised, no effect of B vitamin supplementation was
observed on movement or cognitive function.

378.

In another trial of 276 adults (aged 65 years and older), participants received
either a daily dietary supplement containing 1mg of 5methyltetrahydrofolate, 500µg vitamin B12 and 10mg of vitamin B6, or
placebo for 2 years (McMahon et al, 2006). Although plasma tHcy
concentration was significantly lower in the intervention group than the
placebo group, there were no significant differences in cognitive function.

379.

Clarke (2006) noted that the trial by McMahon et al (2006) lacked statistical
power as it included too few participants and treatment duration was too
short. These limitations also apply to the trials by Hvas et al (2004) and
Lewerin et al (2005). Clarke (2006) also suggests that randomised evidence
for the effects of 3-7 years of B-vitamin treatment on cognitive function may
be available for 20,000-50,000 participants from a meta-analysis of the large
homocysteine-lowering trials for the prevention of cardiovascular events (see
section 7).
Summary

380.

Observational studies suggest that higher plasma tHcy concentrations are
associated with poorer cognitive function and risk of dementia in older
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people. The results from studies investigating an association between B
vitamin intakes and status and cognitive function are equivocal.
381.

RCTs have, as yet, failed to demonstrate any effect of folic acid or vitamin B12
therapy on cognitive function in older people, which might be due to
insufficient sample size and duration.

382.

There are indications of possible benefit but, overall, the evidence for either
beneficial or deleterious effects of folic acid or vitamin B12 therapy on
cognitive function in older people is presently inconclusive.

Folate and depression
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383.

A number of case-control and cross-sectional studies have reported lower
blood folate concentrations in patients with depression compared to
patients with other mental disorders or healthy subjects (Alpert et al, 2000).
These studies have a number of limitations including small sample size,
inadequate control groups, and confounding with a number of other factors
associated with depression. Two population-based cross-sectional studies
which controlled for possible confounders did not observe an association
between serum folate concentration and depression (Penninx et al, 2000;
Lindeman et al, 2000). Another population-based cross-sectional study
(Morris et al, 2003) observed an association between folate status and
lifetime depression only in subjects who had recovered from depression
during the previous year but not in subjects still suffering from depression.

384.

One prospective study of 2,313 men (aged 42-60 years), followed up for an
average of 13 years (Tolmunen et al, 2004), observed a higher risk of receiving
a discharge diagnosis of depression (RR 3.01, 95% CI: 1.56-5.82, p=0.001) in
those with an energy-adjusted folate intake below the median relative to
those above the median. The mean energy-adjusted folate intake in this
population was 256µg/day; the median intake was not provided.

385.

A Cochrane review (Taylor et al, 2006) identified 3 RCTs which examined the
effectiveness of folic acid in the treatment of depression. Two studies
compared treatment with 500µg/day of folic acid for 10 weeks (Coppen &
Bailey, 2000) or 15mg/day methyltetrahydrofolate for 6 months (Godfrey,
1990) to placebo in the context of continued use of antidepressant
medication; one study compared treatment with 50mg/day
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methyltetrahydrofolate for 8 weeks to 50mg/day of an antidepressant drug
(Passeri et al, 1993). The review concluded that although there was some
evidence that augmentation of antidepressant treatment with folic acid may
improve outcome, the limited evidence meant that the size of any potential
benefit was uncertain and may be clinically insignificant. The trial which
compared use of methyltetrahydrofolate as an alternative to antidepressant
medication identified no benefit but was underpowered to measure a
moderate difference between treatment.
Summary
386.

Overall, there is insufficient evidence from prospective studies and RCTs to
suggest an association between folate and depression.

Folate and bone health
387.

Two prospective cohort studies have observed an association between raised
plasma tHcy concentrations and non-vertebral osteoporotic fractures in
older people (McLean et al, 2004; van Meurs et al, 2004) independent of age
and bone mineral density (van Meurs et al, 2004), as well as other potential
risk factors. Interference of collagen cross-linking by plasma tHcy has been a
suggested mechanism behind this association, and van Meurs et al (2004)
speculated that raised plasma tHcy concentration interferes with the
development of the microarchitecture of bone independently of the amount
of mineral in the bone.

388.

A prospective study in 1748 postmenopausal women (aged 45-58 years;
followed-up for 5 years) observed an association between the MTHFR TT
genotype and low bone mineral density and increased fracture incidence
(Abrahamsen et al, 2003). Macdonald et al (2004), observed no association
between the MTHFR genotype and bone mineral density in a cohort of 1241
women (aged 45-54 years) who were followed-up for an average of 6.6 years.
There was also no association between B vitamin intake (including folate) and
bone mineral density.

389.

An RCT in 628 patients (aged 65 years or over) with stroke, examined the
effect of folic acid and vitamin B12 supplementation on the occurrence of hip
fractures (Sato et al, 2005). Patients received either placebo or a daily dose
of 5mg folic acid and 1.5mg vitamin B12 for two years. At baseline all patients
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had high plasma tHcy and low serum vitamin B12 concentrations. After two
years, plasma tHcy concentrations decreased by 38% in the treatment group
and increased by 31% in the placebo group. The treatment group had
significantly fewer hip fractures (RR=0.20; 95% CI: 0.08-0.50) than the placebo
group. The fall frequency and reduction in metacarpal bone mineral density
was similar in both groups.
390.

Van Meurs and Uitterlinden (2005) have urged caution in the interpretation of
these results and suggested that their generalisability may be limited as the
patients had an unusually high incidence of hip fracture (4.3% per year
compared to 0.3% for women and 0.6% for men in the average Japanese
population of the same age) and the trial had a low statistical power, with
only 33 hip fractures during the study period. The mean plasma tHcy
concentration of patients was also high (19.9µmol/L) and previous studies
(McLean et al, 2004; van Meurs et al, 2004) suggest there is a threshold above
which plasma tHcy concentration predicts increased fracture risk.
Summary

391.

94

Although there are suggestions of possible benefit, overall, there is insufficient
evidence for beneficial effects of folic acid on bone health. There is no
evidence to suggest deleterious effects of folic acid on bone health.
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8

The potential impact of
mandatory fortification of flour
with folic acid: benefits and risks
Modelling exercise

392.

393.

The effect of fortifying flour with different doses of folic acid on the total
folate intake (taking account of current levels in fortified foods, supplement
use, processing losses, overage) of different population age groups was
investigated by modelling intake data from the NDNS series (Annex 2). Flour
was considered the most appropriate vehicle for fortification because of its
near universal and narrow variability of consumption in the population
(COMA, 2000). The purpose of the modelling exercise was to explore the
effect of mandatory folic acid fortification of flour on the:
•

Average intakes of folic acid;

•

proportion of the population with folate intakes below the RNI11 ;

•

risk of NTD-affected pregnancies;

•

total numbers in the population who might be exposed to doses of folic
acid above the UL per day set for folic acid12 ;

•

number of people aged 65 years and over, with low vitamin B12 status,
who might be exposed to doses of folic acid above 1mg/day.

In the UK, a GL of 1mg/day for folic acid was set for adults (EVM, 2003). A GL
was not set for children as there were no data reporting adverse effects of
high levels of folic acid in children. ULs were set for children in the USA and
Europe which were extrapolated from the UL for adults on the basis of body
weight. As GLs were not set for children in the UK, ULs were used for the
purpose of the modelling exercise in order to estimate the total proportion
of the UK population (including children) who might be exposed to high
intakes of folic acid.

11 RNI for adults & children: 100µg/d for 4-6y; 150µg/d for 7-10y; 200µg/d for 11y and above.
12 UL for adults (≥18y) (FNB, 1998; SCF, 2000): 1mg/d; UL for children (SCF, 2000): 300µg/d for 4-6y; 400µg/d for
7-10y; 600µg/d for 11-14y; 800µg/d for 15-17y.
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394.

The potential effects of mandatory fortification of flour with folic acid were
assessed at four different levels: 100µg/100g flour, 200µg/100g flour,
300µg/100g flour and 450µg/100g flour. After processing losses this would
result in actual levels of 75µg/100g flour, 150µg/100g flour, 225µg/100g flour
and 338µg/100g flour respectively.

395.

To enable a comparison to be made of the effects of mandatory fortification
with/without folic acid intakes from voluntary fortification and
with/without folic acid intakes from voluntary fortification and supplement
consumption, the modelling exercise also considered the effect of
mandatory fortification of flour with folic acid excluding the contribution of
folic acid intakes from:
•

fortified breakfast cereals and fortified fat spreads but including the
contribution from supplements;

•

fortified breakfast cereals, fortified fat spreads, and supplements.

Methods and assumptions
Folic acid intakes
396.

Estimates of the contribution of folic acid intake from supplements,
voluntarily fortified breakfast cereals, and fat spreads, are the mean of values
including and excluding overage. This is to represent typical chronic folic acid
consumption from these sources, which will vary according to when they are
consumed (levels of folic acid will decrease over time and will be higher if
consumed shortly after the manufacturing process).

397.

Estimates of the contribution of folic acid intakes from voluntarily fortified
foods are based on levels contained in these foods at time of publication.
NTD risk

398.

96

Data to model the effects of folic acid fortification of flour on reducing NTD
risk are limited. The reduction in NTD risk for women of childbearing age (<50
years) was estimated using two different approaches, based on either
maternal red cell folate concentrations (Daly et al, 1995; 1997) or maternal
serum folate concentrations (Daly et al, 1995; Wald et al, 2001) in response to
increasing levels of folate intake. Both approaches are based on the data from
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the study by Daly et al (1995). These two methods were used to provide an
estimated range of the number of NTD-affected pregnancies which could be
prevented at the 4 different levels of folic acid fortification of flour. The
lower estimate in the range is based on the analysis by Wald et al (2001) and
the upper estimate is based on the analysis by Daly et al (1995; 1997).
Estimates of NTD risk at different levels of fortification were based on the
current estimate of 700-900 NTD-affected pregnancies in the UK (see
paragraph 171). Further details of how NTD risk was estimated are provided
in Annex 2.
399.

A number of uncertainties in the data used to model the reduction in NTD
risk (Daly et al, 1995; 1997) may over- or under-estimate the impact of
fortification on NTD risk (see paragraph 104).

400.

More importantly, the effect of folic acid on reducing NTD risk is dependent
on background blood folate concentrations (Daly et al, 1997), so at a
particular dose of folic acid the proportional reduction in risk will be less
with higher initial blood folate concentrations. The study by Daly et al (1995),
which estimated the dose-response relationship between red cell folate
concentration and NTD risk, was carried out in an Irish population in the late
1980s who may have had lower blood folate concentrations than women in
the UK in 2006; use of this data to estimate NTD risk reduction would tend,
therefore, to overestimate the effect of fortification.
Low vitamin B12 status

401.

To estimate the number of people people aged 65 years and over with low
vitamin B12 status at risk of exceeding folic acid intakes of 1mg/day following
mandatory fortification, it was assumed that the prevalence of low vitamin
B12 status was 5-10% (Clarke et al, 2004).

402.

Further details of the methods and assumptions used for the modelling
exercise are provided in Annex 2.

Results of modelling exercise
403.

The summary results obtained from the modelling exercise at each level of
flour fortification are shown in Table 10 (including wholemeal flour) and Table
11 (excluding wholemeal flour). Results including/excluding foods voluntarily
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fortified with folic acid (breakfast cereals and fat spreads) and supplements
are also shown in Tables 10 and 11. More detailed results of the modelling
exercise, by population age groups, are presented in Annex 2 (Tables 12-17).
Ta bl e 1 0: E f f ec ts o n t h e U K po pul a ti on * o f m an da to r y f o r ti fi ca ti on o f al l f l o ur w ith
fo l i c a ci d I N C L U DI NG fo r ti f i c a ti o n of wh o le me a l f lo u r
Fortification
level of folic
acid µg/100g
flour (level
in food after
processing)

Average
increase
in folic
acid
intake
(µg/day)13

Estimated
mean
total
folate
intakes
(µg/day)

Estimated
number (%) of
people with
intakes below
RNI**14

Estimated
number (%)
exceeding the
UL of folic
acid/day**15

Estimated
number aged
65y+ with
low vitamin
B12 status
exceeding
1mg/d folic
acid***

Estimated NTD
pregnancies
prevented
per year16
(% reduction in
NTD risk)

Includes folate and folic acid from all sources (including estimates of overage)17
0

0

302

13,261,000 (23%)

127,000 (0.2%)

900

0

100 (75)

57

359

5,876,000 (10%)

241,000 (0.4%)

1,700

47-99 (7-11%)

200 (150)

115

409

2,940,000 (5%)

460,000 (0.8%)

2,800

91-198 (13-22%)

300 (225)

172

474

1,518,000 (3%)

907,000 (1.5%)

3,300

126-285 (18-32%)

450 (338)

258

560

799,000 (1%)

2,535,000 (4.3%)

9,000

175-378 (25-42%)

Excluding folic acid from fortified breakfast cereals and fat spreads
0

-74

232

21,257,000 (36%)

18,000 (0.03%)

800

100 (75)

-17

290

9,043,000 (15%)

38,000 (0.06%)

800

-70 (-10%)
-7 (-1%)

200 (150)

40

347

4,288,000 (7%)

52,000 (0.09%)

900

42-90 (6-10%)

300 (225)

98

404

2,195,000 (4%)

119,000 (0.2%)

900

84-189 (12-21%)

450 (338)

184

491

1,139,000 (2%)

660,000 (1.1%)

1,400

140-315 (20-35%)

Excluding folic acid from fortified breakfast cereals, fat spreads and supplements
0

-85

217

22,404,000 (38%)

0

0

-91 (-13%)

100 (75)

-28

274

9,627,000 (16%)

0

0

-28 (-4%)

200 (150)

30

331

4,589,000 (8%)

0

0

28-54 (4-6%)

300 (225)

87

389

2,353,000 (4%)

59,000 (0.1%)

0

70-153 (10-17%)

450 (338)

173

475

1,224,000 (2%)

557,000 (0.9%)

0

126-288 (18-32%)

* Based on data from the NDNS which does not include pregnant or lactating women
** Figures rounded to the nearest 1,000
*** Figures rounded to the nearest 100
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13 Across all population groups (Table 18, Appendix 1, Annex 2).
14 For each age group (DH, 1991).
15 For each age group: 4-6y, 300µg/d; 7-10y, 400µg/d; 11-14y, 600µg/d; 15-17y, 800µg/d; adults, 1mg/d (European
Scientific Committee on Foods, 2001). The largest proportion of the numbers exceeding the UL are children
4-10y (see paragraphs 404, 409, 412, 415, 418)
16 See paragraph 398 which explains why there is a range for NTD prevention.
17 Mean of values for overage applied and not applied.
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Ta bl e 1 1 : E f fe c ts on th e U K p o p u l at i o n* of ma n d a to r y f or t i f i c a ti o n o f f l o ur w i th f o li c
ac id EXC LU DI NG f o r tif ic ati on o f who l em ea l f l ou r
Fortification
level of folic
acid µg/100g
flour (level
in food after
processing)

Average
increase
in folic
acid
intake
(µg/day)18

Estimated
mean
total
folate
intakes
(µg/day)

Estimated
number (%) of
people with
intakes below
RNI**19

Estimated
number (%)
exceeding the
UL of folic
acid/day**20

Estimated
number aged
65y+ with
low vitamin
B12 status
exceeding
1mg/d folic
acid***

Estimated NTD
pregnancies
prevented
per year
(% reduction in
NTD risk)
0
21

Includes folate and folic acid from all sources (including estimates of overage)
100 (75)

0

302

13,261,000 (23%)

127,000 (0.2%)

900

0

200 (150)

51

353

6,417,000 (11%)

225,000 (0.4%)

1,700

42-93 (6-10%)

300 (225)

102

403

3,424,000 (6%)

404,000 (0.7%)

2,000

82-180 (12-20%)

450 (338)

152

454

1,888,000 (3%)

773,000 (1.3%)

2,500

114-261 (16-29%)

228

530

1,235,000 (2%)

2,200,000 (3.7%)

6,300

163-369 (23-41%)

Excluding folic acid from fortified breakfast cereals and fat spreads
0

-74

232

21,257,000 (36%)

18,000 (0.03%)

800

100 (75)

-24

283

10,019,000 (17%)

38,000 (0.06%)

800

-70 (-10%)
-14 (-2%)

200 (150)

27

334

5,146,000 (9%)

52,000 (0.09%)

900

35-63 (5-7%)

300 (225)

78

385

3,001,000 (5%)

115,000 (0.2%)

900

77-162 (11-18%)

450 (338)

154

461

1,636,000 (3%)

559,000 (1.0%)

900

126-279 (18-31%)

Excluding folic acid from fortified breakfast cereals, fat spreads and supplements
0

-85

217

22,404,000 (38%)

0

0

100 (75)

-34

267

10,645,000 (18%)

0

0

-91 (-13%)
-35 (-5%)

200 (150)

17

318

5,400,000 (9%)

0

0

21-36 (3-4%)

300 (225)

68

369

3,308,000 (6%)

55,000 (0.1%)

0

63-126 (9-14%)

450 (338)

144

445

1,828,000 (3%)

470,000 (0.8%)

0

112-252 (16-28%)

* Based on data from the NDNS which does not include pregnant or lactating women
** Figures rounded to the nearest 1,000
*** Figures rounded to the nearest 100

18
19
20
21

Across all population groups (Table 18, Appendix 1, Annex 2).
For each age group (DH, 1991)
For each age group (European Scientific Committee on Foods, 2001); see footnote 15.
Mean of values for overage applied and not applied.
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Effects of mandatory fortification of flour with folic
acid including current levels of folic acid intake from
voluntary fortification and supplements
Without mandatory fortification of flour with folic acid
404.

It can be seen from Table 10 (line 1: fortification level, 0) that at current
levels of folic acid intake in the UK (from voluntary fortification and
supplements), without mandatory fortification of flour with folic acid:
•

The average folate intake of the population is approximately 302µg/day;

•

Approximately 23% of the population (13,261,000 people) have intakes
below the RNI for folate;

•

Approximately 0.2% of the population (127,000 people) are exceeding
the UL/day set for folic acid intake; the largest proportion are children
aged 4-6 years and 7-10 years (57% or 72,000 children) as the ULs/day are
much lower for these age groups (300 and 400µg/day respectively) than
for adults (1mg/day);

•

Approximately 900 adults aged 65 years and over, with low vitamin B12
status, are exceeding folic acid intakes of 1mg/day.

Introduction of mandatory fortification of flour with folic acid
405.

The first section of Tables 10 and 11 headed Including folate and folic acid
from all sources, shows the effects of mandatory fortification of flour with
folic acid at current levels of folic acid intake (from voluntarily fortified foods
and supplements) including and excluding wholemeal flour respectively.

406.

In the sections below, which describe the information presented in the tables,
the figures are estimates of the effect of folic acid fortification of all flour;
the figures in parentheses denote the effect of fortification if wholemeal
flour is exempted.
Fortification with folic acid at 100µg/100g flour

407.

100

The average folate intake of the population would increase by 57 (51) µg/day.
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408.

Approximately 47-99 (42-93) NTD-affected pregnancies would be prevented
which represents a 7-11% (6-10%) reduction in risk. The average percentage of
the population with intakes below the RNI for folate would decrease from
23% to 10% (11%).

409.

Approximately 241,000 (225,000) people in the UK would exceed the UL/day
for folic acid intakes, an increase of 90% (77%) or 114,000 (98,000) people.
Sixty-two percent (65%) of individuals exceeding the UL/day would be
children aged 4-10 years. Approximately 1700 (1700) people aged 65 years and
over, with low vitamin B12 status, would be at risk of exceeding folic acid
intakes of 1mg/day (an increase of 89% or 800 people).
Fortification with folic acid at 200µg/100g flour

410.

The average folate intake of the population would increase by 115 (102)
µg/day.

411.

Approximately 91-198 (82-180) NTD-affected pregnancies would be
prevented which represents a 13-22% (12-20%) reduction in risk. The average
percentage of the population with intakes below the RNI would decrease
from 23% to 5% (6%).

412.

Approximately 460,000 (404,000) people in the UK would exceed the
UL/day for folic acid intakes, an increase of 262% (218%) or 333,000 (277,000)
people. Sixty-six percent (70%) of individuals exceeding the UL/day would
be children aged 4-10 years. Approximately 2,800 (2,000) people aged 65
years and over, with low vitamin B12 status, would be at risk of exceeding folic
acid intakes of 1mg/day, an increase of 211% (122%) or 1,900 (1,100) people.
Fortification with folic acid at 300µg/100g flour

413.

The average folate intake of the population would increase by 172 (152)
µg/day.

414.

Approximately 126-285 (114-261) NTD affected pregnancies would be
prevented, which represents an 18-32% (16-29%) reduction in risk. The average
percentage of the population with intakes below the RNI would decrease
from 23% to 3% (3%).
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415.

Approximately 907,000 (773,000) people would exceed the UL/day for folic
acid intakes, an increase of 614% (509%) or 780,000 (646,000) people. Sixtynine percent (71%) of individuals exceeding the UL/day would be children
aged 4-10 years. Approximately 3,300 (2,500) people aged 65 years and over,
with low vitamin B12 status, would be at risk of exceeding folic acid intakes
of 1mg/day, an increase of 267% (177%) or 2,400 (1,600) people.
Fortification with folic acid at 450µg/100g flour

416.

The average folate intake of the population would increase by 258 (228)
µg/day.

417.

Approximately 175-378 (163-369) NTD-affected pregnancies would be
prevented which represents a 25-42% (23-41%) reduction in risk. The average
percentage of the population with intakes below the RNI would decrease
from 23% to 1% (2%).

418.

Approximately 2,535,000 (2,200,000) people would exceed the UL/day for
folic acid intakes, an increase of 1896% (1632%) or 2,408,000 (2,073,000)
people. Fifty-six percent (58%) of individuals exceeding the UL/day would be
children aged 4-10 years. Approximately 9,200 (6,400) people aged 65 years
and over, with biochemical vitamin B12 deficiency, would be at risk of
exceeding folic acid intakes of 1mg/day, an increase of 922% (611%) or 8,300
(5,500) people.
Effect of folic acid fortification on folate intakes of women of childbearing age
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419.

The effects of folic acid fortification on folate intakes of women of child
bearing age (14-49 years) are detailed in tables 14-15, Annex 2. The average
folate intake of women aged 14-49 years is approximately 281µg/day (Table
15, Annex 2). Women in two lowest quintiles of folate intake have average
total folate intakes below the RNI of 200µg/day (132 and 195µg/day
respectively) (Table 14, Annex 2).

420.

The effect of folic acid fortification of flour by quintile of current folate
intake on women aged 14-18 years is illustrated in Figure 4, Annex 2. It can be
seen that folic acid fortification of flour would increase the total folate
intakes across all quintiles, including those in the two lowest quintiles. Similar
results were seen for women aged 19-49 years.
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Effect of ma nd atory fo rti ficatio n excluding folic acid
intakes from fortified breakfast cereals/fortified spreads
and including folic acid intake from supplements
421.

See second section of Tables 10 and 11, headed: Excluding folic acid from
fortified breakfast cereals and fat spreads.
Without mandatory fortification of flour with folic acid

422.

Without folic acid intakes from fortified breakfast cereals and fat spreads, it
can be estimated that:
•

The average folate intake of the population would decrease by 74µg/day.

•

There would be approximately 70 more pregnancies affected by NTDs
(10% increase in risk).

•

The percentage of the population with intakes below the RNI for folate
would increase from 23% to 36%.

•

Approximately 18,000 people would exceed the UL/day for folic acid
intake (decrease of 86% or 109,000 people).

•

Approximately 800 adults aged 65 years and over, with low vitamin B12
status, would exceed folic acid intakes of 1mg/day (decrease of 11% or
100 people).

Introduction of mandatory fortification of flour22 with folic acid
423.

The introduction of mandatory fortification with folic acid at a level of
100µg/100g flour, without the contribution of folic acid intakes from fortified
breakfast cereals/fortified spreads, would not be sufficient to overcome the
decrease in folic acid intake and the subsequent increased risk of NTDaffected pregnancies.

424.

Without folic acid intakes from fortified breakfast cereals/fat spreads,
mandatory fortification with folic acid at a level of 200µg/100g flour would
be required to reduce NTD risk by 6-10% (5-7%). At this level, average folic
acid intakes would increase by 40 (27) µg/day and 7% (9%) of the population

22 Figures in parentheses denote the effect of fortification if wholemeal flour is exempted.
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would have intakes below the RNI for folate. However, this would also result
in approximately 52,000 (52,000) people exceeding the UL/day for folic acid
intake (59% less than current levels). Compared to current levels, there would
be no change in the number of people (including and excluding wholemeal
flour) aged 65 years and over, with low vitamin B12 status, exceeding folic acid
intakes of 1mg/day.
425.

Mandatory fortification with folic acid at a level of 300µg/100g flour would
reduce the risk of NTD-affected pregnancies by 12-21% (11-18%). Average folic
acid intakes would increase by 98 (78) µg/day and the percentage of the
population with intakes below the RNI for folate would be 4% (5%) . At this
level, 119,000 (115,000) people would have intakes above the UL/day for folic
acid which is 6% (9%) less than current levels. Compared to current levels,
there would still be no change in the number of people (including and
excluding wholemeal flour) aged 65 years and over, with low vitamin B12
status, exceeding folic acid intakes of 1mg/day.

426.

With mandatory fortification at a level of 450µg/100g flour, the risk of NTDaffected pregnancies would be reduced by 20-35% (18-31%). Average folic
acid intakes would increase by 184 (154) µg/day and the percentage of the
population with intakes below the RNI for folate would be reduced to 2%
(3%). However, the numbers with intakes above the UL/day for folic acid
intake would be substantially higher than current levels, increasing by 420%
(340%) or 539,000 (432,000) people. The number of people aged 65 years and
over, with low vitamin B12 status, exceeding folic acid intakes of 1mg/day
would also increase by 56% or 500 people (no change compared to current
levels if wholemeal flour excluded).

Effect of mandatory fortification of flour with folic acid
excluding the c ontr ibutio n o f fol ic a cid i nta kes fro m
fortified breakfast cereals, fortified spreads, and
supplements
427.

104

See third section of Tables 10 and 11, headed: Excluding folic acid from
fortified breakfast cereals, fat spreads and supplements.
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Without mandatory fortification of flour
428.

Without folic acid intakes from fortified breakfast cereals, fortified fat
spreads, and supplements:
•

The average folate intake of the population would decrease by 85µg/day.

•

There would be approximately 91 more pregnancies affected by NTDs
(13% increase in risk).

•

The percentage of the population with intakes below the RNI for folate
would increase from 23% to 38%.

•

It is unlikely that anyone would exceed folic acid intakes above the
UL/day.

•

It is unlikely that any adults aged 65 years and over, with low vitamin B12
status, would exceed folic acid intakes of 1mg/day.

Introduction of mandatory fortification of flour23 with folic acid
429.

Mandatory fortification with folic acid at a level of 100µg/100g flour would
not be sufficient to overcome the increased risk of NTD-affected pregnancies
caused by removing the contribution of folic acid intakes from fortified
breakfast cereals/fortified spreads and supplements.

430.

Without folic acid intakes from fortified breakfast cereals/fat spreads and
supplements, mandatory fortification with folic acid at a level of 200µg/100g
flour would be required to reduce NTD risk by 4-6% (3-4%). At this level,
average folic acid intakes would increase by 30 (17) µg/day and the
percentage of the population with intakes below the RNI for folate would be
8% (9%). It is unlikely that anyone would exceed the UL/day for folic acid
intake or any adults aged 65 years and over, with low vitamin B12 status,
would exceed intakes of 1mg/day.

431.

Without folic acid intakes from fortified breakfast cereals/fat spreads and
supplements, mandatory fortification with folic acid at a level of 300µg/100g
flour would reduce NTD risk by 10-17% (9-14%). Average folic acid intakes
would increase by 87 (68) µg/day and the percentage of the population with

23 Figures in parentheses denote the effect of fortification if wholemeal flour is exempted.
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intakes below the RNI for folate would be reduced to 4% (6%).
Approximately 59,000 (55,000) people would have intakes above the UL/day
for folic acid which is 54% (57%) less than current levels. It is unlikely that any
adults aged 65 years and over, with low vitamin B12 status, would exceed folic
acid intakes of 1mg/day.
432.

Mandatory fortification with folic acid at a level of 450µg/100g flour would
reduce the risk of NTD-affected pregnancies by 18-32% (16-28%). Average
folic acid intakes would increase by 173 (144) µg/day and the percentage of
the population with intakes below the RNI for folate would be reduced to 2%
(3%). However, the numbers with intakes above the UL/day for folic acid
intake would be substantially higher than current levels, increasing by 338%
(270%) or 430,000 (343,000) people. It is unlikely that any adults aged 65
years and over, with low vitamin B12 status, would exceed folic acid intakes
of 1mg/day.

Comparison of the effects of excluding folic acid intakes
from fortified breakfast cereals and fat spreads only
with excluding folic acid intakes from fortified breakfast
cereals, fat spreads, and supplements
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433.

Including or excluding folic acid intakes from supplements would result in
little difference in the number of people with intakes below the RNI for
folate: 36% including supplements and 38% excluding supplements. This
suggests that compared to fortified foods, supplements do not make an
important contribution to helping people achieve the RNI for folate intake.

434.

The increased risk of NTD-affected pregnancies is lower if folic acid intakes
from supplements are included (10% increased risk/70 more NTD-affected
pregnancies) than if they are excluded (13% increased risk/91 more NTDaffected pregnancies), indicating that supplements make an additional
contribution to reducing NTD risk.

435.

Approximately 127,000 people in the UK are currently exceeding the UL/day
for folic acid. Out of this total, 14% can be attributed to supplement
consumption (18,000 people) and 86% (109,000 people) to consumption of
fortified foods. This suggests that folic acid intakes above the UL/day for
folic acid are largely due to consumption of foods fortified with folic acid.
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436.

There would be approximately 800 adults aged 65 years and over, with low
vitamin B12 status, exceeding folic acid intakes of 1mg/day if folic acid intakes
from supplements are included and unlikely to be any if folic acid intakes
from supplements are excluded. This suggests that folic acid intakes above
1mg/day in this age group are due to the consumption of supplements
containing folic acid. However, it can be seen that fortified breakfast cereals
and fat spreads contribute to folic acid intakes just below 1mg/day in this age
group because when folic acid intake from all sources is included (first
section, Tables 10 & 11), the introduction of mandatory fortification at a level
of 100µg/100g flour (line 2, column 5) leads to 800 more adults aged 65 years
and over, with low vitamin B12 status, exceeding folic acid intakes of 1mg/day;
this increase can be attributed to fortified breakfast cereals and fortified
spreads because when folic acid is excluded from these foods (but included
from supplements) (second section, Tables 10 & 11) and mandatory
fortification is introduced at 100µg/100g (line 2, column 5), there is no
increase in the numbers exceeding 1mg/day.
Summary

437.

At current levels of folic acid intake, including intakes from voluntary
fortification and supplements, mandatory fortification of flour with
increasing levels of folic acid would progressively: reduce NTD risk and the
percentage of the population with intakes below the RNI for folate; increase
the number of people with intakes above the UL/day for folic acid and the
number of adults aged 65 years and over, with low vitamin B12 status,
exceeding folic acid intakes of 1mg/day.

438.

Including wholemeal flour in the fortification process confers little additional
benefit in reducing the risk of NTD-affected pregnancies. Exempting
wholemeal flour from fortification would reduce the numbers at risk of
exceeding the UL/day for folic acid intakes.

439.

Removing the contribution of folic acid intakes from fortified breakfast
cereals and fortified fat spreads (but including intakes from supplements) to
current intakes, would: increase the risk of NTD-affected pregnancies and the
percentage of the population with intakes below the RNI for folate; decrease
the percentage of the population with intakes above the UL/day for folic
acid intake and the number of adults aged 65 years and over with low vitamin
B12 status, with folic acid intakes above 1mg/day.
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440.

Removing the contribution of folic acid intakes from fortified breakfast
cereals, fortified fat spreads and supplements to current intakes would
further increase the number of NTD-affected pregnancies and the
percentage of the population with intakes below the RNI for folate.
However, it is unlikely that anyone would exceed the UL/day for folic acid
intake and it is unlikely that any adults aged 65 years and over with low
vitamin B12 status, would exceed folic acid intakes of 1mg/day.

441.

Without the contribution of folic acid intakes from fortified breakfast cereals
and fortified spreads, or from fortified breakfast cereals, fortified spreads and
supplements, mandatory fortification of flour with folic acid at 200µg/100g
flour would be the lowest level required to overcome the increased risk of
NTD-affected pregnancies. At doses of 200µg/100g and above, the
additional folic acid from flour would exceed the amount lost by excluding
folic acid intake from voluntary sources. NTD risk would be progressively
reduced with increasing levels of fortification.

442.

At all levels of mandatory fortification (100-450µg/100g flour), without the
contribution of folic acid intakes from fortified breakfast cereals and fortified
spreads, or from fortified breakfast cereals, fortified spreads and
supplements, the proportion of the population with intakes below the RNI
for folate would be lower than current levels. With increasing levels of folic
acid fortification, the proportion of the population with intakes below the
RNI for folate intake would be progressively reduced.

443.

After excluding the contribution of folic acid intakes from fortified breakfast
cereals and fortified fat spreads (but including intakes from supplements),
mandatory fortification with folic acid at doses of 100-300µg/100g, would
result in 38,000-119,000 people exceeding the UL/day for folic acid intake;
this would, however, still be less than the numbers exceeding the UL/day at
current voluntary fortification levels, without mandatory fortification. Only
fortification at 450µg/100g flour would result in the number of people with
intakes above the UL/day exceeding current levels.

444.

After excluding the contribution of folic acid intakes from fortified breakfast
cereals, fortified fat spreads and supplements, it is unlikely that mandatory
fortification with folic acid at doses up to 200µg/100g flour, would expose
any individuals to intakes above the UL/day for folic acid. With fortification
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at 300µg/100g flour, the percentage of the population exceeding the UL/day
for folic acid would still be 54% (57%) lower than current levels. At
fortification levels above this amount, the number of people with folic acid
intakes above the UL/day would exceed current levels.
445.

Without the contribution of folic acid intakes from fortified breakfast cereals
and fortified fat spreads (but including intakes from supplements), it is
unlikely that mandatory fortification with folic acid at doses up to
300µg/100g flour would increase the number of adults aged 65 years and
over, with low vitamin B12 status, exceeding intakes of 1mg/day, compared to
current levels.

446.

Without the contribution of folic acid intakes from fortified breakfast cereals,
fortified fat spreads and supplements, at all levels of mandatory fortification
(100-450µg/100g flour), it is unlikely that any adults aged 65 years and over,
with low vitamin B12 status, would exceed intakes of 1mg/day.

447.

Current intakes of folic acid above the UL/day for folic acid intake are largely
due to consumption of foods voluntarily fortified with folic acid.

448.

Present consumption patterns of supplements and foods voluntarily fortified
with folic acid contribute to the highly variable intakes of folic acid, resulting
in large sections of the population with intakes below the RNI for folate and
considerable numbers of people with intakes of folic acid above the UL/day.

449.

Results from the modelling exercise suggest that, without the contribution of
folic acid from voluntary sources, mandatory fortification of flour with folic
acid would confer a more even distribution of folic acid intakes across the
population compared to current voluntary fortification and supplement use.
The redistribution of folic acid intakes would mean that women at greatest
risk of NTD-affected pregnancies, i.e. those with the lowest folate intakes,
would be reached through mandatory fortification.

450.

If no foods were voluntarily fortified, the option that appears to provide the
optimum balance between benefits and possible risks is mandatory
fortification at a level of 300µg of folic acid per 100g flour (excluding
wholemeal flour). At this level it is estimated that: 77-162 NTD-affected
pregnancies/year could be prevented (11-18% risk reduction); the proportion
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of the population with intakes below the RNI would be reduced from 23% to
5%; the number of people with folic acid intakes exceeding the UL/day
would be reduced by 12,000; and there would be no change in the number of
adults aged 65 years and over, with low vitamin B12 status, exceeding intakes
of 1mg/day.

Comparison of results from the modelling exercise with
COMA estimates of the impact of mandatory
fortification of flour with folic acid
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451.

COMA considered the effect of increasing folic acid intake through
fortification of flour (DH, 2000) at slightly different levels of folic acid (140,
200, 240, 280, 420µg/100g flour). In the current modelling exercise, the
additional increase in daily average intakes of folic acid at various levels of
fortification are lower than those estimated by COMA (DH, 2000). For
example, at folic acid doses of 200µg/100g flour (including wholemeal),
COMA estimated an increase of 167µg/day in the average folic acid intake of
women aged 16-45 years, compared to the current estimate of 100µg/day for
women aged 14-49 years (see Table 15, Annex 2). This is because COMA did
not take processing losses into account and also overestimated the
percentage of flour in food products.

452.

COMA concluded that folic acid fortification of all flour at a dose of
240µg/100g flour would have a significant effect in preventing NTD-affected
pregnancies without resulting in unacceptably high intakes in any group of
the population. It was estimated that fortification at this level would
increase the folic acid intake of women aged 16-45 years by 201µg/d and
reduce the risk of NTD-affected pregnancies by 41%. Results from the current
modelling suggest that this is equivalent to a fortification level of 450µg/100g
flour (excluding wholemeal flour) which would increase folic acid intake of
women aged 14-49 years by 202µg/d (Table 15, Annex 2) and reduce NTDaffected pregnancies by 23-41%.

Folate and Disease Prevention

Comparison of results from the modelling exercise with
the experience in the USA following mandatory
fortification
453.

It has been estimated that folic acid fortification in the USA has resulted in
additional intakes of approximately 215-240µg/d of folic acid (Quinlivan &
Gregory, 2003), which has resulted in a 19% decline in NTD-affected births
and a 27% decline in NTD affected pregnancies. Data from the modelling
exercise suggest that to achieve an increase in folic acid intake equivalent to
that observed in the USA, would require fortification of flour at levels
between 300-450µg/100g, which would result in additional folic acid intakes
of 172-258µg/d.

454.

Pfeiffer et al (2005) compared data from NHANES 1999-2000 and NHANES III
carried out in 1988-1994. Median serum folate concentrations increased by
158% from 12.5nmol/L (5.52µg/L) in NHANES III to 32.2nmol/L (14.2µg/L) in
NHANES 1999-2000 and median red blood cell folate concentrations
increased from 392nmol/L (173µg/L) to 635nmol/L (280µg/L), an increase of
62%. The prevalence of low serum folate concentrations (defined as
6.8nmol/L or 3µg/L) decreased from 16% in NHANES III to 0.5% in NHANES
1999-2000 for the US population and from 20% to 0.8% in women of
childbearing age (12-49 years). The prevalence of low red blood cell folate
concentrations (defined as <317nmol/L or 140µg/L) decreased from 31% in
NHANES III to 3% in NHANES 1999-200 for the USA population and from 38%
to 5% in women of childbearing age.

455.

The impact of folic acid on NTD reduction is affected by background folate
blood concentrations (see paragraph 400). The 2001 NDNS of adults aged 1964 years (Ruston et al, 2004) shows that in the UK median serum folate
concentrations for men and women were 18.8nmol/L (8.3µg/L) and
21nmol/L (9.3µg/L) respectively; median red cell folate concentrations were
694nmol/L (306.4µg/L) for men and 685nmol/L (302.4µg/L) for women.
These data suggest that blood folate concentrations may be higher in the UK
than they were in the USA pre-fortification. However, caution should be
applied when comparing blood folate concentrations across different
laboratories and countries as there is considerable uncertainty about the
reliability of analytical methods and considerable inter-assay and interlaboratory variation (Gunter et al, 1996; Puwastein et al, 2005). Different assay
111
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methodologies were used to assess folate status in the USA and UK;
application of a correction factor to adjust for known assay-bias between the
different methods suggests that current values in the UK are of a similar
magnitude to those in the USA prior to mandatory fortification (C Bates;
personal communication, 2006).
456.

Figure 3, compares the NTD risk reduction estimated from the modelling
exercise with the decrease in NTD risk observed in the USA following mandatory
fortification. It can be seen that the change in NTD rates in the USA falls within
the range of values for NTD risk reduction estimated by the modelling.
Fi gu r e 3 : Mo de l l ing e s ti ma te s o f th e e f f ec t of fo u r l ev el s o f f o r tif i ca tio n o n
NTD r i sk i n cl ud i ng a nd ex cl u d i n g w h ol e me al fl o ur
excluding wholemeal) are based on red cell folate
The upper estimates ( including wholemeal,
concentrations (Daly et al, 1995; Daly et al, 1997) and the lower estimates (■ including wholemeal, ●
excluding wholemeal) are based on plasma folate concentrations (Daly et al, 1995; Wald et al, 2001).
The change observed in the USA following fortification is also shown (▲) together with limits based on
uncertainty in the actual level of fortification achieved (Quinlivan & Gregory III, 2003). The USA data
are extrapolated to lower levels of fortification.

Level of fortification (ug/100g flour)
100

200

300

450

45

40

% NTD risk reduction

35

USA data

30

25

20

15

10

5

0
0

50

100

150

200

250

300

Increase in folic acid intake (ug/day)

457.

112

There are no data available from the USA on whether the risk of vitamin B12
deficiency being undetected has increased post fortification. Data from
hospital discharge surveys, compiled by the CDC and the National Center for
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Health Statistics, provide an indication of clinical disease associated with
vitamin B12 deficiency. The number of listed discharge diagnoses from shortstay hospitals for pernicious anaemia, for adults aged 65 years and above, was
25,000 in 1995 (Graves & Gillum, 1997), 28,000 in 1999 (Popovic, 2001), and
18,000 in 2003 (Kozak et al, 2006).
458.

In the same years, no discharge diagnoses were listed for subacute combined
degeneration of the spinal cord. A minimum sample size of 30 is one of the
criteria used to define reliability of estimates and the number of reports for
subacute combined degeneration of the spinal cord has remained too small
to allow a reliable estimate (J Wright; personal communication, 2006). The
data indicate that the number of diagnoses of subacute combined
degeneration of the spinal cord have not increased post-fortification. This
suggests that mandatory fortification has not lead to a delay in the detection
of vitamin B12 deficiency by masking the diagnosis of pernicious anaemia.

459.

Comparison of data from the NHANES 1999-2000 and NHANES III (1988-1994)
show that the proportion of people over 60 years with serum concentrations
of vitamin B12 below 185pmol/L has decreased from 13% pre-fortification to
7% post-fortification (Pfeiffer et al, 2005). The prevalence of people over 60
years with serum vitamin B12 concentrations below 148pmol/L was slightly
lower (3%) pre-fortification compared to post-fortification (5%).
Summary

460.

Results from the current modelling exercise suggest that the daily average
intakes of folic acid following mandatory fortification would be lower than
those estimated by COMA (DH, 2000).

461.

Mandatory fortification with folic acid at doses between 300-450µg/100g
flour would be required to achieve an increase in folic acid intakes equivalent
to those in the USA following the introduction of mandatory fortification.

462.

National data from short-stay hospital discharge surveys in the USA suggest
that cases of subacute combined degeneration of the spinal cord have not
increased following mandatory fortification.
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9

Overall summary and
conclusions

463.

Following the COMA report, Folic Acid and the Prevention of Disease (DH,
2000), this report considered: UK dietary intakes of folate and other B
vitamins involved in folate metabolism; trends in the incidence of neural tube
defect (NTD) affected pregnancies in the UK and in countries where
mandatory fortification has been introduced; the possible effects of
mandatory fortification of flour with folic acid on reducing the risk of NTDaffected pregnancies in women of childbearing age; the possible effects on
people aged 65 years and over with low vitamin B12 status; and other
potential health benefits and risks to the UK population of mandatory
fortification of flour with folic acid.

464.

Folate is a generic term for a family of B-group vitamins. There are large
numbers of naturally occurring folates but methyl- and formyltetrahydropteroylpolyglutamates are the main forms found in foods. Folic
acid (pteroylmonoglutamic acid) is a synthetic form used in supplements and
food fortification.

465.

Folates are metabolised following absorption to 5-methyl tetrahydrofolate,
which is usually the only form found in plasma. Oral doses of folic acid (in
excess of about 260µg) can lead to the appearance of unmetabolised folic
acid in the blood. This has raised concerns regarding high intakes of folic acid.

466.

In the USA and Europe, the recommended tolerable upper intake level (UL)
for folic acid from fortified foods and supplements is 1mg/day24 for adults.
The UL represents the highest level of a nutrient that is likely to pose no risk
of adverse health effects for most individuals in the population. In the UK,
the evidence for adverse effects of folic acid was considered insufficient to
confidently establish a safe upper level (SUL)25. Instead, a Guidance Level (GL)
of 1mg/day of folic acid was recommended for adults. The GL is based on
limited data and represents an approximate indication of intakes that would
not be expected to cause adverse effects. By setting a GL, the EVM
recognised that the data on adverse effects of folic acid were not sufficiently
robust to set an SUL. The UL/GL set for folic acid were based on concerns

24 The UL of 1mg/d was extrapolated back from a lowest observed adverse effect level of 5mg/d and includes a
safety factor of 5.
25 The SUL represents the amount of a nutrient that can be consumed daily over a lifetime without significant
risk to health and is based on adequate available evidence.
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relating to vitamin B12 deficiency. The effects of long-term exposure to folic
acid intakes above 1mg/day on other health outcomes are unknown.
467.

There are no data to suggest that high intakes of folic acid have any adverse
effects on children. The critical endpoints relating to vitamin B12 deficiency,
which were used as the basis to set a UL for adults, have not been reported
for children. ULs set for children in the USA and Europe were, therefore,
extrapolated from the UL for adults on the basis of body weight. As there
were no data reporting adverse effects in children, GLs were not set for
children in UK.

468.

Data from the British National Diet and Nutrition Survey (NDNS) series
indicate that average daily folate intakes are above the reference nutrient
intake (RNI26) for all age groups. Red cell folate concentrations less than
350nmol/L (154µg/L) were reported in 8% of women aged 19-24 years and
4% of those aged 25-34 years indicating an increased risk of marginal folate
status (defined as red cell folate concentration of 230-345nmol/L or 101152µg/L). Evidence of marginal folate status was reported in 21% of freeliving and 19% of institutionalised people aged 65 years and over; folate
deficiency (red cell folate concentration <230nmol/L or 101µg/L) was
reported in 8% of free-living and 16% of institutionalised people aged 65
years and over. However, caution should be applied in the interpretation of
these values as different assays were used to measure folate status across
different surveys in the NDNS series. Values for folate status and normal
ranges are dependent on the assay method used which makes it difficult to
make direct comparisons between different surveys/studies and it may not
be appropriate to apply cutoffs for adequacy obtained from one assay
method to measurements obtained by a different assay method.

469.

There is also evidence of widespread marginal vitamin B2 (riboflavin) status
(EGRAC >1.3), particularly in girls, women, and people aged 65 years and over.
Intakes of vitamin B6 appear to be adequate, however there is evidence of
marginal vitamin B6 status in the population, especially in people aged 65 and
over. There is no evidence to suggest inadequate vitamin B12 intakes in the
general population. Low vitamin B12 status (defined as serum vitamin B12
<118pmol/L) was found in 6% of free-living and 9% of institutionalised people
aged 65 years and over.

26 The RNI does not cover the recommendation that all women who could become pregnant should take an
additional 400 µg/day prior to conception until the 12th week of pregnancy.
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470.

Evidence from RCTs has clearly proven the protective effect of folates in
reducing NTDs. Other factors such as previous history of an NTD-affected
pregnancy, inherited variations in genes controlling folate metabolism,
maternal weight, and diabetes also influence NTD risk.

471.

The current recommendation is for all women who could become pregnant
to take 400µg of folic acid per day as a medicinal or food supplement prior
to conception and until the twelfth week of pregnancy. Women with a
previous pregnancy affected by NTD, who wish to conceive, are advised to
take a daily supplement of 5mg folic acid (DH, 1992). These amounts are
intended to supplement the RNI.
Data on the uptake of this
recommendation are incomplete. Although supplementation with folic acid
prior to conception has been advised since 1992, about half of all pregnancies
are unplanned, which limits the value of recommendations for preconceptional supplementation. Even amongst women planning their
pregnancy, only about half take folic acid supplements or modify their diet
to increase folate intake. Younger mothers and those from the most
socioeconomically deprived areas are the least likely to take any action.

472.

Evidence from studies which have examined the efficacy of European Union
policies recommending women to consume folic acid supplements to reduce
NTD-affected pregnancies have shown no effect on the number of NTDaffected pregnancies. In England and Wales, the recommendation in 1992 for
women to consume folic acid supplements pre- and peri-conceptionally had
no detectable impact.

473.

In the UK, the incidence of NTD-affected pregnancies has shown a steady
decline from the 1960s until the beginning of the 1990s, which may partly be
due to an increase in folic acid intake from supplements and fortified
breakfast cereals. No change was observed in the incidence of NTD-affected
pregnancies in England and Wales during the 1990s. In Scotland and Northern
Ireland, the incidence of NTD-affected pregnancies remained fairly constant
throughout the 1990s although there may have been a downward trend from
the late 1990s onwards in the numbers of NTD-affected births in Scotland.

474.

Improved systems are required for ascertainment of NTD-affected births and
terminations as the available data are insecure, mainly due to underreporting. In 2003, after adjusting for underreporting, there were
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approximately 630-850 NTD-affected pregnancies in England and Wales.
There were approximately 49 NTD-affected pregnancies in Scotland and 11
NTD-affected births in Northern Ireland, in 2003. The extent of underreporting in the NTD-affected pregnancy data from Scotland and Northern
Ireland is not known. It can be estimated that for the UK as a whole, there
were 700-900 NTD-affected pregnancies in 2003. Approximately 70% of
NTD-affected pregnancies in England and Wales in 2003 and 50% of NTDaffected pregnancies in Scotland were terminated therapeutically.
475.

In countries where mandatory fortification with folic acid has been introduced,
there have been reductions of 27% to over 50% in the incidence of NTDaffected pregnancies. At current levels of folic acid intake (including intake
from voluntarily fortified foods and supplements), it is estimated from a
modelling exercise (summarised in Tables 10 & 11, pages 98-99) that mandatory
fortification of all flour (including wholemeal) with folic acid at levels of 100,
200, 300, 450µg/100g flour would reduce the number of pregnancies affected
by NTDs in the UK by 47-99 (7-11%), 91-198 (13-22%), 126-285 (18-32%), and 175-378
(25-42%), respectively. If wholemeal flour were exempted from mandatory
fortification the number of NTD-affected pregnancies would be reduced by 4293 (6-10%), 82-180 (12-20%), 114-261 (16-29%), and 163-369 (23-41%) respectively.

476.

The reduction in NTD risk may be closer to the lower estimates in Tables 10
and 11. This is because of uncertainties in the data used to predict reduction
in NTD risk with mandatory fortification.

477.

The modelling may also overestimate the beneficial effects of mandatory
fortification of flour with folic acid in reducing NTD-affected pregnancies as
it does not take account of the other factors which may influence NTD risk
(see paragraph 470).

478.

An increased risk of clinical vitamin B12 deficiency is characterised by low
blood concentrations of vitamin B12 or elevated concentrations of its related
metabolites. The biochemical measures used to assess vitamin B12 status are
of limited reliability and there are no agreed criteria to define deficiency.
Estimates of the prevalence of low vitamin B12 status have ranged between
5-20% depending on the biochemical markers and criteria used to define
deficiency. A combined analysis of three studies using two biochemical
markers estimated the prevalence of low vitamin B12 status as 5% in people
aged 65-74 years and 10% in people over 75 years (Clarke et al, 2004).
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479.

Clinical evidence of vitamin B12 deficiency presents as anaemia or peripheral
neuropathy, which may be reversible. In some cases, clinical vitamin B12
deficiency leads to the irreversible and serious condition of subacute
combined degeneration of the spinal cord. The incidence and prevalence of
clinical disease caused by vitamin B12 deficiency are uncertain and the extent
to which low vitamin B12 status progresses to clinical disease is not known.
This means that it is not possible to predict the number of people with low
vitamin B12 status that might develop clinically evident reversible disease
such as anaemia or peripheral neuropathy, or rare irreversible disease.

480.

As high doses of folic acid can correct the anaemia associated with clinical
vitamin B12 deficiency, there are concerns that folic acid fortification of flour
may lead to a delay in the diagnosis of vitamin B12 deficiency and allow the
neuropathy to progress. Folic acid intakes of 1mg/day or less are not associated
with masking anaemia. Assuming the prevalence of low vitamin B12 status in
people aged 65 years and over to be 5-10%, it can be estimated that 900 adults
aged 65 years or over in the UK, with low vitamin B12 status, are currently at risk
of consuming more than 1mg/day of folic acid from fortified foods and/or
supplements. At current levels of folic acid intake (including intake from
voluntary fortification and supplements), mandatory fortification of all flour
(including wholemeal flour) with folic acid at doses of 100, 200, 300, and
450µg/day could increase average numbers at risk of consuming over 1mg/day
of folic acid to approximately 1700, 2800, 3300, and 9000 respectively (1700,
2000, 2500, 6300, respectively, if wholemeal flour were exempted). The
proportion that might develop neurological disease is unknown.

481.

No data are available on trends in the clinical incidence of vitamin B12
deficiency, nor for any related neurological damage, from countries that have
introduced mandatory fortification. Although no procedures to monitor
clinical vitamin B12 deficiency were implemented following the introduction
of mandatory fortification, data from national hospital discharge surveys in
the USA suggest that the number of cases of subacute combined
degeneration of the spinal cord has not increased post-fortification.
Evidence from the USA, also indicates that the proportion of people over 60
years with low serum concentrations of vitamin B12 (defined as <185pmol/L)
has decreased from 13% pre-fortification to 7% post-fortification.
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482.

Fortification of flour with vitamin B12 to improve the status in people aged
65 years and over would require doses in excess of 400 times the RNI for
vitamin B12 (1.5µg/d) to correct vitamin B12 deficiency caused by
malabsorption. This is not a feasible option as the effect of population
exposure to such high doses of vitamin B12 is not known.

483.

Evidence from the NDNS shows that people aged 65 years and over may also
be at greater risk of folate deficiency than other population groups. The
modelling exercise suggests that fortification of flour with folic acid would
have beneficial effects in reducing folate deficiency in older people and would
also benefit other population age groups in achieving the RNI for folate.
Evidence from the USA has shown improvements in the folate status of the
population following mandatory fortification: the prevalence of low red blood
cell folate concentrations (317nmol/L; 140µg/L) decreased from 31% before
fortification to 3% after fortification and the prevalence of low serum folate
concentrations (≤ 6.8nmol/L; 3.0µg/L) decreased from 16% to 0.5%.

484.

Typical folic acid intakes in the USA following mandatory fortification appear
to have increased by more than twice the amount originally intended. This is
probably due to overage (the practice of adding nutrients to foods above the
stated level, to allow for losses during manufacture and storage).

485.

Other proposed benefits of the mandatory fortification of flour with folic
acid include a reduced risk of cardiovascular disease, certain cancers, bone
disease and slower age-related cognitive decline. Evidence for these
proposed benefits comes mainly from observations that could be
confounded by associated factors, such as other food constituents or other
B group vitamins. There is currently insufficient evidence from RCTs
examining chronic disease risk to either support or advise against mandatory
fortification of flour with folic acid on these grounds.

486.

Some evidence from animal models suggests a dual action of folic acid on
cancer development i.e., high intakes of folic acid may inhibit tumour
development in normal tissue but may promote the progression of
premalignant lesions. The doses of folic acid used in the animal studies were
considerably higher than the amounts of folic acid likely to be consumed by
humans if mandatory fortification is introduced.
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487.

No RCTs designed to examine an association between folic acid and cancer
incidence in humans have yet reported. Preliminary results (abstract) from an
unpublished RCT (Cole et al, 2005) suggest folic acid intakes above 1mg/day
may promote the progression of existing premalignant colorectal lesions.
Results from the HOPE (HOPE 2 investigators, 2006) and NORVIT (Bonaa et al,
2006) trials, which examined the effect of folic acid supplementation on
cardiovascular outcomes, did not show an effect of folic acid
supplementation (2.5mg/day and 800µg/day of folic acid respectively) on
colorectal cancer (CRC) incidence, however both trials were underpowered
to address this question. Long term RCTs designed to examine an association
between folic acid and CRC risk in susceptible populations are required.

488.

Overall time trends for CRC incidence in the USA and Canada show that
mandatory fortification of foods with folic acid in 1996 occurred at around
the same time as a temporary non-significant increase in rates which
interrupted a more long term trend for a decline in CRC incidence. Incidence
rates continued to decline after 1998. If the increases in CRC incidence
occurred as a result of folic acid fortification then the effect of folic acid on
cancer development would have to have been immediate. It is not clear why
the increase in CRC incidence occurred at different times for men and
women and different age groups. There are also inconsistencies relating to
the timing of the change in rates with changes in population folate status in
the USA. The increased CRC incidence is not readily explained by improved
screening practices for CRC detection. Although the trend data do not prove
a link, they raise concerns about a possible association between folic acid
fortification and CRC development in people with established pre-cancerous
lesions.

489.

There is currently insufficient evidence for an adequate risk assessment of
folic acid and cancer risk or the intake levels which might be associated with
risk. The UL/GL of 1mg/day set for folic acid intake was based on concerns
relating to vitamin B12. Cancer risk was not considered in setting the UL/GL.
A substantial increase in current average population intakes of folic acid and
the numbers consuming more than the UL/day for folic acid should therefore
be avoided.

490.

The main dietary sources of folic acid are supplements and foods which are
fortified on a voluntary basis. Foods voluntarily fortified with folic acid
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include a number of breakfast cereals and some brands of reduced/low-fat
spreads. Consumption of these foods and supplements contribute to a large
proportion of total folate intake for some people.
491.

Folic acid intake from voluntarily fortified foods and supplements is currently
placing approximately 127,00027 people in the UK at risk of consuming intakes
above the UL/day for folic acid. As levels of folic acid in voluntarily fortified
foods are presently uncontrolled, the number of people with intakes above
the UL/day could be higher if folic acid levels in these foods are increased in
the future.

492.

Although the modelling exercise estimated the total number of people
currently exceeding the UL/day for folic acid intake, the largest proportion
are children. This is because the UL/day for children is much lower than that
for adults. It is not known if high intakes of folic acid are associated with any
adverse effects in children (see paragraph 467).

493.

At current levels of voluntary food fortification and supplement use, the
introduction of mandatory fortification of all flour with folic acid at levels of
100, 200, 300, and 450µg/100g flour, would increase the number of people
exceeding the UL/day for folic acid from 127,000 to 241,000, 460,000,
907,000, and 2,535,000 respectively. Without the contribution of folic acid
from voluntarily fortified foods, mandatory fortification with folic acid at
levels of 100, 200, and 300µg/100g flour would reduce the numbers
exceeding the UL/day for folic acid from 127,000 to 38,000, 52,000, and
119,000 respectively; at 450µg/100g flour the numbers exceeding the UL/day
would increase from 127,000 to 666,000. Without voluntary fortification of
foods or consumption of folic acid supplements, mandatory fortification at
100, 200, and 300µg/100g would further reduce the numbers at risk of
exceeding the UL/day to 0, 0, and 59,000 respectively; fortification at
450µg/100g would result in an increase from 127,00 to 557,000.

494.

Although voluntary fortification of foods with folic acid may contribute to
reducing NTD risk, these foods are more expensive and are not usually
consumed by all sections of the population. Replacement of voluntary
fortification of certain foods with mandatory fortification of flour with folic
acid would lead to a redistribution of folic acid intakes within the population
and would be the most effective way to reach those sections of the

27 The largest proportion of the numbers exceeding the UL/day for folic acid intake are children aged 4-10 years
as the UL/day for this age group is much lower than that for adults.
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population with the lowest folate intakes: younger women from the most
socioeconomically deprived areas, who do not follow advice regarding preconceptional supplementation with folic acid or routinely consume
supplements or foods with the highest levels of voluntary fortification.
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495.

Without the contribution of folic acid from voluntarily fortified foods,
mandatory fortification would reduce risks of intakes exceeding the UL per
day for folic acid relative to the current practice of voluntary fortification.
This is because voluntary fortification of foods with folic acid and
inappropriate supplement use are harder to quantify and control and, unlike
flour, their consumption is very variable.

496.

If no foods were voluntarily fortified, and assuming overage is controlled, the
optimal level for mandatory fortification of flour with folic acid would be
300µg/100g flour. This represents the level that would be effective in
reducing NTD risk without increasing the number of people with intakes of
folic acid above the UL/day. It is also unlikely that there would be an
increase in the number of adults aged 65 years and over, with low vitamin B12
status, exceeding folic acid intakes of 1mg/day. Exempting wholemeal flour
from fortification would have little effect on NTD risk but would further
reduce the numbers with intakes of folic acid above the UL/day. At this level
of fortification (not including wholemeal flour and if no foods are voluntarily
fortified), the average total folate intake of the population would be
385µg/day compared to current average folate intakes of 302µg/day.

497.

At fortification levels above 300µg/100g flour there would be further
reductions in NTD risk, however the number of people with folic acid
intakes above the UL/day and the number of adults aged 65 years and over,
with low vitamin B12 status, exceeding intakes of 1mg/day, would be higher
than current levels.
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10 Recommendations
498.

As previously recommended by COMA (DH, 2000), all women who could
become pregnant should take 400µg/day folic acid as a medicinal or food
supplement prior to conception and until the twelfth week of pregnancy.
Women with a history of a previous NTD-affected pregnancy are advised
to take 5mg/day of folic acid prior to conception and until the twelfth
week of pregnancy28.

499.

Individual long-term intakes of folic acid from fortified foods and
supplements above the GL/UL per day29 for folic acid should be avoided. A
proportion of the UK population is currently exceeding the GL/UL per day
due to consumption of foods fortified with folic acid on a voluntary basis
and supplement use. The current risk posed by voluntary fortification of
food with folic acid and supplement use in contributing to intakes above the
GL/UL per day for folic acid needs to be addressed.

500.

Mandatory fortification of flour with folic acid would improve the folate
status of women most at risk of NTD-affected pregnancies. It would also
improve the folate status of other population groups in the UK. However,
mandatory fortification, combined with the current practice of voluntary
fortification of foods with folic acid and inappropriate supplement use,
would substantially increase the numbers in the population consuming levels
of folic acid above the GL/UL per day.

501.

Mandatory fortification should only be introduced in the UK if it is
accompanied by:
•

Action to reduce folic acid intakes from voluntarily fortified foods to
ensure that the numbers of people with intakes above the GL/UL per
day do not exceed current levels and there is no substantial increase in
mean intakes or in the folate status of the UK population30;

•

Measures for careful monitoring of emerging evidence on the effects of
long-term exposure to intakes of folic acid above the GL/UL per day
and the postulated adverse effects, including neurological damage,
CVD, and cancer.

28 Diabetes UK recommends that all women with diabetes planning a pregnancy should also take a 5mg dose of
folic acid daily.
29 Although a GL of 1mg/d of folic acid was set for adults in the UK (EVM, 2003), the EVM did not set GLs for
children. ULs were set for children in the USA (FNB, 1998) and Europe (SCF, 2000) on the basis of body weight.
30 This recommendation is supported by the Committee on Carcinogenicity.
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The introduction of mandatory fortification will require:
•

The establishment of a new baseline for folic acid intakes and blood
folate concentrations prior to fortification to ensure that mandatory
fortification does not lead to substantial increases in folic acid intake
or folate status and so that trends can be monitored in future
surveillance programmes;

•

The adoption of a sufficiently robust common standard analytical
method for measurement of folate status at baseline and in all future
surveillance studies;

•

The establishment of suitable reference ranges to predict folate
adequacy and deficiency.

503.

If mandatory fortification is introduced, the evidence on benefits and
postulated adverse effects should be reviewed after a period of five years.

504.

Mandatory fortification of flour with folic acid, accompanied by action to
reduce folic acid intake from voluntarily fortified foods, would lead to a
redistribution of folic acid intakes of the population. This could provide the
most secure method of balancing the benefits and possible risks to the UK
population as, relative to current practice, it would reduce exposure to intakes
of folic acid above the GL/UL and increase the intake of low consumers.
Careful consideration would need to be given to the issue of overage.

505.

Clear guidance is needed on the use of folic acid containing supplements by
the general population.

506.

If mandatory fortification is introduced in the UK, all women who could
become pregnant and those with a history of a previous NTD-affected
pregnancy should continue to supplement their diet with 400µg/day and
5mg/day of folic acid respectively prior to conception and until the twelfth
week of pregnancy.

507.

There are a number of uncertainties regarding the GL/UL per day set for folic
acid which is based on limited data and is related to concerns regarding
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vitamin B12 deficiency. Further research is required on safe upper levels of
folic acid intake in relation to other postulated risks, such as cancer.
508.

More reliable diagnostic indices to identify vitamin B12 deficiency should be
developed. The development of a clinical strategy to manage issues related
to vitamin B12 is necessary irrespective of a decision on future mandatory
fortification of flour with folic acid.

509.

The prevalence of poor vitamin B2 (riboflavin) status in the UK population
needs to be addressed.
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Annex 1
SACN working procedures
Meetings
1.

The SACN folate sub group was established in 2004 and met twice
during this year. The group met once in 2005 and again in February 2006.

Comments received in response to the draft SACN report on Folate and
Disease Prevention
2.

The draft report was placed on the SACN website on 23 November 2005.
Interested parties were invited to submit comments on the draft report
by 18 January 2006.

3.

Responses were received from the following organisations and
individuals:
1.

Association for Spina Bifida & Hydrocephalus

2.

British Dietetic Association

3.

British Nutrition Foundation

4.

Co-operative Group

5.

Diabetes UK

6.

Folic Acid Action

7.

Food and Drink Federation

8.

Hennock Industries

9.

Institute of Food Research

10. McDaddon, Andrew
11.

MRC Human Nutrition Research

12. National Public Health Service for Wales
13. NHS Wales
14. Nichols, John
15. Rollins School of Public Health of Emory University, USA
16. Rowett Research Institute
17. Royal Free Hampstead, NHS
18. Society for Research into Hydrocephalus and Spina Bifida
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19. St Patrick's Centre for Community Health
20. Sydney West Area Health Service, Australia
21. The Federation of Bakers
22. The Incorporated National Association of British and Irish Millers
Limited
23. The Nutrition Society
24. The University of Sheffield
25. Thrower, Jan
26. University of Newcastle, Australia
27. University of Western Ontario, USA
28. University of Oxford
29. Vos, Eddie
30. Wilson, J.D
31. Wolfson Institute of Preventive Medicine
32. University of Ulster
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4.

Thirty two responses were received to the draft report. The responses
can be viewed, in full, on the SACN website (www.sacn.gov.uk).

5.

The majority of respondents welcomed the report as a comprehensive
and significant review of information available on folic acid and disease
prevention.

6.

The Agency also consulted informally through meetings with various
stakeholder groups, including the Association for Spina Bifida and
Hydrocephalus, millers, bakers and related industries and consumer
representatives.

Folate and Disease Prevention

Annex 2
Potential impact of mandatory folic acid fortification of
flour on folate intakes
1.

The aim of this analysis is to detail current folate (natural folate and
folic acid) intake of the population using National Diet and Nutrition
Survey (NDNS) data and to model the effect of fortification of flour
with folic acid on:
•

Total folate intake, taking into account existing voluntarily fortified
foods, supplement use, processing losses and overages.

•

The proportion of the total population with folate intakes below
the Recommended Nutrient Intake (RNI)1.

•

The risk of neural tube defect (NTD) affected pregnancies;

•

The total number of people who would be exposed to doses of
folic acid above the upper level (UL)2 of folic acid.

•

The number of people aged 65 years and over with low vitamin B12
status: who might be exposed to folic acid intakes above 1mg/day.

Dietary methodology
Current intakes
2.

The most recent consumption data available for each age group of the
British population (aged 4 years and above) was obtained from the NDNS
series (Table 18, Appendix 1). It was assumed that children aged 0-3 years do
not consume flour and would therefore not be affected by fortification.

3.

The amount of flour consumed per day, and the percentage food energy
obtained from flour was calculated for each population group, based on
estimates of the percentage of flour in NDNS food groups described in
Appendix 2 (Table 19). The percentage of food energy derived from bread
was also calculated.

1

RNI for folate is 200µg/day for adults and children above 11 years of age; 100µg/day and 150µg/day for children
aged 4-6 and 7-10 years respectively (Department of Health, 1991).
2 UL for folic acid is 1mg/day for adults aged 18 years and above; 300µg/day, 400µg/day, 600µg/day and 800µg
for children aged 4-6 years, 7-10 years, 11-14 years and 15-17 years respectively (European Scientific Committee
on Food, 2000).
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4.

Data on the folate content of food, including natural folate and foods
voluntarily fortified with folic acid, were taken from the nutrient
databank contemporaneous with each NDNS.

5.

Currently many breakfast cereals and a few brands of fat spreads are
voluntarily fortified with folic acid. Along with supplements, these
fortified foods make a considerable contribution to the total folate
intake of some individuals (see results section Table 13).

6.

For the purpose of the modelling exercise, a number of assumptions
were made in relation to food products contributing to current folate
intake and factors which would affect fortification of flour with folic
acid. These assumptions are shown in Appendix 2 (Table 20).

7.

Folic acid added to food decays during the manufacturing process and in
certain environments over time. To compensate for these losses, food
manufacturers add more than the declared amount to products during
the fortification process, a practice known as overage. This is so the
product fulfils the claim for content at the point of sale and throughout
its shelf life. If consumed shortly after manufacture, levels of folic acid
could be significantly greater than declared on the label.

8.

The following overages for voluntarily fortified products were assumed:
32% for fortified breakfast cereals, 20% for fortified fat spreads and 30%
for supplements. Appendix 2 (Table 20) sets out the basis for these
assumptions. For calculations where the contribution of folic acid from
fortified breakfast cereals, fat spreads and supplements was included,
the mean of values for overage included and overage excluded was used,
to represent typical average levels of folic acid consumed over time.

9.

Adjustments were made to account for known changes in voluntary
fortification procedures since the NDNS series was carried out (most
recent fieldwork in 2000-2001). The model takes the following
considerations into account (Appendix 2, Table 20):
•
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Voluntarily fortified breakfast cereals currently contain levels of
folic acid that differ from the data held in the NDNS nutrient
databanks. Label data on breakfast cereals were therefore taken
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from a recently conducted analytical survey on breakfast cereals
(FSA, 2002) (after checking that voluntary fortification levels were
consistent with current levels in 2006).
•

Voluntarily fortified fat spreads are estimated to account for one
third of consumption of reduced and low fat spreads.

•

Overages are used by manufacturers in voluntary fortification of
breakfast cereals, fat spreads and supplements.

•

The majority of bread is no longer fortified with folic acid, so natural
folate levels for a group of fortified breads in the NDNS databank
were adjusted downwards to represent current natural folate levels
in bread.

10. These data on food composition were used together with the NDNS
consumption data to estimate average folate intakes for each age/sex
group with a breakdown of constituents (natural folate and folic acid
from fortified breakfast cereals, fat spreads and supplements)
contributing to total folate intake.
Potential intake post-fortification
11.

The potential impact of mandatory flour fortification, was estimated by
identifying the NDNS food groups contributing to flour consumption
and estimating the amount of flour in each food group based on
calculations used in the COMA report (Department of Health, 2000). As
these values overestimated the percentage of flour in bread, they were
adjusted to represent more recent recipes and are shown in appendix 2
(Table 19).

12. A processing loss of 25% folic acid in all flour containing food groups was
assumed (Appendix 2, Table 20).
13. Total folate intake was assessed for four different levels of fortification:
100µg/100g flour, 200µg/100g flour, 300µg/100g flour, 450µg/100g
flour. After processing losses this would be equivalent to 75µg/100g,
150µg/100g, 225µg/100g and 338µg/100g of flour in food respectively
for each level of fortification.
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14. The analysis was carried out with the five dichotomous variables listed
below, resulting in 32 different scenarios for each age group at each level
of fortification:
•

Overages included/excluded.

•

Supplements included/excluded.

•

Fortified breakfast cereals included/excluded.

•

Fortified fat spreads consumed by one third of low and reduced fat
spread consumers included/fortified fat spread consumption
excluded.

•

Wholemeal flour included/excluded from fortification.

Effect on current intake & the number of people below RNI for folate
15. The effect of mandatory fortification on reducing the number of people
with intakes below the RNI was estimated.
16. For women of childbearing age mean folate intakes were divided into
quintiles of folate intake (5 equally sized parts in ascending order) for three
population age groups: 14-18, 19-34, and 35-49 years and broken down into
food sources (natural folate and folic acid from fortified breakfast cereals,
fat spreads and supplements) contributing to total folate intake. The mean
intakes were combined with the mean additional folic acid consumed by
each quintile as a result of each level of flour fortification to illustrate the
increase in total folate intake as a result of fortification. Results for females
aged 14-18 years are illustrated graphically in Figure 4. Similar results were
seen for females aged 19-34 and 35-49 years.
NTD-affected pregnancy risk
17. Percent NTD risk associated with each level of mandatory fortification
was calculated for women of childbearing age (14-49 years). Two different
approaches were used due to uncertainties in the available data.
18. The first approach is based on linear interpolation between observations
of the change in NTD risk with changing red cell folate concentration and
the effect of increasing folic acid intake on red cell folate concentration
(Daly et al, 1995; Daly et al, 1997). It was estimated that increasing folic
acid intake by 100µg/day, 200µg/day and 400µg/day would reduce
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NTDs by 22%, 41% and 47% respectively. These estimates provided 3
points to use as a basis for interpolation.
19. The second approach to estimate NTD risk reduction is based on serum
folate concentrations, using data from the same observational study by
Daly et al (1995; 1997), but with further statistical analysis (Wald et al,
2001). Reduction in NTD risk was based on increasing serum folate
concentration in women aged 20-35 years. Serum folate concentrations
increased by 0.94ng/ml for every 0.1mg/day increase in folic acid intake.
Every doubling of serum folate concentration was estimated to halve the
risk of an NTD.
20. The estimates of NTD-affected pregnancies prevented as a result of
mandatory fortification was based on the current estimate of 700-900
NTD-affected pregnancies a year in the UK (see main report). A range in
NTD risk reduction was then calculated using both the Daly and Wald
methods (Daly et al, 1995; 1997; & Wald et al, 2001) for each level of
fortification. The Wald method provided a lower value and so was used
with the lower estimate of 700 NTD-affected pregnancies a year to
calculate the lower estimate of NTD risk reduction. The Daly method
provided a higher value and was used with the upper estimate of 900
NTD-affected pregnancies a year to calculate the upper estimate of NTD
risk reduction resulting in a range in NTD risk reduction.
21. The effect of mandatory fortification on NTD risk was estimated at:
current levels of total folate intake from all sources (including voluntary
fortification and supplements); excluding the contribution of folic acid
from fortified breakfast cereals and fat spreads; and excluding the
contribution of folic acid from fortified breakfast cereals, fat spreads and
supplements.
22. Excluding the contribution of folic acid from fortified breakfast cereals
and fat spreads only and excluding the contribution of folic acid from
fortified breakfast cereals, fat spreads and supplements resulted in a net
decrease in mean folic acid intake and consequently an increased NTD
risk, both for current intake levels and at a fortification dose of
100µg/100g flour. The Wald equation, which estimates the changes in
NTD risk (Wald et al, 2001, Daly et al, 1995; 1997), was used to extrapolate
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for decreased intake. The method used by Daly et al (1995) could not be
used as it only models the decrease in NTD risk for 3 discrete levels of
increased folic acid exposure. At a fortification dose of 200µg/100g
flour and above the additional folic acid from flour fortification
exceeded the folic acid lost through the exclusion of fortified breakfast
cereals and fat spreads only and the exclusion of fortified breakfast
cereals, fat spreads and supplements.
Tolerable Upper Intake Levels
23. In the USA and Europe, the tolerable upper intake level (UL) for folic acid
is 1mg/day for adults (see paragraphs 86-89 of main report). In the UK no
Safe Upper Level has been set for folic acid due to insufficient data. A
guidance level (GL) has been set at 1mg/day for supplemental folic acid
for adults (Expert Group on Vitamins and Minerals, 2003) (see paragraph
90 of main report). ULs were used in the modelling exercise as no GLs
have been set for children. The ULs set for children in the USA and
Europe were extrapolated from the UL for adults on the basis of relative
body weight. The modelling exercise used the ULs for children set by SCF
(European Scientific Committee on Food, 2000) because the age bands
used by SCF correspond most closely to those used in the NDNS series.
Adults aged 65 years and over
24. The number of adults aged 65 years and over with low vitamin B12 status
exceeding 1mg/day folic acid was estimated. The prevalence of low
vitamin B12 status was assumed to be 5% for adults aged 65-74 years and
10% for adults aged 75 years and over (Clarke et al, 2004).
25. The fieldwork for the NDNS survey for adults aged 65 years and over
(Finch et al, 1998) was carried out over ten years ago. The summary report
of the 2000/1 NDNS of adults aged 19 to 64 years (Hoare et al, 2004)
shows an increase in supplement use from 17% of women and 9% of men
in 1986/87 to 40% of women and 29% of men in 2000/1. Assuming that
supplement intake has increased to a similar extent for adults aged 65
years and over means that supplement use will be considerably higher
than it was in 1994/5 when the data for adults aged 65 years and over
were collected. In order to obtain a more accurate reflection of current
folate intakes, the number of adults aged 65 years and over with low
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vitamin B12 status, exceeding folic acid intakes of 1mg/day was also
estimated using intake data for adults aged 50-64 years, from the more
recent survey of adults (NDNS 2002/3, field work carried out in 2000/1).
Although mean folate intakes were greater using the data for adults aged
50-64 years, fewer individuals had folic acid intakes above 1mg/day
compared with data for adults aged 65 years and over; these data are
therefore not presented in the results of the modelling exercise.

Results 3
Flour and bread consumption
Ta bl e 1 2 : Fl o ur an d br e ad c on s um ptio n by p opu l at io n gr o ups
Age (yrs) and sex group

Flour
consumed
per day*
(g)

% Food
energy
from
flour

% Food
energy
from
bread

% Flour
consumed
as bread

4-6 males and females (NDNS 2000) (n=355)
7-10 males and females (NDNS 2000) (n=482)
11-13 males and females (NDNS 2000) (n=360)
14-18 males (NDNS 2000) (n=235)

59
73
74
93

14
15
14
14

10
11
10
12

63
63
65
70

14-18 females (NDNS 2000) (n=267)
19-34 females(NDNS 2003) (n=289)
35-49 females (NDNS 2003) (n=379)

68
66
67

15
15
15

13
14
13

72
76
74

19-34 males(NDNS 2003) (n=221)
35-49 males (NDNS 2003) (n=303)
50-64 males and females (NDNS 2003) (n=532)

93
100
84

15
16
16

14
14
14

76
76
73

82

18

14

70

65-79 free living (FL) males and females
(NDNS 1998) (n=828)
80+ free living (FL) males and females
(NDNS 1998) (n=447)
65-79 institutional (Inst) males and females
(NDNS 1998) (n=121)
80+ institutional (Inst) males and females
(NDNS 1998) (n=291)
Mean (n=5110)

75

18

14

67

87

16

12

64

75

16

11

60

80

16

13

72

*From food groups containing flour illustrated in Appendix 2 (Table 19).

26. Table 12 shows flour and bread consumption across different population
groups in the British population (NDNS 1998, 2000, 2003). COMA
considered that flour would be an appropriate staple food for use in
fortification, because of its near universal consumption and relatively
narrow variability of consumption in the population (Department of
Health, 2000). This is supported by the data in Table 12, which shows
marginal variation in the amount of flour consumed per day and
percentage food energy consumed as flour across the population groups.
3

Mean values and percentages are weighted to account for differences in sizes of population groups.
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Current intakes of total folate
Ta bl e 1 3 : Me a n co nt r ib uti on o f s o ur c e s to c u r r en t t ot al fo l a te in ta k e s f or
different population groups. Each source as a percentage of mean total
folate intakes illustrated in brackets.
Age (yrs) and
population
group

Natural
folate
(µg/day)
(% of total
folate)

Folic acid
from
fortified
breakfast
cereals
(µg/day)
(% of total
folate)

Folic acid
from
fortified
fat spreads
(µg/day)
(% of total
folate)

Folic acid
from
supplements
(µg/day) (%
of total
folate)

Folic acid
from
fortified
breakfast
cereals, fat
spreads and
supplements
(µg/day) (%
of total
folate)

Total
folate
(µg/day)

4-6 children
7-10 children
11-13 children
14-18 males

133 (64%)
151 (63%)
166 (65%)
228 (67%)

52 (25%)
59 (25%)
60 (24%)
77 (23%)

20 (10%)
26 (11%)
26 (10%)
32 (9%)

2 (1%)
2 (1%)
3 (1%)
4 (1%)

74 (36%)
87 (37%)
89 (35%)
113 (33%)

207
238
255
341

14-18 females
19-34 females
35-49 females

178 (73%)
198 (73%)
218 (72%)

40 (16%)
32 (12%)
35 (12%)

22 (9%)
21 (8%)
21 (7%)

5 (2%)
19 (7%)
28 (9%)

67 (27%)
72 (27%)
84 (28%)

245
270
302

19-34 males
35-49 males
50-64 adults

291 (73%)
296 (75%)
265 (75%)

40 (10%)
46 (12%)
42 (12%)

41 (10%)
40 (10%)
28 (8%)

24 (6%)
14 (4%)
20 (6%)

105 (27%)
100 (25%)
90 (25%)

396
396
355

65-79 adults (FL)
80+ adults (FL)
65-79 adults (Inst)
80+ adults (Inst)

206 (70%)
173 (66%)
192 (74%)
172 (71%)

41 (14%)
36 (14%)
32 (12%)
34 (14%)

37 (13%)
32 (12%)
36 (14%)
32 (13%)

11 (4%)
21 (8%)
1 (0%)
3 (1%)

89 (30%)
89 (34%)
69 (26%)
69 (29%)

295
262
261
241

Mean

228 (72%)

43 (14%)

30 (9%)

16 (5%)

89 (28%)

317

27. Table 13 illustrates current folate intakes across different UK population
groups and the contribution of different sources to total folate intake. It
can be seen that:
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•

An average person consumes the majority of folate in their diet in
the form of natural folate (72%). The remaining 28% is consumed as
folic acid from fortified breakfast cereals (14%); fortified fat spreads
(9%) and supplements (5%).

•

Children aged 4-13 years and males aged 14-18 years obtain a higher
proportion of their total folate from fortified breakfast cereals (25%)
and a lower proportion from supplements (1%).

•

The contribution of supplements to total folate intake is highest in
women aged 35-49 years (9%).

Folate and Disease Prevention

•

The contribution of fortified fat spreads to total folate intake is
highest in adults aged 65 years and over (13%).

•

Mean total folate intakes are above the RNI for each population
group and mean total folic acid intakes are below the UL set for
each age group.

Women of childbearing age
Current intakes of total folate
Ta bl e 1 4 : C o nt r i bu t i o n o f fo r t i fi ed b r ea k f a st ce r ea l s , f at sp r ea d s a nd
su p p le me nt s t o t o t a l f ol a t e i nt a k e f o r w om en o f c h i l d b ea r i n g ag e
Female
age
group
(yrs)

Quintile

Total
folate
(µg/day)

Natural
folate
(µg/day)
(% of
total
folate)

Folic
acid
from
fortified
breakfast
cereals
(µg/day)
(% of
total
folate)

Folic acid
from
fortified
spreads
(µg/day)
(% of
total
folate)

Folic acid
from
supplements
(µg/day)
(% of total
folate)

Folic acid
from
fortified
breakfast
cereals, fat
spreads and
supplements
(µg/day)
(% of total
folate)

14-18

1st
2nd
3rd
4th
5th

118
168
203
282
488

109 (92%)
153 (91%)
174 (86%)
215 (76%)
238 (49%)

10 (8%)
15 (9%)
29 (14%)
43 (15%)
123 (25%)

0
0
0
20 (7%)
100 (20%)

0
0
0
5 (2%)
27 (6%)

10 (8%)
15 (9%)
29 (14%)
68 (24%)
250 (51%)

19-34

1st
2nd
3rd
4th
5th

125
188
242
319
512

120 (96%)
169 (89%)
208 (86%)
242 (76%)
250 (49%)

5 (4%)
19 (10%)
31 (13%)
52 (16%)
80 (16%)

0
0
0
21 (7%)
83 (16%)

0
1 (1%)
3 (1%)
5 (2%)
98 (19%)

5 (4%)
20 (11%)
34 (14%)
78 (24%)
262 (51%)

35-49

1st
2nd
3rd
4th
5th

143
209
265
359
591

136 (95%)
191 (91%)
226 (85%)
256 (71%)
279 (47%)

6 (4%)
17 (8%)
38 (14%)
70 (19%)
74 (13%)

0
0
0
22 (6%)
95 (16%)

1 (1%)
1 (1%)
1 (1%)
11 (3%)
144 (24%)

Weighted
Mean of
14-49

1st
2nd
3rd
4th
5th

132
195
247
332
543

126 (95%)
177 (91%)
212 (86%)
245 (74%)
261 (48%)

6 (5%)
18 (9%)
34 (14%)
59 (18%)
83 (15%)

0
0
0
21 (6%)
90 (17%)

0
1 (1%)
2 (1%)
8 (2%)
109 (20%)

7 (5%)
18 (9%)
39 (15%)
103 (29%)
313 (53%)
6 (5%)
19 (10%)
36 (15%)
88 (27%)
282 (52%)
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28. Table 14 illustrates current folate intakes for women of childbearing age
by quintiles. It can be seen that:
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•

Women in the lowest quintiles have on average, total folate intakes
below the RNI of 200µg/day (132µg/day folic acid for the lowest
quintile and 195µg/day folic acid for the second lowest quintile).

•

Natural folate provides the majority of folate in the diet for the
lowest quintiles (95% for the lowest quintile, 91% for the second
lowest quintile).

•

Folic acid from supplements and fortified fat spreads make very
little or no contribution to the total folate intake of the lower
quintiles. The main source of folic acid for this group is fortified
breakfast cereals (5% of total folate for the lowest quintile and 9%
of total folate for the second lowest quintile).

•

In the highest quintile the majority of folate in the diet is consumed
in the form of folic acid (52%).

0
100
200
300
450

0
100
200
300
450

0
100
200
300
450

0
100
200
300
450

14-18

19-34

35-49

Mean
14-49

50 (46)
100 (91)
150 (134)
225 (202)

50 (44)
101 (88)
151 (131)
227 (198)

49 (45)
98 (90)
148 (135)
221 (202)

51 (48)
102 (96)
153 (143)
229 (215)

Average
additional
folic acid
from flour
(µg/day)

281
331 (326)
381 (364)
432 (416)
507 (483)

302
354 (347)
404 (391)
455 (435)
531 (501)

270
319 (315)
369 (360)
418 (405)
492 (472)

245
296 (293)
347 (341)
398 (389)
474 (460)

Mean total
folate
intakes
(µg/day)

34
17 (20)
9 (11)
4 (6)
3 (4)

28
12 (15)
6 (9)
4 (5)
2 (3)

35
20 (21)
12
4 (6)
3 (4)

50
24 (25)
12 (14)
8 (9)
5 (7)

% below
RNI of
200µg/day

7-11 (6-10)
13-22 (12-20)
18-32 (16-29)
25-42 (23-41)

7-11 (6-10)
13-22 (11-19)
18-32 (16-28)
25-42 (23-41)

6-11 (6-10)
13-22 (12-20)
18-31 (16-29)
25-42 (23-41)

7-11 (6-11)
13-22 (12-21)
18-32 (17-30)
25-42 (24-41)

Range of %
reduction in
NTD risk5

226
276 (270)
326 (315)
376 (360)
451 (428)

246
297 (290)
347 (334)
398 (378)
473 (444)

217
267 (262)
316 (307)
365 (352)
439 (420)

184
235 (232)
286 (280)
337 (328)
413 (399)

Mean total
folate
intakes
(µg/day)

48
25 (27)
12 (14)
6 (8)
4 (5)

41
19 (22)
8 (11)
4 (6)
3 (4)

50
27 (28)
14 (16)
7 (9)
4 (6)

69
35 (37)
19 (20)
10 (12)
6 (8)

% below RNI
of
200µg/day

-10
-1
6-10 (6-8)
13-21 (12-20)
20-36 (19-33)

-9
-1
6-10 (6-9)
13-21 (12-20)
20-36 (19-34)

-9
0 (-1)
7-11 (6-9)
13-22 (12-20)
21-36 (19-34)

-11
-2
6-9 (5-7)
12-20 (11-18)
20-35 (19-32)

Range of %
reduction in
NTD risk

Ex c lu d in g f ol ic ac id f ro m f ort if ie d b re ak f as t c ere al s and f at spr ead s
( in cl udi ng s up pl em en ts)

204
254 (249)
304 (294)
354 (339)
429 (406)

218
268 (262)
319 (306)
369 (349)
445 (415)

198
247 (243)
296 (288)
345 (333)
419 (400)

178
229 (226)
280 (274)
331 (322)
407 (393)

Mean total
folate intakes
(µg/day)

51
26 (28)
13 (15)
7 (9)
4 (6)

44
20 (23)
9 (12)
4 (6)
3 (4)

53
29 (30)
15 (17)
8 (10)
5 (7)

71
35 (37)
19 (20)
10 (12)
6 (8)

% below RNI
of
200µg/day

-13
-4
4-6 (3-5)
10-17 (9-15)
19-33 (17-23)

-15
-5 (-6)
3-4 (2-3)
9-15 (8-13)
18-31 (16-28)

-13
-3 (-4)
4-7 (4-5)
11-18 (10-16)
19-33 (18-30)

-12
-3
5-8 (4-6)
11-19 (10-17)
19-34 (18-31)

Range of %
reduction in
NTD risk

E x c lu di n g f ol ic ac id f ro m f orti f ie d b re ak f as t c ere al s, f at s pre ads
and supp lem en ts

4 Figures including contribution of folic acid from fortified breakfast cereals, fat spreads and supplements are taken as the mean of values for overage included and overages excluded.
5 Percent reduction in NTD-affected pregnancy risk using both the Wald, lower figure (Wald et al, 2001, Daly et al, 1995, Daly et al 1997) and Daly, higher figure (Daly et al, 1995, Daly et
al, 1997) approaches of analysis. The reduction is expected to lie between these figures.

Fortification
level of folic
acid
(µg/100g of
flour)

Age
group
(years)

I n c lu di ng fo li c aci d fr om al l s our es 4

Table 15: Potential effect of fortification of flour with folic acid on folate intakes of women of childbearing age
(figures excluding wholemeal in brackets).

Effect of flour fortification on total folate intakes
Folate and Disease Prevention
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29.

Table 15 shows the effect of the four different levels of fortification on the
total folate intakes of women of childbearing age. Comparing current folate
intakes with intakes post-fortification shows that at each level of fortification
the number of individuals with folate intakes below the RNI is progressively
reduced, indicating that women with poor folate intakes would be reached
through flour fortification.

30.

Table 15 also shows that the risk of NTD-affected pregnancies is progressively
reduced as the dose of folic acid in flour fortification is increased. Risk
reduction for young women (14-18 years) was similar to risk reduction for
women in the older age groups (19-34 and 35-49 years) for each dose,
indicating that fortification of flour with folic acid would reduce risk of NTDaffected pregnancies consistently across age groups.
Fi gu r e 4: To ta l fo l a te i nta k e s f o r wo me n a ge d 1 4- 1 8 y ea r s at e a ch l e v el o f
fo r ti fi ca ti on by qu in til e of c ur r e nt f ol a te int ak e ( in cl u din g f o l ic ac id f r o m
vol un ta r y f o r tif ic ati on a nd s uppl e men ts ) .
900

800

Daily folate intake (ug)

700

600

500

400

300

200

100

0
1st quintile (6%)

2nd quintile (4%)

3rd quintile (3%)

4th quintile (9%)

5th quintile (7%)

Quintiles (five equally sized parts) of the age/sex group in ascending order of folate intake
(folic acid from fortified whole meal flour as a % of folic acid from all fortified flour)
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Current intakes of folate and folic acid from all sources

Additional folic acid from flour fortified at 100 micrograms/100g

Additional folic acid from flour fortified at 200 micrograms/100g

Additional folic acid from flour fortified at 300 micrograms/100g

Additional folic acid from flour fortified at 450 micrograms/100g

RNI at 200ug folate per day
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31.

As an example, figure 4 illustrates total folate intakes for women aged 14-18
years (similar results were seen for women aged 19-49 years) and shows that
folic acid fortification of flour increased the total daily folate intakes of
women in all quintiles including the two lowest quintiles. This indicates that
women at greatest risk of dietary related NTD-affected pregnancies would be
reached through mandatory flour fortification.
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0
100
200
300
450

0
100
200
300
450

0
100
200
300
450

0
100
200
300
450

0
100
200
300
450

65-79
adults
(FL)

80+
adults
(FL)

65-79
adults
(Inst)

80+
adults
(Inst)

65+
adults
(FL
+Inst)

61 (49)
121 (99)
182 (149)
272 (223)

60 (52)
121 (105)
181 (157)
271 (236)

65 (56)
130 (113)
195 (169)
293 (253)

57 (47)
113 (93)
170 (140)
254 (209)

62 (50)
123 (101)
185 (151)
278 (227)

Average
increase in
folic acid
intake
(µg/day)

285
346 (335)
407 (385)
468 (435)
558 (510)

241
301 (293)
361 (345)
421 (398)
512 (476)

261
326 (317)
391 (374)
456 (430)
554 (514)

262
319 (309)
375 (355)
432 (402)
517 (472)

295
357 (346)
419 (396)
481 (447)
573 (523)

Mean
total
folate
intakes
(µg/day)

37
16 (19)
7 (9)
3 (5)
1 (3)

47
21 (24)
8 (10)
4 (5)
1 (2)

46
14 (18)
7
1 (2)
1 (2)

53
23 (27)
12 (16)
5 (9)
2 (6)

32
14 (16)
5 (7)
2 (4)
1 (2)

Estimated %
below RNI
200µg/
day

11,100
22,800
39,900 (27,900)
49,500 (38,400)
141,400 (101,400)

0
0
0
500 (0)
1,400 (0)

0
0
0
0
700 (0)

7,700
11,600
16,100 (11,600)
16,100 (11,600)
41,100 (25,300)

3,400
11,200
23,800 (16,300)
32,900 (26,800)
98,200 (76,100)

Estimated
number
exceeding
1mg/day folic
acid7*

940
1,720
2,800 (1,980)
3,260 (2,500)
9,020 (6,320)

0
0
0
0
0

0
0
0
0
0

770
1,160
1,610 (1,160)
1,610 (1,160)
4,110 (2,520)

170
560
1,190 (820)
1,650 (1,340)
4,910 (3,800)

Estimated
number with
low vitamin B12
status
exceeding
1mg/day folic
acid**

210
271 (260)
332 (310)
392 (360)
483 (434)

176
236 (228)
296 (280)
356 (333)
447 (411)

193
258 (249)
323 (305)
388 (361)
486 (446)

194
250 (240)
307 (287)
363 (333)
448 (403)

217
279 (268)
341 (318)
403 (369)
495 (444)

Mean total
folate
intakes
(µg/day)

55
24 (28)
10 (14)
4 (8)
1 (4)

71
30 (37)
14 (19)
6 (10)
1 (2)

60
24 (30)
9 (11)
5 (7)
1 (2)

71
36 (41)
19 (24)
8 (13)
3 (8)

49
20 (24)
7 (11)
3 (6)
1 (3)

% below
RNI 200µg/
day

7,700
7,700
9,200
9,200
16,800 (9,200)

0
0
0
0
0

0
0
0
0
0

7,700
7,700
9,200
9,200
13,700 (9,200)

0
0
0
0
3,100 (0)

Estimated
number
exceeding
1mg/day folic
acid*

770
770
920
920
1,360 (920)

0
0
0
0
0

0
0
0
0
0

770
770
920
920
1,360 (920)

0
0
0
0
0

Estimated
number with
low vitamin
B12 status
exceeding
1mg/day
folic acid**

E x c lu d in g f ol ic a ci d f r om f or tif i e d b r ea kf a st
ce re als , f at spre ads ,
( in cl ud in g su ppl em e nts )

197
257 (246)
318 (296)
379 (346)
469 (420)

172
233 (225)
293 (277)
353 (330)
443 (408)

192
258 (249)
323 (305)
388 (361)
486 (446)

173
230 (219)
286 (266)
343 (313)
427 (382)

206
267 (256)
329 (306)
391 (357)
483 (432)

Mean total
folate
intakes
(µg/day)

57
25 (29)
11 (14)
4 (8)
2 (4)

72
32 (39)
15 (20)
6 (10)
1 (3)

60
24 (30)
9 (11)
5 (7)
1 (3)

74
37 (42)
19 (25)
9 (13)
4 (9)

51
21 (25)
8 (11)
3 (7)
1 (3)

% below
RNI
200µg/
day

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

Estimated
number
exceeding
1mg/day
folic acid

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

Estimated
number with
low vitamin
B12 status
exceeding
1mg/day folic
acid

E x c lu di ng fo li c aci d fr om f ort if ie d
br eak f as t c e rea ls , fa t s pre ad s, an d
s u p p l e me n ts

6 Figures including contribution of folic acid from fortified breakfast cereals, fat spreads and supplements are taken as the mean of values for overage included and excluded.
7 Population estimates were taken from 2001 census (National Statistics Census 2001), applying the ratio of free-living individuals to institutional individuals for England and Wales applied
to numbers in UK population.
* Figures rounded to the nearest 100 **Figures to the nearest 10

Level of
folic acid
fortification
(µg/100g of
flour)

Age
(years)/
status

In cl ud e s f ol at e an d f ol i c a cid f ro m
all sources 6

T ab l e 1 6 : Po te n tia l ef f ec t o f f o r ti fi ca t io n o f f l ou r on fo l a te i nt ak es of f r ee - l iv i ng & in s tit ut io na l ad ul t s a nd a b ov e 6 5 y r s o f a g e
(figures excluding wholemeal in brackets).

Adults aged 65 years and over
Folate and Disease Prevention

Folate and Disease Prevention

32.

Table 16 illustrates intake data across the four different levels of fortification
for free-living and institutional adults over 65 years of age. Comparing current
folate intakes with intakes post-fortification, shows that each level of
fortification progressively reduces the number of adults with folate intakes
below the RNI and increases the number exceeding the UL for folic acid
(1mg/day).

33.

Table 16 suggests that no institutional adults aged 65 years and over currently
exceed intakes of 1mg/day folic acid compared to 11,100 free-living adults
aged 65 years and over. This difference could be explained by reduced food
consumption of individuals living in institutions, because of illness or
restrictions on intake. It can be seen from Table 13 that mean folate intake is
marginally greater for free-living adults aged 65 years and over than those
living in institutions. There is no obvious difference in fortified breakfast
cereal or fat spread consumption between free-living groups and institutional
groups. However, supplements make a lower contribution to folate intakes
for institutional adults aged 65 years and over (weighted mean 1%) compared
to free-living adults aged 65 years and over (weighted mean 5%). This could
explain why there are fewer individuals with extreme high folic acid intakes
in the institutional groups than the free-living groups.

34.

The total number of adults aged 65 years and over with low vitamin B12 status
currently exceeding intakes of 1mg/day folic acid is estimated to be about
900. This figure rises with increasing doses of flour fortification.

177

178

51 (48)
49 (45)
50 (44)

70 (63)
75 (66)
63 (55)

65 (56)
60 (52)
62 (50)
57 (47)

57 (51)

14-18 females
19-34 females
35-49 females

19-34 males
35-49 males
50-64 adults

65-79 adults (Inst)
80+ adults (Inst)
65-79 adults (FL)
80+ adults (FL)

Population
Mean11

23%

46
47
32
53

14
9
17

50
35
28

4
15
39
20

%
currently
below
RNI9

10 (11) %

14 (18)
21 (24)
14 (15)
23 (27)

5
5
6 (7)

24 (25)
20 (21)
12 (15)

2
4
18
8 (9)

% below
RNI at
fortification
level
100µg/
100g flour

5 (6) %

7
8 (10)
5 (7)
12 (16)

3
2 (3)
4

12 (14)
12
6 (9)

1
2
8 (9)
2

% below
RNI at
fortification
level
200µg/
100g flour

3%

1 (2)
4 (5)
2 (4)
5 (9)

3
1
2

8 (9)
4 (6)
4 (5)

0
1
5
2

% below
RNI at
fortification
level
300µg/
100g flour

1 (2) %

1 (2)
1 (2)
1 (2)
2 (6)

0
1
1 (2)

5 (7)
3 (4)
3

0
1
3 (4)
1

% below
RNI at
fortification
level
450µg/
100g flour

0.2%

0.0
0.0
0.1
0.4

0.6
0.2
0.0

0.0
0.0
0.0

0.8
1.8
0.0
0

% with
current
intakes
above
UL10

0.4%

0.0
0.0
0.2
0.5

0.8 (0.6)
0.2
0.0

0.1
0.0
0.0

3.0 (2.8)
2.7
0.2
0

% above UL
at
fortification
level
100µg/100g
flour

0.8 (0.7)%

0.0
0.0
0.4 (0.2)
0.8 (0.5)

0.8
0.6 (0.2)
0.0

0.1
0.2
0.0

6.9 (6.3)
5.0 (4.7)
0.6
0.2

% above UL
at
fortification
level
200µg/100g
flour

1.5 (1.3) %

0.0
0.2 (0)
0.5 (0.4)
0.8 (0.5)

1.1
1.0 (0.6)
0.3 (0.2)

0.2
0.2
0.0

14.2 (12.1)
10.4 (9.1)
1.5 (1.4)
0.9

% above UL
at
fortification
level
300µg/100g
flour

4.3 (3.7) %

0.6
0.5 (0)
1.4 (1.1)
1.9 (1.2)

3.3 (2.4)
3.7 (3.1)
1.7 (1.3)

1.1
1.1
0.3

31.6 (29.7)
23.3 (20.2)
7.5 (6.5)
5.3 (4.9)

% above UL
at
fortification
level
450µg/100g
flour

Folic acid intake increases by this amount for every 100µg/100g increase in flour fortification.
Percentage of individuals with total folate intakes below the RNI set for each age group (Department of Health, 1991).
Percentage of individuals with total folic acid intakes above the tolerable upper intake level (UL) for folic acid set for each age group (European Scientific Committee on Foods, 2000).
Includes infants aged 0-3 years old in the calculation of population mean, assuming they do not consume flour see paragraph 2.

44 (42)
54 (51)
56 (53)
70 (67)

4-6 children
7-10 children
11-13 children
14-18 males

8
9
10
11

Increase in folic
acid from each
fortification
dose of
100µg/100g
flour (excluding
wholemeal)
(md/day)8

Age (yrs) and
sex group

Table 17: Effect of flour fortification on folate intakes of UK population (figures excluding wholemeal flour shown in brackets)

UK population
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35.

36.

Table 17 shows the effect of fortification on the whole UK population.
•

For each additional 100µg of folic acid per 100g flour (including
wholemeal) the mean percentage of individuals with intakes below the
RNI decreases by about 50%.

•

23% of the population currently have intakes below the RNI. Age groups
with the highest percentage of individuals with intakes below the RNI are
children aged 11-13 years, women of childbearing age (14-49 years) and
adults over 65 years of age.

•

With each additional 100µg/100g flour dose of folic acid from flour
fortification (including wholemeal) the mean percentage of individuals
with intakes above the UL increases by 100%.

•

0.2% of the population currently have intakes above the UL. The
population group with the highest percentage of individuals with current
folic acid intakes above the UL is children aged 4-10 years (weighted
mean 1.4%). (UL set at 300µg/day and 400µg/day folic acid for children
aged 4-6 years and 7-10 years respectively, European Scientific
Committee on Food, 2000).

•

Fortification of flour would contribute an average additional 50µg/day
(47mµg/day excluding wholemeal) folic acid to the diets of children aged
4-10 years. This can be compared to the current contribution of fortified
breakfast cereals, 56µg/day folic acid; fortified fat spreads, 24µg/day
folic acid and supplements 2µg/day folic acid (Table 13).

The data presented in tables 13-17 are summarised in tables 10 and 11 of the
main report (page 98-99). The effects of mandatory fortification are
discussed in detail in the main report (section 8).
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Appendix 1, Annex 2
Data Used
Ta bl e 1 8. Po pu l at io n gr o up s * an d s ou r ce s o f d at a us e d in th e m o del l in g
ex er c is e
Ag e gro u p
4-6 years

ND NS Surve y

Y e ar o f
fiel d work

S ex

Gregory et al 2000

1997/8

Male & Female

7-10 years

360

14-18 years

Female

Henderson et al 2002;
Henderson et al 2003;
Hoare et al 2003.

2000/2001

35-49 years

50-64 years
65-79 years Free Living (FL)

355
482

11-13 years

19-34 years

Nu m b er
s tu d ie d

Finch et al 1998

1994/5

267

Male

235

Female

289

Male

221

Female

379

Male

303

Male & Female

532

Male & Female

828

65-79 years Institutional (Inst)

121

80+ years Free Living (FL)

447

80+years Institutional (Inst)

291

*Population data for UK aged 4 years and over obtained from 2001 census (National Statistics
Census 2001).
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Appendix 2, Annex 2
Assumptions
Percentage Flour in NDNS Food Groups
In order to estimate the impact of flour fortification, the percentage of flour
in each of the main NDNS flour containing food groups was estimated. This
was the same approach used for previous analysis (Department of Health,
2000). The percent flour content was adjusted to represent more recent
recipes. The percentages used are shown in Table 19. The flour content of
products not represented in Table 19 was assumed to be zero.
Tab l e 1 9. F l ou r c on ten t o f f oo d pr odu ct s
ND NS F ood Group

Est ima ted % Fl our

White Bread

63

Wholemeal bread

60*

Soft grain bread

63

Other breads

55

Pizzas

25

Other cereals, dumplings Yorkshire puddings etc

25

Biscuits

50

Fruit pies

30

Buns Cakes & Pastries

45

Sponge type puddings

30

Other cereal based puddings (crumbles, bread pudding, pancakes,
cheesecake trifle etc

10

*Wholemeal flour, exempt from fortification in specific examples.
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•

Using these food groups excludes some products, which would contain
flour in the recipe such as savoury flans, pies, quiches and
battered/breaded fish/meat. The contribution of these products to
flour consumption was considered to be low and so they were omitted
from the analysis.

•

The estimated flour content of “other breads” has been adjusted
downwards to allow for the inclusion of non-wheat based breads in the
category. No attempt has been made to adjust for inclusion of nonwheat flour products in other categories.

Folate and Disease Prevention

Ta bl e 2 0 . A s s ump ti o ns ma d e i n mo d e ll i ng ex er c i s e
Subject

Assumption

Basis

Source

Breakfast
cereals

Label values
were used for
folate values of
fortified cereals.

The FSA 2002 breakfast cereal survey provided label
data for the folate content of a number of breakfast
cereals. These values were compared against current
declared levels of fortification for consistency. The
survey also provided analytical values of natural folate
for unfortified cereals.

Nutrient
Analysis of
Breakfast
Cereals
sampling report
(FSA, 2002).

32% overage
applied to the
label values for
folic acid
fortified
breakfast cereals.

The 32% overage used was the calculated difference
between analytical folate values for various breakfast
cereals and their corresponding declared label values.
Analytical data was based on analysis of composite
samples of up to ten products purchased from different
outlets so each composite sample is likely to include
products at different stages of shelf life. The difference
between the analytical and label values (ie the overage)
ranged from 4 to 113%. The average overage estimated
for these cereals was 32%. Therefore an overage of 32%
was added to fortified cereals to represent hypothetical
levels of folic acid on consumption.

Nutrient
Analysis of
Breakfast
Cereals
sampling report
(FSA, 2002)

Folic acid content
is uniform
throughout the
product.

Folic acid is in the cook-in premix, so is uniformly
dispersed through the product and would not be
concentrated in the dust.

Personal
communication
with Cereal
Partners 2006

One third of
reduced and low
fat spread
consumers, use
spreads fortified
with folic acid at
a level of
1000µg/100g. It
was assumed
these consumers
are the third with
the highest folate
intakes before
fortification.

•

Personal
communication
with Unilever
2005, data from
adults NDNS
2002/3 and EFS
2003/4

20% overage
applied to
fortified reduced
or low fat spreads.

Unilever allow a fortification error of 20%. There is no
degradation of folic acid in fat spreads over time.

Supplement
intake has not
changed since
the surveys were
carried out.

Data on supplement use has not been adjusted to
reflect current intakes, as this would involve further
detailed study. No information is available on current
supplement use.

30% overage
applied to all
folic acid
containing
supplements

Average overage of 30% for supplements manufactured
in the UK.

Fat Spreads

Supplements

•
•

•
•
•

Products in all of Unilever’s Flora range are fortified
at 1000µg/100g. A few other products on the
market are fortified at the same or lower levels.
Unilever’s flora range occupies 18.5% market share
of yellow fat spreads (including butter).
It was assumed folic acid fortified spreads as a
total, occupy 20% of the market of yellow fat
spreads.
Fortified spreads are all reduced or low fat spreads.
Reduced fat spreads account for around 60% of
yellow fat consumption.
Therefore it was estimated that a third of reduced
and low fat spreads are fortified.

Personal
communication
with Unilever
2005

Personal
communication
with trade
associations
PAGB, CRN,
HFMA
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Subject

Assumption

Basis

Source

Bread

No bread is
currently
fortified with
folic acid.

Only one brand identified as fortified with folic acid,
which holds a fraction of the market share for breads.

Personal
communication
with bakers and
millers and
supermarket
searches 2005

Bioavailability

Folate and folic
acid are assumed
to be 100%
bioavailable.

No universally known conversion factor, however folic
acid in flora fat spreads is known to be 60%
bioavailable.

Sanderson et al,
2003. Personal
communication
with Unilever
2005

Imported
Flour

All flour is milled
in the UK, and
therefore subject
to fortification.

Imported flour represents an insignificant proportion
of flour consumed in the UK.

Personal
communication
with bakers
2005.

Fortification
applies to
all wheat
flour

All flour used in
manufactured
products in the
given categories
(Table 19) is
fortified.

Assuming flour fortification will take place at the
milling process, all products made with wheat flour
milled in the UK will be subject to fortification.

Wholemeal
flour

Wholemeal
bread is the only
significant source
of wholemeal
flour.

The majority of wholemeal flour is found in
wholemeal bread and other sources are insignificant.

NDNS series

Processing
losses

Processing losses
of 25%

Research has shown processing losses of between 1525% in bread. Bread is the main source (69%) of flour
in the average UK diet. Losses will be greater for
products with greater surface area to volume ratios, so
the upper level has been taken.

Johansson et al,
2002, Gujska et
al, 2000, &
Kariluoto et al,
2004. NDNS
series

Intake Data

Dietary intake
data from NDNS
series represents
usual intake.

The NDNS series was based on 4-7 day weighted
intake data. This approach may overestimate extremes
in folate intake.

Under
reporting

No
underreporting

Children
aged 0-3
years

No children aged
0-3 consume
food products
containing flour.
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Annex 3
Dietary reference values for folate and B vitamins
1.

The dietary reference values (DRVs) form the basis for assessment of
nutritional status; therefore, differences between countries can affect
the interpretation of population status. Table 21 shows that the RNIs for
riboflavin, vitamin B6 and vitamin B12 are similar in the US and UK,
however, there are important differences for folate.

2.

In the UK, the RNI for folate is 200µg/d for adults. In the USA, however,
the recommended daily allowance (RDA; equivalent to the RNI) for
folate is 400µg/d dietary folate equivalents (DFE) for adults (1µg of DFE
= 1µg food folate = 0.5µg of folic acid taken on an empty stomach = 0.6µg
of folic acid with meals). The primary indicator of status used to estimate
the RDA in the USA was red blood cell folate in conjunction with plasma
folate and total homocysteine (tHcy) concentrations. In the UK, red
blood cell folate and autopsied liver folate concentrations were the
primary indicator. In the USA the thresholds used to define adequate
folate status were 305nmol/L (140ng/ml) red blood cell folate and
7nmol/L serum folate. In the UK they were 150ng/ml red blood cell
folate and liver concentrations above 3µg/g.

3.

In the US, a metabolic maintenance study (O’Keefe et al., 1995) was given
greatest weight in the recommendation for the estimated average
requirement of 320µg/d of DFE. O’Keefe et al., (1995) conducted a
controlled metabolic study in which five women were fed for 70 days a
diet that provided 319µg/d of DFE (30µg food folates and 170µg folic
acid). Three of the five had red blood cell folate concentrations less than
305nmol/L (140ng/ml) red blood cell folate; 7nmol/L serum folate and
two of the five had tHcy greater then 16µmol/L. This was interpreted as
meaning that approximately half would have adequate folate status if
320µg/d of DFE had been consumed. The RDA was set using a coefficient
of variation of 10 percent giving a value of 400µg/d of DFE.

4.

In the UK, the RNI for adults was based on Canadian assessments of
status (Department of Health, 1991). These showed that the folate
content of the liver was consistently greater than 3µg/g with a mean
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dietary intake of food folate of 150-200µg/d. In this population no more
than 8-10% of adults had red blood cell concentrations below 150ng/ml
and a RNI of 200µg/d was therefore set.
5.

The NDNS of adults (Henderson et al., 2003; Ruston et al., 2004)
reported that red blood cell folate concentrations of less than
350nmol/L were found in 5% of the samples from both men and women,
while 1% of men and less than 0.5% of women had a serum folate
concentration below 7nmol/L.

6.

There is evidence for an increase in folate requirements in late pregnancy
and a need to replace amounts secreted into milk during lactation
(Department of Health, 1991). In the US, the RDA for pregnancy is
600µg/d of dietary folate equivalents and 500µg/d of dietary folate
equivalents for lactation. In the UK, the RNI for pregnancy is 300µg/d
folate and for lactation is 260µg/d folate.

Ta bl e 2 1. C o mp ar i s on o f th e U K R N I w i th th e U S R D A f or o th e r B v i ta m i ns
inv o l v ed in as pe ct s of fo l ate m eta bo l is m
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Country

Riboflavin

Vitamin B6

Vitamin B12

UK (RNI)

1.1mg women; 1.3mg men

1.2mg women; 1.4mg men

1.5µg women; 1.5µg men

USA (RDA)

1.1mg women; 1.3mg men

1.1mg women; 1.3mg men

2µg women; 2µg men
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Annex 4
Tolerable Upper Intake Levels of Folic Acid in the USA
and Europe
Ta bl e 2 2 : F oo d an d Nu tr i t i o n Bo ar d , I ns ti tu te o f Me d i c i n e, U S A ( 19 9 8)
Age

T ol er ab l e Up pe r I nt ak e L e ve l ( U L ) f or f ol ic ac id
( µg / d a y )

0-12 months

Not possible to establish

1-3 years

300

4-8 years

400

9-13 years

600

14-18 years

800

Pregnancy/Lactation: 14-18 years

800

Pregnancy/Lactation: 19 years and older

1000

Adults

1000

Ta bl e 2 3 : E u r op e a n Sc i e nt i f i c C o mm i t t e e o n Fo o d s ( 2 0 0 0 )
Age ( years)

T ol er ab l e Up pe r I nt ak e L e ve l ( U L ) f or f ol ic ac id
( µg / d a y )

1–3

200

4–6

300

7 – 10

400

11 – 14

600

15 – 17

800

Adults

1000

191

192

692452

NA

676887

NA

NA

1.5

103

1993

668114

NA

NA

1.2

82

1994

651315

6.9

450

5.2

336

1.8

114

1 99 5

652595

6.5

426

5.1

336

1.4

90

1996

646148

5.6

362

4.3

281

1.3

81

19 9 7

638950

6.2

396

4.8

305

1.4

91

1998

624862

6.1

383

4.7

295

1.4

88

1 99 9

607304

7.5

454

5.5

331

2.0

123

2 0 00

597506

6.5

387

4.8

288

1.7

99

2 00 1

599279

6.2

374

4.3

255

2.0

119

2 00 2

624816

6.7

418

4.8

297

1.9

121

2 0 03

643026

5.7

367

4.0

254

1.8

113

2 0 04

Source of birth data: Office for National Statistics anomaly statistics notifications. A statistical review of congenital anomolies received as part of the England and Wales national
Congenital Anomoly System, 2005. Accessible at: http://www.statistics.gov.uk/downloads/theme_health/MB3_No20/MB3_No20.pdf.
Source of termination data: Series AB ONS Abortion statistics 1995-2001; DH Statistical Bulletin - Abortion statistics 2002-2004. Data prior to 1995 are not available at this level of condition,
only numbers for the wider grouping – central nervous system.

T otal l iv e an d s til l b irt hs

Rate per 10,000 Births

Number

Total N TD -af f e cte d pre g na nc ie s

Rate per 10,000 Births

Number

NA

1.8

NTD re po rted te rm in atio ns

126

Rate per 10,000 Births

1 9 92

Number

NT D -af f ecte d b ir ths

T ab l e 2 4. R ep or t ed n um be r s a nd r a te s o f N TD - af f e ct ed pr e gn a nc ie s in Eng l an d an d Wa l es

NTD-affected pregnancies in the UK

Annex 5

Folate and Disease Prevention

Rate per 10,000 Births

33620

Rate per 10,000 Births

T o tal l iv e and s til l bi rth s

32266

19.2

62

14.3

46

4.3

14

1999

31449

15.9

50

13.4

42

2.2

7

2 00 0

30771

19.5

60

15.9

49

2.6

8

2 0 01

30369

19.1

58

14.5

44

3.6

11

20 0 2

31330

14.4

45

11.2

35

2.9

9

2 00 3

32504

16.9

55

14.2

46

1.8

6

2 00 4

*Figures include NTD miscarriages.
Source of data: Congenital Anomaly Register and Information Service for Wales (CARIS) (personal communication, 2006)

66

19.6

Number

*Total NTD-affected pregnancies

59

17.5

Number

N TD re port ed te rm ina tion s

4

1.2

Rate per 10,000 Births

19 9 8

Number

N T D- af fe cte d b irth s

T ab l e 2 5. Re po r te d nu mb er s an d r at es of NT D- a f fe ct ed pr e gn a nc ie s in W al e s
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193

194

86

13.6

63316

Number

Rate per 10,000 Births

T o tal l iv e and s til l bi rth s

61582

11.2

69

4.2

26

7.0

42

1 9 93

59780

12.5

75

6.2

37

6.4

38

1 9 94

58193

13.4

78

6.7

39

6.7

39

19 9 5

56176

16.4

92

8.5

48

7.8

44

1 9 96

57265

11.4

65

6.1

35

5.2

30

1997

55345

13.9

77

7.8

43

6.1

34

1 99 8

52893

11.9

63

5.7

30

6.2

33

1999

51309

8.6

44

4.9

25

3.7

19

2 00 0

50013

8.4

42

4.0

20

4.4

22

2 0 01

12.0

59

7.5

37

4.5

22

2 00 2

49217

b

49430

9.9

49

5.1

25

4.9

24

2 00 3

All Infants followed up from birth for period of one year to allow detection of anomalies from hospital inpatient records or General Register Office for Scotland death registrations
b
Notification of births system changed.
Source of birth data: Information and Statistics Division: Scotland. Scottish Perinatal and Infant Mortality & Morbidity Report (2003). Accessible at: http://www.isdscotland.org/spimmr
Termination data source: General Register Office for Scotland and Notifications (to the Chief Medical Officer for Scotland) of abortions performed under the Abortion Act 1967.

a

Rate per 10,000 Births

T o tal N T D- af f ec te d p re gn an ci es

35

5.5

Number

N TD re port ed te rm ina tion s

51

8.1

Rate per 10,000 Birthsa

1 99 2

Number

N T D- af fe cte d b irth s

T ab l e 2 6. Re po r te d nu mb er s a nd r a te s o f N TD - af f e cte d s in gl e to n pr e gn an c ies in S c o tl an d
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N/A

N/A

25478

N TD re port ed te rm ina tion s

T o tal N T D- af f ec te d p re gn an ci es

T o tal l iv e and s til l bi rth s

24850

5.2

13

1 9 93

24251

9.5

23

1 9 94

23838

6.7

16

19 9 5

24535

5.3

13

1 9 96

24218

5.8

14

1997

23790

7.1

17

1 99 8

22089

7.8

18

1999

21605

6.9

15

2 00 0

22074

7.7

17

2 0 01

21507

6.5

14

20 0 2

21756

5.1

11

2 00 3

Source of birth data: Northern Ireland Child Health Systems. Northern Ireland Department of Health, Social Services and Public Safety (personal communication, 2005)

24

9.4

Rate per 10,000 Births

1 99 2

Number

N T D- af fe cte d b irth s

T ab l e 2 7: R ep o r te d nu mb er s a nd r a te s o f N TD -a f f ec te d bi r t h s i n No r th er n I r el a n d
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Annex 6
Folic acid fortification strategies in other countries
Ta bl e 2 8. E xa mpl e s o f f ol ic ac id fo r ti fi ca tio n s tr a te gie s
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Country

Fortification position

Information on fortification level

Australia

Voluntary (1996)

Voluntary – includes breakfast cereal, some
bread & marmite (levels unavailable). Bread will
no longer be fortified voluntarily in line with
new legislation.

Mandatory fortification under
consideration

80-180 µg/100g bread as consumed

Belgium

Voluntary

For product to be labelled as fortified with folic
acid the daily portion has to contain 15 to 200%
of 200µg

Bolivia, Colombia,
Paraquay Ecuador

Mandatory fortification

Wheat flour - 60-300µg/100g

Brazil

Legislation pending

150µg/100g wheat & maize flour

Canada

Mandatory (1998)

Mandatory - 150µg/100g white flour,
200µg/100g enriched pasta
Voluntary - 150 – 220 µg/100g cornflour

Chile

Mandatory (2000)

220µg/100g flour

Czech Republic

Voluntary

Information on foods unavailable – level
200µg/100g

France

Voluntary

Breakfast cereals and products aimed at children
or women – levels unavailable
Goats milk at 4.5µg/100g

Germany

Voluntary

Breakfast cereals and products – levels unavailable

Greece

Voluntary

Unavailable

Hungary

Voluntary

Previously fortified @ 60µg/100g bread

Iceland

Voluntary

Breakfast cereals and products 30-700µg/100g,
flour and rice 30-100µg/100g

Ireland

Mandatory fortification
recommended (pending legislation)

120µg/100g of white, brown and wholemeal
bread as consumed

Israel

Voluntary (legislation pending)

Wheat flour (level unknown)
Co-fortification with vitamin B12 being considered

New Zealand

Voluntary (1996)

Voluntary – includes breakfast cereal, some bread
& marmite (levels unavailable). Bread will no longer
be fortified voluntarily in line with new legislation

Mandatory fortification under
consideration

80-180µg/100g bread as consumed

UK

Voluntary

Breakfast cereals and products 8-643µg/100g;
flora spread products 1000µg /100g.

USA

Mandatory (1998)

140µg/100g grain in food as consumed

5,056 general
population

NCC
14,916 male
physicians

NCC
15,792 general
population

2,657 general
population

2,314 general
population

810 men

Morrison et
al., 1996

Chasan-Taber
et al., 1996

Folsom et al.,
1998

Ford et al.,
1998

Hung et al.,
2003

Voutilainen
et al., 2004

46-64

20-90

25-74

45-64

40-84

35-79

Age
ra n g e
( yr s )

7.7

29

19

3.3

7.5

15

M ea n
fol l ow u p ( yrs )

114 cardiac
events

413 fatal
CVD of
which 229
fatal CHD

873 CHD

232 fatal
and nonfatal CHD

333 MI
333 MC

165 fatal
CHD

No of
case s

No association between tHcy and acute
coronary events was observed.

0.39 (0.18 to 0.83) for highest v lowest
tertile of serum folate.

Men 0.96 (0.74 to 1.25) and women 1.08
(0.81 to 1.45) for lowest v highest quartile of
red blood cell folate

p=0.016

Women
p=0.21

Men
p=0.35

NS

Women
p=0.003

0.39 (0.1 to1.06) for highest v lowest quintile
of plasma folate for women
1.04 (0.86 to 1.26) for lowest v highest
quintile of serum folate

Men
p=0.6

NS

NS

Tr e n ds

1.01 (0.5 to 2.2) for highest v lowest quintile
of plasma folate for men

1.4 (0.9 to 2.3) for lowest 20th percentile v
above the 20th percentile of serum folate

1.69 (1.10 to 2.61) for lowest v highest
quartile of serum folate

Adju st ed re l ativ e r isk (9 5 % C I )

Age, smoking, BMI, systolic blood pressure, serum
LDL and HDL cholesterol, serum lycopene, alpha
tocopherol and beta carotene.

Age, blood pressure, BMI, serum cholesterol, white
cell count, smoking menopause, diabetes,
hypertension, alcohol.

Sex, age, race, education, smoking, hypertension,
serum cholesterol, BMI, physical activity, diabetes and
alcohol consumption and use of supplements.

Sex, age, race, field centre, smoking, total cholesterol,
HDL cholesterol, hypertension and diabetes, dietary
vitamin intake for energy intake.

Diabetes, angina, hypertension, Quetelet’s index, total
cholesterol, HDL cholesterol, aspirin use.

Sex, age, smoking, diabetes, serum cholesterol and
hypertension

O th er f ac tors a dju st ed f or in a na ly s is

MI, myocardial infarctions; BMI, body mass index; NS, not stated; NCC, nested case-control; MC, matched control; CHD, coronary heart disease; CVD, cardiovascular disease

Study
p o p u l a t i on

Stu dy
(Ref erence)

T ab l e 2 9. Coh or t s t ud ie s in ve s ti ga tin g a n a s s oc ia t io n of c ir c ul a tin g f o l at e c on c en tr a ti on s w it h r i s k o f ca r di ov as c ul a r dis e a s e

Studies considered in relation to folate and risk of cardiovascular disease and cancer

Annex 7
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80,082 female
nurses

1,980 men

43,732 men

Rimm et al.,
1998

Voutilainen
et al., 2001

He et al.,
2004

40-75

42-60

30-55

A ge
rang e
( yr s )

14

10

14

Me an
fol l ow u p ( y r s)

725 incident
strokes

199 acute
coronary
events

939 MI and
fatal CHD

No of cases

0.71 (0.52 to 0.96) for highest v lowest
quintile of dietary folate intake.
(Association for ischemic, but not
hemorrhagic, stroke).

0.45 (0.25 to 0.81) for highest v lowest
quintile of dietary folate intake in
subjects with no previous CHD

0.69 (0.55 to 0.87) for highest v lowest
quintile of dietary folate intake

Adj us ted re l ati ve r is k ( 95 % CI )

p=0.05

No previous
CHD p=0.008

p=0.003

T re n ds

Age, smoking, BMI, physical activity, history of
hypertension and hypercholesterolemia,
aspirin, alcohol, fibre, potassium, vitamin E and
total energy

Age, total, LDL and HDL cholesterol and
triglyceride, smoking, physical activity,
hypertension, diabetes, CHD in family,
examination years, excretion of nicotine
metabolites and nutritional factors.

Age, time period, smoking, BMI,
postmenopausal hormones, aspirin, vitamin E
supplements, exercise, hypertension, parental
history of CHD, and intake of polyunsaturated,
saturated and trans fat, fibre and alcohol

Oth e r fa cto rs ad jus te d f or i n an al y si s

MI, myocardial infarctions; BMI, body mass index; NS, not stated; NCC, nested case-control; MC, matched control; CHD, coronary heart disease.

Study
p o p u l a ti o n

Study
(Ref erence )

T ab l e 30 . Co ho r t s tu die s i nv es ti ga ti ng a n a s s o ci at io n o f di et ar y f o l a te i nta ke s wit h r i s k o f ca r di ov as c ul a r dis e a s e

Folate and Disease Prevention

CHD

CHD

Stroke

Stroke

-

-

-

-

+

+

-

-

+

+

+

SU.FOL.OM3
(France)

WENBIT (Norway)

NORVIT (Norway)

SEARCH (UK)

HOPE-2 (Canada)

WACS (USA)

Su.Fol.O3 (France)

VITATOPS
(Australia)

VISP† (USA)

FAVORIT (USA)

VA Trial (USA)

2056

(4000)

3680

(8000)

(1000)

5442

5522

12064

3749

3000

(2000)

1880

Ac tu a l /
(sch edule d)
nu m b er
randomized

5

5

2

3

5

7.4

5

7

3

3

5

2

Ac tual / sc he du le d
d u r a t i on of
tre atme nt ( y ears )

Table courtesy of Dr Robert Clarke; † terminated early, see text for details; * 5-MTHF.

Renal

Renal

Stroke

CHD

CHD

CHD

CHD

CHD

-

CHAOS-2† (UK)

P rior
d i se as e

Fo r ti fi e d
pop ulat ion ( -/+ )

Trial ( Cou ntry )

(33)

33

15

25

(25)

(20)

(20)

25

27

25%

(25)

13

O b se rv e d /
( estimated)
re duction in
t Hcy ( %)

40.0

2.5

2.5

2.0

0.5

2.5

2.5

2.0

0.8

0.8

0.5*

5.0

Folic acid

0.5

0.4

0.4

0.5

0.02

1.0

1.0

1.0

0.4

0.4

0.02

-

B1 2

100

20

25

25

3

50

50

-

40

40

3

-

B6

H om oc y ste in e -l ow eri n g re g im e n ( m g /d)

T ab l e 3 1 . T r i a l s o f h o mo cy s t e i n e- l o w e r i n g v i t a mi n su p p l em en t s i n p eo p l e w i t h p r i o r C H D , p r i o r s t r ok e or r e na l d i s e as e
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Study
p o p u l a t i on

14,931 men
Health
Professionals’
Follow-up
Study

NCC
29,133 men
smokers
AlphaTocopherol
Beta-Carotene
cohort

88,756
women
Nurses’
Health Study

Stu dy
(Ref erence)

Giovannucci
et al., 1995

Glynn et al.,
1996

Giovannucci
et al., 1998

30-55

50-69

40-75

Age
ra n g e
( yr s )

14

5-8

6

M ea n
fol l ow u p ( yrs )

442 colon

91 colon
53 rectal
276 noncases

205 colon

No of
case s

0.69 (0.52 to 0.93) for highest vs. lowest
quartile of folate intake.
0.48 (0.33 to 0.71) for highest vs. lowest
quartile of folate intake in women whose
methionine intake <1.8g/d.
0.29 (0.15 to 0.56) for multivitamin use for
15 or more years compared to nonusers

0.51 (0.20 to 1.31) for highest vs. lowest
quartile of folate intake for colon cancer.
2.12 (0.43 to 10.54) for highest vs. lowest
quartile of folate intake for rectal cancer.

0.86 (0.54 to 1.36) for highest vs. lowest
quintile of folate intake
0.74 (0.47 to 1.17) for multivitamin use for 10
or more years compared to nonusers
3.30 (1.58 to 6.88) for high alcohol (>20g/d)
low methyl (methionine and folate) diet vs
a low alcohol (<5g/d) high methyl diet in
non aspirin users.

Adju st ed re l ativ e r isk (9 5 % C I )

p<0.001

p<0.001

p=0.01

p=0.26

p=0.15

p<0.01

NS

p=0.30

Tr e n ds

Age, aspirin use, physical activity, BMI, smoking,
family history of CRC, and red meat, fibre,
methionine and fibre intake

Total energy intake, physical activity, energy-adjusted
folate intakes, vitamins A, C and E, fibre, protein,
starch, calcium. iron, alcohol intake, smoking, BMI

Age, smoking, physical activity, BMI, aspirin use,
multivitamin use, total energy, fat, red meat, vitamin
D and calcium intake, family history of CRC, history
of polyps/endoscopy

O th er f ac tors a dju st ed f or in a na ly s is

T ab l e 32 . C oho r t s tu di es in ves t iga t ing the a s s o cia t io n of f ol a te i nt ak e wit h c o l or e c ta l c a nc er r is k
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Stu dy
po p u l a t i o n

10,183 general
population
NHANES I
Epidemiology
Follow-up
Study

88,758
women
Nurses’
Health Study

NCC
120,852
general
population
Netherlands
Cohort Study

Study
(Re feren ce)

Su & Arab et
al., 2001

Fuchs et al.,
2002

Konings et al.,
2002

Tabl e 3 2. C ont.

55-69

30-55

25-74

Age
rang e
(y r s )

7.3

16

20

Me a n
f o l lo wup (yrs)

760 colon
411 rectal
3500 non
cases

535 colon

219 colon

No of
case s

0.73 (0.46 to 1.17) for highest vs. lowest
quintile of folate intake for colon cancer
in men
0.68 (0.39 to 1.20) for highest vs. lowest
quintile of folate intake for colon cancer
in women
0.66 (0.35 to 1.21) for highest vs. lowest
quintile of folate intake for rectal cancer
in men
1.26 (0.58 to 2.76) for highest vs. lowest
quintile of folate intake for rectal cancer
in women

0.48 (0.28 to 0.83) for highest vs. lowest
quartile of folate intake in women with a
family history of colon cancer
0.81 (0.62 to 1.07) for highest vs. lowest
quartile of folate intake in women with no
family history of colon cancer

0.40 (0.18 to 0.88) for highest v lowest
quartile of dietary folate intake in men
0.74 (0.36 to 1.51) for highest v lowest
quartile of dietary folate intake in women
2.22 (1.03 to 4.77) for alcohol drinkers (>1.16
drinks/wk) low methyl (methionine and
folate) diet vs non-drinkers, high methyl
diet in men, but not women.

Ad jus te d rel ati v e ris k ( 95% CI )

p=0.55

p=0.03

p=0.18

p=0.03

p=0.02
for
interaction
NS

p=0.05

p=0.70

p=0.03

Tr e n ds

Age, energy intake, family history, alcohol, vitamin C,
iron and dietary fibre intake

Age, aspirin use, physical activity, BMI, smoking,
family history of CRC, postmenopausal oestrogen
use, red meat, alcohol, animal fat, vitamins A, C, D,
E, methionine and fibre intake

Age, race, gender, smoking, BMI, family history of
colon cancer, intake of fat, fibre, calcium, vitamin
B6, vitamin B12, total energy and alcohol

Oth e r f a ctor s adj us te d f o r i n an al ys is
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201

202

Stu dy
po p u l a t i o n

45,264
women
Breast Cancer
Detection
Project
Follow-up
Study

41,836 women
Iowa
Women’s
Health Study

NCC
56,837 women
Canadian
National
Breast
Screening
Study

Study
(Re feren ce)

Flood et al.,
2002

Harnack et
al., 2002

Terry et al.,
2002

Tabl e 3 2. C ont.

40-59

55-69

40-93

Age
rang e
(y r s )

10.4

13

8.5

Me a n
f o l lo wup (yrs)

295
cases
5334
non-cases

598 colon
123 rectal

490 colon
and rectal

No of
case s

0.6 (0.3 to 1.1) for highest vs. lowest
quintile of folate intake for colon cancer
0.7 (0.3 to 1.8) for highest vs. lowest
quintile of folate intake for rectal cancer

1.12 (0.77 to 1.63) for highest vs. lowest
quintile of folate intake for colon cancer
0.89 (0.52 to 1.51) for highest third vs
lowest third of folate intake for rectal
cancer

0.86 (0.65 to 1.13) for highest vs. lowest
quintile of dietary folate intake for CRC
1.01 (0.75 to 1.35) for highest vs. lowest
quintile of total folate intake (includes
supplements) for CRC

Ad jus te d rel ati v e ris k ( 95% CI )

p=0.36

p=0.41

p=0.44

p=0.67

p=0.67

p=0.14

Tr e n ds

Age, smoking, BMI, physical activity, education, fat
and energy intakes

Age, BMI, oestrogen use, smoking, dietary energy,
calcium, and vitamin E

NSAID use, smoking, education, BMI, physical
activity, red meat, alcohol, total fat, vitamins D,
grains, methionine, energy, alcohol and fibre intake

Oth e r f a ctor s adj us te d f o r i n an al ys is

Folate and Disease Prevention

87,733 women
46,632 men
Nurses’
Health Study
and Health
Professionals’
Follow-up
Study

61,433 women
Swedish
Mammography
Cohort

Wei et al.,
2004

Larsson et al.,
2005

40-75

30-55
40-75

Age
rang e
(y r s )

15

20
14

Me a n
f o l lo wup (yrs)

547 colon
252 rectal

1,139 colon
339 rectal

No of
case s

0.61 (0.41 to 0.91) for highest vs. lowest
quintile of folate intake for colon cancer
0.93 (0.55 to 1.56) for highest vs. lowest
quintile of folate intake for rectal cancer

0.82 (0.66 to 1.03) for highest vs. lowest
quartile of folate intake for colon cancer
in women
0.72 (0.45 to 1.16) for highest vs. lowest
quartile of folate intake for colon cancer
in men
0.82 (0.68 to 0.99) for highest vs. lowest
quartile of folate intake for colon cancer
in men and women

Ad jus te d rel ati v e ris k ( 95% CI )

p=0.97

p=0.02

p=0.06

p=0.57

p=0.04

Tr e n ds

Age, BMI, educational level, red meat consumption,
total energy intake, energy adjusted intakes of
saturated fat, methionine, vitamin B6, ß-carotene,
calcium and cereal fibre.

Age, family history, BMI, physical activity, red meat,
processed meat, alcohol, calcium, height, smoking,
history of endoscopy and gender in combined
cohort

Oth e r f a ctor s adj us te d f o r i n an al ys is

BMI, body mass index; NSAID, non-steroidal anti-inflammatory drugs; NS, not stated; NCC, nested case-control; CRC, colorectal cancer.

Stu dy
po p u l a t i o n

Study
(Re feren ce)

Tabl e 3 2. C ont.
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204

NCC
29,133 men
smokers
AlphaTocopherol
BetaCarotene
cohort

NCC
15,785 women
Women’s
Health Study

Glynn et al.,
1996

Kato et al.,
1999

NCC, nested case-control.

Stu dy
po p u l a t i o n

Study
(Re feren ce)

NS

50-69

Age
rang e
(y r s )

3-9

5-8

Me a n
f o l lo wup (yrs)

105 colon
and rectal
523 non
cases

91 colon
53 rectal
276 noncases

No of
case s

0.52 (0.27 to 0.97) for highest vs. lowest
quartile of serum folate concentrations for
CRC.

0.96 (0.40 to 2.30) for highest vs. lowest
quartile of serum folate concentrations for
colon cancer.
2.94 (0.84 to 10.33) for highest vs. lowest
quartile of serum folate concentrations for
rectal cancer.

Ad jus te d rel ati v e ris k ( 95% CI )

p=0.04

p=0.10

p=0.83

Tr e n ds

Education, race, religion, physical activity, aspirin
use, family history of CRC, history of occult blood
testing, alcohol, smoking, energy, macronutrient,
fibre, vitamin A, C and E intakes, Quetelet index

Total energy intake, physical activity, energyadjusted folate intakes, vitamins A, C and E, fibre,
protein, starch, calcium. iron, alcohol intake,
smoking, BMI

Oth e r f a ctor s adj us te d f o r i n an al ys is

T ab l e 33 . Co ho r t s tu die s i nve s ti ga ti ng t he a s s oc ia ti on of s er u m f ol a te co n ce nt r a tio n wi th c ol o r e ct al ca n ce r r is k
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88,818
Nurses’ Health
Study

34,387
Iowa Women’s
Health Study

66,561
Cancer
Prevention
Study II
Nutrition
Cohort

33,552
Iowa Women’s
Health Study

Zhang et al.,
1999

Sellers et al.,
2001

Feigelson et
al., 2003

Sellers et al.,
2004

55-69

40-87

55-69

30-55

A ge
rang e
( yr s )

14

5

12

16

Me an
fol l ow u p ( y r s)

1823

1,303

1,586

3,483

N o of
cases

1.19 (0.98 to 1.45) for lowest 10th percentile
vs. upper 50th percentile of dietary
folate intake
2.26 (1.59 to 3.21) for lowest 10th percentile
vs. upper 50th percentile of dietary folate
intake in those with a family history of
breast cancer

1.10 (0.94 to 1.29) for highest vs. lowest
quartile of total folate intake
1.33 (0.94 to 1.88) within the lowest
quartile of folate intake for highest
quartile of alcohol intake (>15g/d) vs.
non drinkers.

1.19 (0.90 to 1.58) for lowest 10th
percentile vs. upper 50th percentile of
total folate intake
1.59 (1.05 to 2.41) for lowest 10th
percentile vs. upper 50th percentile of
folate intake for alcohol intake more
than 4g/d

0.93 (0.83 to 1.03) for highest vs. second
lowest quintile of folate intake
0.56 (0.41 to 0.79) for highest vs. second
lowest quintile of folate intake for alcohol
intake more than or equal to 15g/d

Adj us ted re l ati ve r isk ( 95 % CI )

HRT, hormone replacement therapy; BMI, body mass index; NS, not stated.

Study
p o p u l a ti o n

Study
(Re feren ce)

T ab l e 34 . Co hor t s t udi es as s o ci at in g br e as t c an c er r is k with f o l at e int ak e

P=0.005

p=0.20

NS

NS

NS

NS

P=0.006

P=0.26

T re n ds

Age, energy intake, education, age at menarche, age
at menopause, oral contraceptive use, HRT, parity,
age at first birth, BMI, waist-to-hip ratio, height,
smoking, use of folic acid supplementsand
physical activity

Age, ethanol, methionine, multivitamin use, race,
education, family history, breast lump history,
mammographic history, HRT use, parity at first
birth. Age at menopause, age at menarche, physical
activity, BMI, weight gain, energy intake

Age, education, family history of breast cancer, age
at menarche, age at menopause, oral contraceptive
use, HRT, parity, age at first birth, BMI, waist-to-hip
ratio, height, alcohol, smoking, physical activity and
other B vitamins

Age, total energy intake, parity, age at first birth,
family history of breast cancer/disease, alcohol
intake, BMI, weight gain/loss, height, age at
menopause, age at menarche, HRT use, beta
carotene and supplement intake

O th e r f a ctor s adj us te d f o r i n an al ys is
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205

206

NCC
12,450
women
NCC
14,625
women

NCC
32,826 women
Nurses Health
Study

Wu et al.,
1999

Zhang et al.,
2003

6-7

NS

18-90

43-69

NS

Me a n
f o l lo wup (yrs)

18-90

Age
rang e
(y r s )

712 cases
712 MC

110 cases
110 MC

133 cases
133 MC

No of
case s

NCC, Nested case-control; NS, not stated; MC, matched-control.

Stu dy
po p u l a t i o n

Study
(Re feren ce)

0.73 (0.50 to 1.07) highest vs. lowest
quintile of serum folate concentration
0.11 (0.02 to 0.59) for highest vs. lowest
quintile of serum folate concentration
for alcohol intake more than or equal
to 15g/d

0.79 (0.33 to 1.90) lowest vs. highest
quintile of serum folate concentration

1.08 (0.50 to 2.37) lowest vs. highest
quintile of serum folate concentration

Ad jus te d rel ati v e ris k ( 95% CI )

p=0.01

p=0.06

p=0.41

p=0.73

Tr e n ds

T ab l e 35 . Co ho r t s t ud ies a s s oc ia ti ng b r ea s t ca n ce r r i s k w ith s e r um f o l at e co n ce nt r at io n

Parity, age at first birth, family history of breast
cancer/disease, alcohol intake, BMI, age at
menopause and menarche

Family history, bilateral ovariectomy, age at
menarche/menopause/first birth, number of
pregnancies, months of breast feeding, oral
contraceptive use, HRT, education, BMI and
physical exercise

Oth e r f a ctor s adj us te d f o r i n an al ys is
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-

+

NORVIT*
(Norway)

HOPE-2
(Canada)†

CHD

CHD

P rior
d i se a se

5522

3749

Ac tu a l n u mb e r
r an d om i ze d

5

3

Ac tual du ration of
tre atm en t (y e ars)

p=0.47
p= 0.94

0.99 (0.74 to 1.33)
cancer deaths for
folic acid and ,B12,
B6 v placebo

p=0.94

1.02 (0.65 to 1.58)
cancer incidence
for folic acid and
,B12, B6 v placebo
1.06 (0.91 to 1.23)
cancer incidence

p=0.23

Trend

1.22 (0.88 to 1.70)
cancer incidence
(folic acid and B12 vs
no folic acid and
B12)

Re lati ve ris k (9 5 %
C I) for
i ncid enc e/de ath
of c a n c e r

2.5

0.8

Folic acid

1.0

0.4

B12

50

40

B6

H om ocy s te in e- l owe ri ng r eg i m en ( mg / d)

* Incident cases of cancer were recorded as a measure of safety, there was a numerical increase in the risk of cancer among patients assigned to folic acid, but this difference was not
significant
† Incidence of cancer and death from cancer were measured as secondary outcomes, there was no significant difference in incident cancers and death from cancer.

F or t if i e d
popu lation ( /+)

T rial (C oun try)

T ab l e 36. Re s ul t s o f s ec o nd ar y o ut co m e o f c an c er f r o m tr i al s o f ho m oc ys t ei ne - l ow er i ng vi ta mi n s u ppl e me n ts i n p eo pl e wi th p r io r CH D ,
pr io r s tr oke o r r en al dis e as e.
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Annex 8
Colorectal cancer incidence rates, USA: by age and sex
(all races)
Source: Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence – SEER 9 Regs PublicUse, Nov (1973-2003), National Cancer Institute, DCCCPS, Surveillance
Research Program, Cancer Statistics Branch, released April 2006, based on
November 2005 submission.
Based on 9 SEER registries.
population.

Age-adjusted to the 2000 US standard
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Figur e 6 : 55- 6 4 y ear s
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Fi g u re 7 : 6 5 - 7 4 y ear s
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Fig ur e 8 : 7 5 ye ar s a nd o v er
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