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The UK Department of Health recently recommended that flour be fortified with folic acid, at
2400mg/kg. The objectives of the present paper were: to determine the consequence of this on
folic acid intake of adolescents; to determine the level of fortification necessary to achieve an
intake of 400mg/d in adolescent girls (the amount recommended periconceptionally); to estimate
the consequence of fortification on folic acid intake of high flour consumers; and to report on
folate intake of adolescents. Dietary intake of folate and flour were determined by analysis of an
existing database of the diets of 379 English adolescents. The folic acid intake that would result
from white flour fortification with folic acid at 2400mg/kg was determined and the level of folic
acid fortification necessary to achieve an intake of 400mg/d in girls from this source was also
calculated. Without flour fortification, 6:9 % of girls failed to reach the UK lower reference
nutrient intake for total folate. Fortification of white flour with folic acid at 2400mg/kg would
result in an additional folic acid intake of 191(SEM 6) mg/d in girls. To ensure 97 % of girls
received 400mg/d from white flour, white flour would need to be fortified at a level of
10 430mg/kg, resulting in intakes of 1260mg/d from flour in the highest (97:5 centile) female
white flour consumers and 1422mg/d from flour in the highest (97:5 centile) male white flour
consumers.
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The UK has one of the highest rates of neural tube defects
in the world (Medical Research Council Vitamin Study
Research Group, 1991), affecting 1 – 2 per 1000
pregnancies. The role of folic acid in the prevention of
neural tube defects has been well documented; it is
estimated that a supplementary intake of 400mg/d reduces
the occurrence of neural tube defects by at least 50 %
(Laurence et al. 1981; Medical Research Council Vitamin
Study Research Group, 1991; Czeizel & Dudas, 1992;
Kirke et al. 1992). In 1992, the UK Department of Health
recommended those women planning to become pregnant
and those in the early stages of pregnancy take a 400mg
folic acid supplement/d to prevent neural tube defects
(Department of Health, 1992). The success of this public
health measure relies on communication of the rec-
ommendation, compliance with supplementation and on
pregnancy being planned. Awareness of the benefits of
folic acid supplementation is low amongst young women,
compliance to the recommendation is poor and pregnancy
is often not planned, particularly in young women (Clark
& Fisk, 1994; Wild et al. 1996).

In addition to the prevention of neural tube defects,
folic acid has other potential health benefits. There is
some evidence to show that plasma homocysteine levels
are associated with cardiovascular disease (Boushey et al.
1995; Danesh & Lewington, 1998). Folic acid supplemen-
tation can reduce plasma homocysteine levels, which
suggests a potential protective role for folic acid in the
prevention of cardiovascular disease (Malinow et al.
1998). In the USA, cereals and grain products have been
fortified with folic acid since 1996 and there is some
evidence that this has resulted in improved folate status
(Jacques et al. 1999; Lawrence et al. 1999) and reduced
homocysteine concentrations (Jacques et al. 1999). The
Department of Health Committee on Medical Aspects of
Food Policy (COMA) report Folic Acid and the
Prevention of Disease (Department of Health, 2000)
concluded that the fortification of food with folic acid
would lower plasma homocysteine concentrations in some
sections of the general population and that this might
lower the incidence of cardiovascular disease. However, it
was concluded that at present there is insufficient
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evidence to advocate fortification solely on the aim of
reducing cardiovascular disease.

There are some epidemiological data that suggest a low
intake of folate may be associated with increased risk of
cancer of the colon: in a longitudinal study, those who took
multivitamin preparations containing folic acid were at
lower risk of colon cancer (Giovanucci et al. 1998).
However, at present there is insufficient evidence to show a
specific link between folic acid and colon cancer.

The term ‘folate’ is a generic term that includes
synthetic folic acid (pteroylglutamic acid) and its
derivatives, such as the natural folates that occur in
foods. Pteroylglutamic acid is absorbed and transformed
into other folates. Folic acid is more stable and bioavailable
than natural folates and is therefore the preferred folate to
use for food fortification.

The Department of Health COMA has recently
recommended that in the UK flour is fortified with folic
acid at a level of 2400mg/kg flour (Department of Health,
2000). Fortification is a relatively simple measure that
would have a large effect in the prevention of a
disabilitating neurological impairment. One of the concerns
with fortification is that people who consume low amounts
of flour-based products must consume sufficient to benefit,
whereas those with high intakes of flour-based foods must
not receive harmful amounts. The recent COMA report
(Department of Health, 2000) provides an estimate of intake
of folic acid from flour fortification with folic acid at
2400mg/kg based on estimates of flour content of food
groups. However, no analysis based on the flour content of
individual foods and the mean and range of flour intakes by
children have been reported. Information on the intake of
flour from all sources, for different subgroups of the
population, is therefore needed to determine the impact of
COMA’s recommendation.

The present paper presents analysis of existing data on the
diets of English adolescents and reports on the intake of
white flour and total folate. Detailed information on the
white flour content of foods in McCance and Widdowson’s
The Composition of Foods (Paul & Southgate, 1978) was
available from earlier analysis with respect to calcium
carbonate fortification of flour (Moynihan et al. 1996). From
data on white flour intake, the impact of fortification of
white flour with folic acid at 2400mg/kg on the intake of
folic acid from this source is determined. The level of flour
folic acid fortification that would be needed to achieve an
intake of 400mg/d from this source is also determined. The
aims of the present paper are:

(1) to provide information on the levels of flour intake by
English adolescents;

(2) to report on total folate intake by adolescents;
(3) to calculate the impact of fortification of white flour

with folic acid (at 2400mg/kg) on the folic acid intake
(from fortification) by adolescents;

(4) to calculate the consequences of this in terms of total
folate intake by adolescents;

(5) to calculate the level of white flour fortification with
folic acid required to achieve an intake from this
source of 400mg/d in 97:5 % of girls;

(6) to calculate the consequences of this in terms of

additional folic acid intake by the highest white flour
consumers.

Methods

In 1990, a dietary survey of 379 schoolchildren aged 11–12
years was carried out in Northumberland, UK. The method
and main findings of this survey have been published
previously (Adamson et al. 1992). Briefly, each child
recorded all food and drink consumed on three consecutive
days on two separate occasions. Computerised food tables
together with purpose-written programs were used to
calculate the mean daily total folate intake (Paul &
Southgate, 1978; Tan et al. 1985; Holland et al. 1988,
1989). Using the occupation of the head of household
(Register General, 1980), subjects were divided into three
social class groups: social class groups I and II were labelled
as ‘high’, social class III as ‘middle’ and social classes IV
and V as ‘low’.

Intake of flour was determined by recipe inspection and
food dissection as previously described (Moynihan et al.
1996). The mean daily intake of flour (g/d) was multiplied
by 2:4 to give the theoretical intake of folic acid (mg/d) from
flour fortification at 2400mg/kg. In addition, the resulting
values were also added to the value obtained for dietary total
folate intake.

Based on the distribution of values for flour intake
calculations were carried out to determine the level of white
flour fortification with folic acid required to ensure that
97:5 % of girls would receive at least 400mg folic acid/d
from white flour. The consequence of this level of
fortification on the average additional folic acid intake of
the adolescents from this source, and the additional folic
acid intake of the highest 2:5 % of flour consumers, was
calculated.

Since the mean intake of flour for each subject was based
on only a small number of days, the observed distribution of
intakes was more variable than the true one. By estimating
components of variance the reliability (R ) of the individual
children’s means could be calculated (Dunn, 1989) and used
to find the standard deviation for girls in the underlying
distribution (Rugg-Gunn et al. 1987). This was carried out
so that estimates of fortification levels were based on the
true variance rather than the observed distribution. In an
attempt to minimise the effect of distribution assump-
tions, the observed proportion Pobs, falling in the lower
or upper 2:5 % of the population was adjusted, rather
than fitting a particular distribution to all of the data. We
assumed normality in the tails and obtained Pcor ¼
fðf 2 1ðPobsÞ=

p
RÞ where f is the cumulative normal

distribution function. Typically, the size of the adjust-
ment made is comparable with the standard error of the
estimate of the proportion.

Analyses were carried out separately for each sex and by
social class group. The level of significance of differences
between sexes was tested using t test and the statistical
significance of social class trends was tested using
ANOVA. Using observed uncorrected values for these
calculations includes variation from between survey as well
as between day. By using components of variance models,
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the between-children component of variance can be isolated
and used for a more accurate estimate of variation between
children (Moynihan et al. 1996).

Results

No statistically significant differences were found for flour
intake between sex or social class groups (Table 1). Based
on the white flour intake of this group of children,
fortification of white flour at a level of 2400mg/kg would
result in mean additional intakes of 199 (SEM 5) mg/d and
191 (SEM 6) mg/d in boys and girls respectively (Table 1). At
this level of fortification the lowest 2:5 % of flour consumers
would have additional folic acid intakes of 92mg and 71mg
for girls and boys respectively and the highest 2:5 % of flour

consumers would have additional intakes of 290mg and
327mg for girls and boys respectively.

The level of fortification required to ensure that
97:5 % of girls received 400mg/d from this source is
10 430mg/kg. This level of fortification would result in an
average additional folic acid intake of 831mg and 866mg/d
for girls and boys respectively (Table 2). The top 2:5 % of
white flour consumers would have an additional folic acid
intake of 1260mg/d and 1422mg/d for girls and boys
respectively.

No statistically significant differences were found
between social class groups for dietary folate intake,
however, boys were found to have a higher mean daily
intake compared with girls ðP ¼ 0:02Þ (Table 3). The
percentages of girls and boys who failed to achieve the UK
lower reference nutrient intake of 100mg/d (the amount
only sufficient for 2:5 % of a population; Department of
Health, 1991) for total folate were 6:9 % and 9:7 %
respectively. The percentage of children with intakes of
total folate above the reference nutrient intake of 200mg/d
(the amount sufficient for 97:5 % of a population;
Department of Health, 1991) were 9:1 and 24:7 % for girls
and boys respectively. The theoretical average intake of
total folate that would be achieved (from diet and white
flour fortification) if white flour were fortified at a level of
2400mg/kg would be 343 (SEM 6) mg/d for girls and 365
(SEM 8) mg/d for boys. At this level of fortification, all
subjects would have total folate intakes greater than the UK
lower reference nutrient intake of 100mg/d.

Discussion

The present paper has reported the mean intake of white
flour by adolescent English school children to be 80 g/d and
83 g/d for girls and boys respectively, and that fortification
of white flour with folic acid at a level of 2400mg/kg would
result in intakes of folic acid from this source of
approximately 200mg/d. This level of additional folic acid
intake would be associated with a 35 % reduction in the

Table 1. Intake of flour and calculated intake of folic acid from flour
fortification at 2400mg/kg by 379 English adolescents by sex and

social class group*

(Mean values with their standard errors)

Flour intake
(g/d)

Folic acid
from

fortification
(mg/d)

Social class group† n Mean SEM Mean SEM

Girls All 195 80 2 191 6
1 67 79 4 189 10
2 60 81 4 193 9
3 38 80 4 192 10

Boys All 184 83 3 199 5
1 70 84 5 202 12
2 56 78 4 187 10
3 32 90 6 216 14

* For details of subjects and procedures, see Adamson et al. (1992),
Moynihan et al. (1996) and p. 530.

† Key to social class groupings: 1¼ social classes I and II, 2¼ social class
III, 3¼ social classes IV and V (social class classification was unreliable
for twenty-six boys and thirty girls).

Table 2. Folic acid intake from flour if fortified at 10 430mg/kg of
379 English adolescents by sex and social class group*

(Mean values with their standard errors)

Folic acid intake
from fortification
at 10 043mg/kg

(mg/d)

Social class group† n Mean SEM

Girls All 195 831 23
1 67 820 45
2 60 842 41
3 38 835 45

Boys All 184 866 27
1 70 876 52
2 56 811 41
3 32 939 61

* For details of subjects and procedures, see Adamson et al. (1992),
Moynihan et al. (1996) and p. 530.

† Key to social class groupings: 1¼ social classes I and II, 2¼ social class
III, 3¼ social classes IV and V (social class classification was unreliable
for twenty-six boys and thirty girls).

Table 3. The intake of dietary total folate of adolescents by sex
and social class group*

(Mean values with their standard errors)

Total folate
intake from diet

(mg/d)

Social class group† n Mean SEM

Girls All 195 153 3:4
1 67 160 6:0
2 60 147 5:8
3 38 148 7:4

Boys All 184 166 4:4
1 70 171 7:5
2 56 173 8:6
3 32 161 10:4

* For details of subjects and procedures, see Adamson et al. (1992),
Moynihan et al. (1996) and p. 530.

† Key to social class groupings: 1¼ social classes I and II, 2¼ social class
III, 3¼ social classes IV and V (social class classification was unreliable
for twenty-six boys and thirty girls).
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incidence of neural tube defects (Department of Health,
2000). The level of flour fortification required to achieve an
intake of 400mg/d in 97:5 % of 11–12-year-old girls from
this source is 10 430mg/kg white flour.

The UK Department of Health (2000) recommendation is
for all flour to be fortified: the present analysis has
considered white flour only, as detailed information on the
wholemeal flour content of foods was not available.
However, the children in this study consumed on average
less than 20 g wholemeal bread/d and other sources of
wholemeal flour were negligible. Fortification of wholemeal
flour would add approximately 32mg folic acid/d (boys
31:9, girls 33:9) to the estimates given in the present paper.

The value obtained in the present study for additional
folic acid intake from fortification at 2400mg/kg flour is
remarkably similar to the estimate given in the COMA
report for girls of the same age group (188mg/d;
Department of Health, 2000). The level of fortification
that would achieve 400mg/d (the supplementary amount
recommended periconceptionally; Department of Health,
1992) is substantially higher than that recommended in the
recent COMA report, and than levels of fortification
currently practiced in other countries; in the USA and
Canada, flour is fortified with folic acid at a level of
1400mg/kg flour. However, the subjects in the present study
were not yet of child-bearing age and intake of flour-
containing foods may increase with age. White flour intake
did not differ significantly between sex and social classes
and this may suggest that fortification would have a fairly
uniform effect on total intake in a given age group.

Public health authorities may argue not to fortify foods
because of possible toxic effects. However, the recent
Department of Health COMA report (Department of Health,
2000) states that there are no convincing reports of evidence
of adverse neurological effects at intakes below 2000mg/d
and suggests an arbitrary safe upper daily intake of
1000mg/d. Fortification at 240mg/d would not suggest a
dietary intake exceeding 1000mg/d in any of the subjects
in the present study. Fortification at 10 430mg/kg may
result in intakes in excess of 2000mg/d in the minority of
boys. It may therefore not be possible to fortify flour at a
level to guarantee 400mg/d to all adolescent girls without
exceeding the presumed ‘safe’ level of intake defined in the
Department of Health report. The Medical Research
Council Vitamin Study did not find adverse effects from
folate supplementation at 4000mg/d and Czeizel & Dudas
found no toxic effects from supplementation at 8000mg/d
(Medical Research Council Vitamin Study Research Group,
1991; Czeizel & Dudas, 1992). These levels of supplemen-
tation are equivalent to 2:7- and 5:5-fold the folic acid
intakes from white flour that the highest flour consumers
(based on the present study) would be exposed to even if
white flour were fortified at 10 430mg/kg. However, these
studies did not aim to investigate the toxic effects of folic
acid (pteroylglutamic acid). Folic acid is metabolized to
methylfolate but this process is saturated at doses in the
region of 266–400mg pteroylglutamic acid (Lucock et al.
1989; Kelly et al. 1997). Fortification at high levels may
therefore result in lifelong exposure to unmetabolized
pteroylglutamic acid and more research is needed into the in
vivo effects of unmetabolized non-native pteroylglutamic

acid on folate-dependent enzymes as studies in vitro
indicate that pteroylglutamic acid acts to inhibit certain
enzymes including those associated with nucleotide
biosynthesis (Lucock et al. 1989; Kelly et al. 1997).

Folate supplementation has been associated with reduced
absorption of Zn. Simmer et al. (1987) found that 350mg
folate/d reduced the absorption of a high dose (25 mg) of Zn.
However, whether folate reduces Zn absorption at normal
levels of dietary Zn intake (about 7 mg/d) is unknown. Very
high doses of folate supplementation (75�reference nutrient
intake) have also been associated with mood changes
(Hunter et al. 1970). However, the dose used (15 mg/d) was
over 10-fold the estimated maximum folate intake from
flour fortification, at 10 430mg/kg, calculated in the present
paper. There are concerns that high intakes of folic acid
mask the anaemia of vitamin B12 deficiency and that this
increases the risk of neurological disorders. However, folic
acid fortification will not cause vitamin B12 deficiency and
vitamin B12 deficiency can be diagnosed without the
presence of anaemia.

The mean dietary intake of total folate in girls was
comparable with the estimated average requirement of
150mg/d (the amount thought to be sufficient for 50 % of a
population; Department of Health, 1991). The UK dietary
reference values are, however, relatively low compared with
other countries such as the USA where the dietary reference
intake for total folate is 400mg/d (Institute of Medicine,
1998). The low intakes of dietary folate found in the present
study further support the need for folate fortification to
achieve adequate intake.

The values for intake of total folate are lower than
previously published values for older children. Crawley
(1993) reported the folate intake of UK 16- and 17-year-old
adolescents. Mean intakes varied from 238 to 344mg/d.
Wild et al. (1996) found that folate intake in young adults
(aged 16–19 years) was above the reference nutrient intake.
The present values are more comparable with published data
for younger children. A mean daily intake of 165mg/d was
reported in children aged 7–8 years who consumed a
moderate amount of breakfast cereal (Ruxton et al. 1996).

The dietary data presented here were collected in 1990,
however, they provide the only data available on white flour
intake by adolescents in the UK. The present paper reports
data from one age group only. Adults are likely to consume
larger amounts of flour, and therefore would receive higher
intakes of folic acid if fortification were adopted.

The present study assessed dietary total folate using food
tables that are the best available estimate of folate content at
present. However, it is recognised that assessment of folic
acid intake is difficult because of the variation in the
bioavailability of natural folate and its degradation on
storage and preparation of food. The study presents total
folate and not folic acid equivalents in order to enable
comparison with previous research and the Department of
Health dietary reference values for folate which are
presented as total folate (Department of Health, 1991).

The measurement of voluntary food intake is known to be
problematic (Garrow, 1974), not only due to recording
inaccuracies, but also because it is difficult to obtain a good
estimate of an individuals average intake. The conclusions
of the present study are based on a dietary survey of a large
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sample of Northumbrian children representing both sexes
and across all social classes. However, the conclusions do
not account for possible geographical variations in the
intake of flour.

In the present study the 2 � 3 d estimated food diary
method was used to record food intake. We acknowledge
that the estimate of between-child variance will contain a
proportion of variance due to the dietary recording method,
which is the case with all dietary surveys. Reporting
inaccuracies are known to occur in food recording studies
and reliability and validity are difficult to assess (Young &
Trulson, 1960). The validity and reliabilty of the 2 � 3 d
estimated food diary method used in this study have been
previous discussed in detail by Hackett et al. (1983).
Additional validation of data from this survey based on the
ratio between estimated BMR and reported energy intake
has been carried out (Adamson et al. 1992) and ratios
obtained were not indicative of under-reporting and were
compatible with normal active adolescents.
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