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Abstract
Objective-To report micronutrient in-
takes in Northern Ireland schoolchildren,
and to establish the contribution of forti-
fied breakfast cereal to overall nutrient
intakes and achievement of current di-
etary recommendations.
Design-Analysis of dietary intakes and
physical characteristics of participants in
a randomly selected 2% population sam-
ple of 1015 schoolchildren aged 12 and 15
years in Northern Ireland during the
1990/1 school year.
Main outcome measures-Dietary in-
takes, physical characteristics, and their
association with consumption of fortified
breakfast cereal.
Results-Mean micronutrient intakes
were generally adequate with the excep-
tion oflow intakes offolate (boys and girls)
and iron (girls). Fortified breakfast cere-
als, consumed by a high proportion (94%
boys; 83% girls) of the sample, were asso-
ciated with higher daily intakes of most
micronutrients and fibre and with a
macronutrient profile consistent with cur-
rent nutritional recommendations. Ap-
preciable proportions of subjects who did
not consume fortified breakfast cereals
had daily intakes that fell below the lower
reference nutrient intake for riboflavin,
niacin, folate, vitamin B-12, and iron
(girls).
Conclusions-The results demonstrate
the potential of fortification in contribut-
ing to micronutrient intakes of schoolchil-
dren, particularly where requlirements are
high, or for those on marginal diets oflow
nutritional quality.
(Arch Dis Child 1996;75:474-481)

Keywords: fortification, micronutrients, dietary intakes,
Northern Ireland schoolchildren.

Diet in childhood is considered to be an
important factor in the development of disease
in later life. Not only are eating patterns
believed to be established in childhood, but
many diet related disease processes may start in
childhood. A number of epidemiological stud-

ies in different populations have demonstrated
'tracking' of risk factors for chronic disease, the
phenomenon whereby those individuals with
plasma lipids, blood pressure, and body mass
index in the upper end of the distribution in
childhood appear to remain so during
adulthood.' 2 Thus nutritional targets such as
those set out in the government strategy paper
The Health of the Nation have directed attention
to the diets of children and adolescents
acknowledging that many of the effects of diet
are long term.3 More recent reports have
re-emphasised that nutritional recommenda-
tions for the prevention of chronic disease in
adulthood are applicable in full from the age of
5 years onwards throughout childhood.4 Ado-
lescence is generally considered a nutritionally
vulnerable period, as it is a time of significant
change in lifestyle, food habits, and physiology.
Of particular concern is the maintenance of
healthy body weight, avoidance of excess fat
intakes, and achievement of adequate intake of
micronutrients.

Recent surveys of schoolchildren in the UK
have confirmed a trend away from conven-
tional family meal times towards dietary habits
that are characterised by informal eating and
frequent snacking,"6 with snack foods contrib-
uting up to one third of total energy intakes.7
Breakfast cereals feature prominently in the
diets of children and adolescents, not only at
breakfast but also as snack foods throughout
the day.8 The majority of breakfast cereals have
been fortified with a range of vitamins and iron
on a voluntary basis for many years, but the
effectiveness of such wide ranging fortification
in the diets of schoolchildren in theUK has not
been confirmed in a population study. Fortifi-
cation may be particularly important in the
diets of at risk subgroups, such as female ado-
lescents consuming 'slimming diets' to lose
weight (estimated to be up to 60% of girls aged
11-18 years),9 or where evidence for increased
requirement of a specific nutrient (for example
folic acid in the prevention of neural tube
defects) has resulted in the generation of
official recommendationsl' at levels far in
excess of those provided by the national diet.
The aim of the present study was to report

micronutrient intakes in a random sample of
Northern Ireland schoolchildren aged 12 and
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15, and to establish the extent to which the
consumption of fortified breakfast cereal by
this population contributes to overall nutrient
intakes and achievement of current dietary
recommendations.

Methods
SUBJECTS
The dietary and other data reported here were
collected as part of a larger study of coronary
risk factors in Northern Ireland schoolchil-
dren. A detailed description of the sampling
procedure used including reasons for non-
response, along with information on the nature
and extent of factors associated with coronary
risk in schoolchildren in Northern Ireland, has
been published previously." The sampling
procedure of the original study was designed to
select a sample of approximately 250 children
from each of the following age-sex groups: 12
year old boys, 12 year old girls, 15 year old
boys, 15 year old girls. Account was taken of
geographical spread and the different catego-
ries of schools in Northern Ireland. The
number amounted to a 2% random sample of
each of the two age populations in Northern
Ireland. The procedure allowed for non-
response and drop-outs by increasing the target
numbers by approximately 20%. An overall
response rate of78% resulted in a total of 1015
subjects being tested. Prior ethical approval for
the main study was secured from the Queen's
University of Belfast ethical committee, and
written consent was obtained from the parent
or guardian of each participating subject."
The test protocol included a medical

examination during which height and weight
were determined from which body mass index
was calculated. Skinfold thicknesses were
obtained from four sites for the estimation of
body composition.'2 Blood pressure was meas-
ured twice from the right arm as previously
described." Cardiorespiratory fitness was de-
termined by the 20 metre endurance shuttle
run,"3 and converted to predicted maximal
oxygen uptake score using linear regression.'4
Estimations of total cholesterol concentration
(enzymatic technique: CHOD-PAP, Boeh-
ringer Mannheim) were carried out on non-
fasting venous blood samples obtained under
local anaesthesia and separated within four
hours.

DIETARY METHODOLOGY
Full details of the dietary methodology, includ-
ing the quality control measures undertaken to
optimise consistency of procedures, have been
published elsewhere.'5 Briefly, dietary data
were obtained by three trained field workers
during an open ended interview (lasting
approximately one hour) using the diet history
method'6 to record habitual meal and snack
consumption, in conjunction with a food pho-
tographic atlas" and published data to estimate
food portion sizes.'8 Recorded food intakes
were converted into energy and nutrient
intakes using a computerised dietary analysis
program as previously described.'5

Reported food intakes by this dietary
methodology have been shown to be more

representative of energy intake than those
obtained by the weighed dietary record when
both methods were independently validated,
using doubly labelled water as a measure of
energy expenditure, in a sample of schoolchil-
dren of 12 and 15 years."' However, in order to
identify a small number of subjects whose
reported intakes were likely to be under-
representative of actual energy (and, in turn,
micronutrient) intake based on fundamental
principles of energy physiology, a statistically
derived lower cut off value for ratios of
reported energy intake to calculated basal
metabolic rate (EI:BMR, 1.14)20 was applied;
any individual with an EI:BMR ratio of less
than this value may be classified as an
under-reporter of food intake. When this cut
offpoint was employed in a previous analysis of
this population,'5 under-reporting was identi-
fied in 13.4%, 7.8%, 6.0%, and 5.6% of 15
year old girls, 12 year old girls, 12 year old
boys, and 15 year old boys respectively. The
same principle can be applied to identify over-
reporters of food intake by using an upper cut
off value of EI:BMR. The use of these cut off
values based on multiples of BMR to remove
those with doubtful food intakes is still a mat-
ter of debate and it is difficult to derive an
objective upper cut off value.2' Thus, in the
presentation of micronutrient intake, all data
were retained and analysed by methods robust
to values in the tails of the nutrients being
studied (see under statistical methods) as
previously used in the publication of macronu-
trient intake in this population.'5 However, for
comparison of intakes according to fortified
breakfast cereal consumption level, and for
examination of data according to achievement
of dietary reference values, it was felt important
to exclude those subjects classified as under-
reporters since the correlation of total nutrient
intake with total energy intake for most micro-
nutrients means that under-reporting overesti-
mates the presence of low intakes.

STATISTICAL METHODS
Mean values for micronutrients reported in
table 1 are medians with 25th and 75th
centiles. Statistical comparisons between sub-
ject age-sex groups are based on the
Kolmogorov-Smirnov two sample test at a 5%
significance level. Values with respect to
fortified breakfast cereal consumption are
reported (tables 2,4, and 5) as means with 95%
confidence intervals. Fortified breakfast cereal
consumption categories are 0, 1-20, 1-40, and
>40 g/day which correspond to non-consumer,
consumption of breakfast cereal two to three
times weekly, once daily, and more than once
daily respectively. Statistical comparisons be-
tween levels of breakfast cereal consumption
are based on one way analysis of variance with
least significant difference test (in some cases a
square root or log transformation of the data
was employed as appropriate). In tables 2, 4,
and 5 a large number of hypothesis tests, each
at the 5% level, are reported. Because of the
problem of multiple testing, the assertion of a
significant difference should be treated with
caution; the existence of a statistically signifi-
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Table 1 Median daily intake of micronutrients in Northern Ireland schoolchildren. Median values with 25th and 75th
centiles are given in parentheses

Boys Girls

12years (n=251) 15 years (n=252) 12 years (n=258) 15 years (n=254)

Thiamin (mg) 1.38 (1.08, 1.65) 1.59 (1.27, 1.87) 1.09 (0.92, 1.37) 1.04 (0.86, 1.27)
Riboflavin (mg) 1.93 (1.44, 2.41) 2.24 (1.71, 2.86) 1.51 (1.18, 1.83) 1.29 (1.01, 1.71)
Niacin (mg) 33.0 (27.6, 39.8) 39.8 (33.0, 47.4) 27.0 (22.7, 32.4) 26.7 (22.0, 32.7)
Vitamin B-6 (mg) 1.91 (1.48, 2.34) 2.22 (1.82, 2.63) 1.58 (1.31, 1.89) 1.49 (1.23, 1.86)
Vitamin B-12 (gig) 3.4 (2.6, 4.3) 3.9 (3.1, 5.3) 2.6 (2.0, 3.3) 2.5 (1.7, 3.2)
Folate (jg) 129 (101, 154) 156 (123, 193) 114 (95, 141) 121 (98, 155)
Retinol (jig) 386 (260, 513) 465 (337, 624) 295 (225, 400) 304 (219, 407)
Carotene (jig) 1589 (732, 2661) 1523 (707, 2664) 1475 (865, 2454) 1416 (806, 2484)
Vitamin C (mg) 61.7 (43.8, 90.9) 73.2 (50.9, 102.4) 68.0 (44.0, 97.6) 71.1 (49.3, 114.8)
Vitamin D (jig) 1.74 (1.11, 2.80) 2.18 (1.29, 3.41) 1.67 (0.99, 2.32) 1.66 (0.96, 2.73)
Vitamin E (jig) 4.9 (3.8, 6.5) 5.9 (4.5, 7.7) 4.9 (3.7, 6.5) 5.5 (4.2, 7.2)
Iron (mg) 12.5 (10.6, 15.6) 15.0 (12.7, 17.6) 10.6 (9.0, 13.0) 10.9 (8.6, 13.1)
Zinc (mg) 8.6 (7.3, 10.3) 10.3 (8.4, 12.7) 7.3 (6.0, 8.9) 7.4 (5.9, 9.0)
Copper (mg) 1.7 (1.4, 2.0) 1.9 (1.7, 2.4) 1.4 (1.2, 1.7) 1.4 (1.2, 1.8)

cant difference does not necessarily infer a
practically important difference. The reporting
of such differences was, however, considered to
be useful to the reader. The least significant
difference test was carried out only when the
variance ratio in the analysis of variance was
significant at p<0.05.
When the EI:BMR cut off ratio of 1.14 was

employed to exclude the subjects who were
classified as under-reporters of actual food
intake, an edited sample comprising boys aged
12 years (n=237) and 15 years (n=238) and
girls aged 12 years (n=238) and 15 years
(n=221) was obtained. This edited sample was
used in all analyses except for the median (25th
and 75th centile) values reported in table 1 (see
under dietary methodology).

Results
Median (25th and 75th centiles) daily intakes
of micronutrients for each age-sex group are
reported in table 1. The 15 year old boys had
significantly (p<0.001) higher intakes than the
12 year old boys who, in turn, had significantly
(p<0.001) higher intakes than girls of thiamin,
riboflavin, niacin, vitamin B-6, vitamin B-12,
retinol, iron, zinc, and copper. The 15 year old
boys also had significantly higher intakes than
the 12 year old boys of folate and vitamin E.
The latter, in turn, had a significantly
(p<0.001) higher intake of folate than the 12
year old girls. Intakes of folate, vitamin C, and
vitamin E by the older girls were also
significantly (p<0.05) higher than the younger
girls. The intake ofvitamin D in the 15 year old
boys was significantly higher than in the 12
year old boys (p<0.01) and also higher than in
the 12 year old girls (p<0.001).
A high proportion of Northern Ireland

schoolchildren reported eating fortified break-
fast cereal (95 and 92% of males aged 12 and
15 years; 87 and 78% of females aged 12 and
15 years respectively). Of those consuming
breakfast cereal, a substantial proportion (84%
of male consumers, 60% of female consumers)
consumed more than 20 g/day-that is, at least
one serving daily.

Estimates of daily intake of micronutrients
traditionally added to breakfast cereals, along
with calcium and zinc at four levels of
consumption of fortified breakfast cereal, are
given in table 2. Intakes of thiamin, riboflavin,

and niacin increased with increasing consump-
tion of breakfast cereal in all sex-age groups.
Vitamin B-6 intake was significantly different
between the breakfast cereal consumption
groups only in 12 year old girls who consumed
more than 40 g/day fortified breakfast cereal. In
general, higher breakfast cereal consumption
was associated with higher vitamin B-12
intake, except for boys aged 12 years. Folate
intake significantly increased with increasing
consumption of fortified breakfast cereal in the
younger adolescents and was greater in girls
aged 15 who consumed more than 20 g/day
breakfast cereal and in 15 year old boys who
consumed more than 40 g/day breakfast cereal,
compared with non-consumers or those con-
suming lower levels. In general, higher break-
fast cereal consumption was associated with
higher iron intake in all age-sex groups except
15 year old boys. Calcium intake increased
with increasing breakfast cereal consumption
in all age-sex groups. Zinc intake was higher at
breakfast cereal consumption levels greater
than 20 g/day in 15 year old boys and girls, and
greater than 40 g/day in 12 year old boys, while
zinc intake increased with increasing breakfast
cereal consumption in 12 year old girls. There
was no consistent association between intakes
of micronutrients not typically added to break-
fast cereal, including retinol, carotene, vitamin
E, vitamin C, and copper, and breakfast cereal
consumption in age-sex group (values not
reported).
The percentages ofNorthern Ireland school-

children who did not meet the lower reference
nutrient intake (LRNI) for micronutrients
traditionally added to breakfast cereal and cal-
cium and zinc at four levels of consumption of
fortified breakfast cereal are shown in table 3.
In all cases, a decreasing percentage of subjects
not meeting the LRNI value was found with
increasing level of consumption of fortified
breakfast cereal. Vitamin D data are not given
owing to the uncertainty concerning reference
values for this micronutrient." Neither thiamin
nor vitamin B-6 data are included in the table
since no subject had a daily intake below the
LRNI for either of these micronutrients.

Daily intakes of energy, energy yielding
nutrients, and fibre at four levels of consump-
tion of fortified breakfast cereal in Northern
Ireland schoolchildren are given in table 4.
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Energy intakes were not significantly different
between the breakfast cereal consumption
groups in 15 year olds of either sex, but 12 year
old boys and girls who consumed more than 40
g/day breakfast cereal-that is, more than one
serving daily-had higher energy intakes than
non-consumers or those consuming lower lev-
els. Boys (both age groups) who consumed
more than 40 g/day breakfast cereal and
younger girls who consumed more than 20
g/day breakfast cereal had significantly lower
percentage contribution of fat to total energy
intakes than non-consumers or those consum-
ing lower levels of breakfast cereal. Conversely
higher carbohydrate (as a percentage of total
energy) intakes were generally associated with
higher breakfast cereal consumption in boys
and younger girls. Intake of total sugars was
higher in 15 year old boys consuming more
than 40 g/day and in 12 year old girls consum-
ing more than 20 g/day breakfast cereal
compared with non-consumers or those con-
suming lower levels. In the case of 12 year old
boys and 15 year old girls, there was no signifi-
cant difference in total sugars according to
breakfast cereal consumption level, but starch
intake was higher in both groups at levels of
consumption above 40 g/day. Fibre intake gen-
erally increased with increasing consumption
of breakfast cereal in girls and was higher in
boys (both age groups) who consumed more
than 40 g/day.

Subject and physical characteristics at four
levels of consumption of fortified breakfast
cereal were also assessed (table 5). A trend
towards lower total cholesterol concentrations
with increasing level of consumption of break-
fast cereal was apparent in all groups, but
significantly (p<0.001) so only in girls aged 12
years. Cardiorespiratory fitness as determined
by maximal oxygen intake score was also
greater (p<0.04) in 12 year old girls who con-
sumed breakfast cereal compared with non-
consumers. There were non-significant trends
towards lower body mass index and percentage
body fat with increasing level of consumption
of breakfast cereal in all age-sex groups.
Neither systolic nor diastolic blood pressure
was significantly different between the various
breakfast cereal consumption levels in any age-
sex group.
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The availability of data from a survey con-

ducted in 1990/1 of a randomly selected popu-
lation sample (n=1015; 2%) of 12 and 15 year
olds in Northern Ireland" provided an

opportunity to examine the intakes of a range
of micronutrients and the importance of
breakfast cereal fortification to such intakes.
The macronutrient intake of this population
has been previously reported'5 but data on

micronutrient intake are not currently avail-
able. Breakfast cereals are the only foods eaten
by a substantial proportion of Northern
Ireland schoolchildren which are fortified with
a wide range of micronutrients. The only other
commonly eaten fortified foods are those forti-
fied with specific micronutrients only (for
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Table 3 Percentage ofsubjects who did not achieve the LRNIfor micronutrients traditionally added to breakfast cereal and calcium and zinc by breakfast
cereal consumption

Breakfast cereal consumption (glday)

0 1-20 21-40 > 40

Boys Girls Boys Girls Boys Girls Boys Girls

Age (years) 12 15 12 15 12 15 12 15 12 15 12 15 12 15 12 15
Sample size 11 20 31 49 42 29 67 85 95 95 106 60 89 94 34 27

Riboflavin 18 15 35 20 0 0 3 6 1 0 0 0 0 0 0 0
Niacin 18 20 13 8 5 0 3 2 0 1 1 0 0 0 3 4
Vitamin B-12 0 10 10 8 0 0 0 7 0 1 0 2 0 0 0 0
Folate 100 75 94 96 90 86 93 95 89 82 93 80 85 57 76 70
Iron 0 0 35 20 0 0 22 17 1 0 13 8 0 0 11 4
Calcium 18 10 32 4 0 0 9 3 0 0 4 0 0 0 3 0
Zinc 0 0 23 2 7 0 7 0 2 0 8 2 0 1 0 0

No subject had a daily intake of thiamin or vitamin B-6 that was below the LRNI. Vitamin D data are not shown because of the uncertainty concerning reference
values.22

example wheat flour with calcium, iron,
thiamin, niacin; margarine with vitamin A and
vitamin D).
Mean micronutrient intakes of this popula-

tion were generally well above reference
values,22 with the exception of folate intake
which fell well below the estimated average
requirement (EAR) in all age-sex groups apart
from boys aged 15 years, and iron intake (well
accepted to be a problem in girls),8 which fell
below the EAR for females of both age groups.
The proportion of Northern Ireland adoles-

cents habitually consuming fortified breakfast
cereal in the present study (94% boys, 83%
girls) was higher than that previously reported
in 14-16 year old adolescents in Nottingham-
shire (71% boys, 46% girls)23 and in a sample of
5000 adolescents aged 16-17 years throughout
Great Britain (79% boys, 63% girls).24 This
may be due to the younger age group of
subjects in the present study and an apparent
trend towards decreased consumption of
breakfast cereal in older adolescents,8 but may
also reflect regional differences in dietary prac-
tices. Comparison of daily intakes of micronu-
trients traditionally added to breakfast cereals
in non-consumers compared with consumers
of fortified breakfast cereal shows significantly
higher values among the latter. In many cases
micronutrient intakes increased significantly
with increasing level of consumption of forti-
fied breakfast cereal. This finding cannot be
explained simply in terms of overall higher
energy intakes with increased breakfast cereal
consumption since the finding was observed in
15 year old boys and girls whose overall energy
intakes were not significantly different when
consumers and non-consumers were com-
pared, or when energy values at different levels
of breakfast cereal consumption were com-
pared.
Although intakes of most micronutrients in

this population appear adequate when ex-
pressed as mean values, appreciable propor-
tions of those Northern Ireland schoolchildren
who did not consume fortified breakfast cereal
had daily intakes below the LRNI for indi-
vidual micronutrients (riboflavin, 23%; niacin,
13%; vitamin B-12, 8%; folate, 92%; iron
(girls), 26%; calcium, 14%; zinc (girls), 10%).
The LRNI of any nutrient is the amount
estimated to meet the needs of the bottom 3%
of the population; if individuals are habitually

eating less than the LRNI they will almost cer-
tainly be deficient.22 For most micronutrients
the percentage of subjects with overall intakes
below the LRNI decreased with increasing
level of consumption of fortified breakfast
cereal; among those consuming 20 g/day or
more-that is, at least one serving of breakfast
cereal daily-few subjects with such low daily
intakes were found. This clearly demonstrates
the potential of fortification to benefit those
subjects consuming diets of low/marginal
nutritional quality. The exceptions were folate
(in all age-sex groups) and to a lesser extent
iron (in younger girls in particular), for which
high proportions of subjects had intakes falling
below the LRNI despite consuming high levels
of fortified breakfast cereal, as reflected in the
low mean intakes of these nutrients.

Evidence that these observations reflect real
effects of fortification and are not simply the
result of an overall dietary pattern for which
breakfast cereal consumption is a marker is
supported by data on the intakes ofmicronutri-
ents such as retinol, carotene, vitamin E, and
vitamin C, not usually added to breakfast
cereal during fortification, which showed no
significant differences when examined accord-
ing to breakfast cereal consumption level in any
age-sex group (not shown). Since fortified
breakfast cereals are consumed with milk it is
not possible to separate the dietary effects of
the two foods by this type of analysis; high con-
sumers of breakfast cereal almost certainly also
consume high milk levels. Thus the significant
increases in intakes of nutrients such as
calcium and zinc according to breakfast cereal
consumption level are most likely due to the
milk consumed with them, since breakfast
cereals are not typically fortified with, or natu-
rally rich in, these nutrients. Likewise the
association demonstrated between fortified
breakfast cereal consumption and riboflavin
intake probably reflects the dietary composi-
tion of both foods.
The public health rationale for fortification

(the addition of nutrients to a food to levels
above those normally present in that food) is
that additional intakes of nutrients may be
beneficial in population groups.25 The question
of folic acid fortification has received much
attention recently following the publication of
conclusive evidence of the effectiveness of the
vitamin in the prevention ofneural tube defects
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(NTDs)."6 Although the mechanism(s) in-
volved are still under investigation, and also
appear to involve an independent role for vita-
min B-1 2,27 such findings have led to the
generation of new folic acid recommendations
by the UK Department of Health.'0 These rec-
ommendations are almost identical with those
published by other national authorities in the
USA and Australia.28 29 The recommendation
for the prevention of first occurrence ofNTDs
in women with no previous history (represent-
ing 95% of all cases) is 400 pg/day folic acid,
over and above current intakes of the vitamin.'0
Folic acid fortification offers the most promis-
ing means of ensuring that the recommended
levels are reached by the target population-
that is, all women of child bearing age-since
increasing natural food folate sources alone
would require a threefold increase in current
folate intakes.'0 Moreover, even when a signifi-
cant increase in food folate intake is achieved
experimentally, it has recently been shown to
be relatively ineffective (compared with supple-
ments and fortified food) at increasing erythro-
cyte folate status, probably because of the
poorer bioavailability of the vitamin when
present in the polyglutamate (food folate)
form." Supplementation with folic acid, al-

0) though effective, is unlikely to reach a major
.2 proportion of those who need it." In the

present study the folate intakes of female ado-
v lescents (1 14 and 121 jg/day in 12 and 15 year

olds respectively) fell far short of recom-
mended levels, failing even to achieve the refer-
ence value of 200 pg/day which was set before

5% the publication of the new folic acid recom-
a mendations specific to the prevention of

NTDs.10 There is cause for concern in this
regard since most teenage pregnancies are
unplanned (therefore folic acid supplementa-
tion before conception is unlikely to be in

C-' place), and the incidence of NTDs, which is
particularly high in Northern Ireland," appears
to be higher in younger (and older) mothers

a than the general population of women in their
reproductive years.'0 The fact that folate
intakes increased significantly with increasing
consumption of fortified breakfast cereal dem-
onstrates the potential of fortification to make a
valuable contribution to overall folate intakes,
but clearly current levels of fortification are not
high enough to ensure that the recommended
increased intakes are reached by this vulnerable
group. The present study therefore supports
recent arguments'4 for a public health initiative
to include a more aggressive approach to folic
acid fortification. New evidence on the role of

g. folic acid'5 (and to a lesser extent vitamins B-6
o and B-12)'6 in lowering plasma homocysteine

level, an independent risk factor for coronary
heart disease in the general population, is likely
to strengthen the arguments for fortification
with these micronutrients.

a Any potential benefit of consumption of for-
tified breakfast cereal on micronutrient intake
would be irrelevant if it resulted in a dietary

.2 pattern that was in conflict with current
recommendations for the prevention of chronic
disease.' 4 Thus the extent to which breakfast
cereal consumption patterns of Northern
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Ireland schoolchildren relate to macronutrient
intake and health indices was also examined in
the present study. Fat as a percentage of dietary
energy has previously been reported for this
population to be high at 39%,15 and consider-
ably above current Department of Health3 4
recommendations of 35%. Although none of
the breakfast cereal consumption subgroups
met the recommendation, the finding that fat
intake of this population decreased with
increasing consumption of breakfast cereal is
consistent with other studies."4 37 38 Corre-
sponding increases in carbohydrate (as a
percentage of dietary energy), starch, and fibre
were shown to be associated with increased
breakfast cereal consumption, generally con-
forming with the recommendation of increas-
ing intake of complex carbohydrates as a means
of achieving a reduction in fat as a percentage
of total energy.4 The consumption of fortified
breakfast cereal in the present study was not
consistently associated with increased intake of
total sugars; thus the increase in carbohydrate
energy associated with breakfast cereal con-
sumption cannot be explained by increased
sugars alone. The trends in subject and physi-
cal characteristics such as body mass index,
percentage body fat, and cholesterol level,
which tended to decrease with increased
consumption of breakfast cereal, may be the
indirect result of the inverse relationship
between fat energy and breakfast cereal level.
Alternatively these trends may simply be a
reflection of a general dietary and lifestyle pat-
tern for which breakfast cereal consumption is
a marker. In any case, with the exception of
cholesterol levels in 12 year old girls, none of
these trends was significant. Support for
concerns that the sodium content of some
manufactured food may contribute to elevated
blood pressure4 was not evident in the case of
breakfast cereals in the present investigation in
which there were no significant differences in
systolic or diastolic blood pressure associated
with the consumption of breakfast cereal.

In conclusion, although mean micronutrient
intakes of Northern Ireland adolescents gener-
ally appear to be adequate, there is cause for
concern in the case of low folate intake (in both
boys and girls) and low iron intake in girls.
Fortified breakfast cereals, which are con-
sumed by a high percentage of Northern
Ireland schoolchildren, appear to make a
significant contribution to micronutrient in-
takes, particularly in subjects consuming diets
ofpoor nutritional quality. Effects on macronu-
trient intakes associated with breakfast cereal
consumption are consistent with current di-
etary recommendations.
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