Breakfast consumption is associated with a more desirable
nutrient intake in adults' ~>, adolescents and children
In addition, nutrients omitted with breakfast are often not adolescents and children
compensated for by other meals during the course of the

suggested that the more desirable nutrient intake calcium
associated with breakfast consumption is due to the
inclusion of ready-to-eat breakfast cereals (RTEBCs). Ireland'®

Breakfast cereals are generally high in carbohydrate,
low in fat, some are high in fibre and many contain
appreciable amounts of certain vitamins and minerals, from carbohydrate in adults
particularly those that have been fortified. Breakfast
cereals contribute significantly to the intakes of vitamins
and minerals in adults
that the consumption of breakfast cereals is associated
with higher micronutrient intakes in adults
cents and children
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Abstract

Objective: To describe the consumption of ready-to-eat-breakfast cereals (RTEBCs) in
Irish adults and its impact on adequacy and safety of micronutrient intakes and
compliance with dietary recommendations.

Design: Analysis for this paper used data from the North/South Ireland Food
Consumption Survey that estimated habitual food intake using a 7-day food diary in a
representative sample of adults aged 18—64 years (7 = 1379; 662 men, 717 women).
Results: Despite the small quantity consumed (mean 28.6gday” ' or 4.7% of total
energy intake), RTEBCs made an important contribution to the mean daily intake of
carbohydrate (8.1%), starch (10.8%), dietary fibre (9.8%) and non-starch poly-
saccharides (NSP) (10.8%) in consumers. Increased consumption was associated with
a more fibre-dense diet and with greater compliance with dietary recommendations
for fat, carbohydrate and NSP. Fortified RTEBCs contributed significantly to mean
daily intakes of iron (18%), thiamin (14%), riboflavin (17%), niacin (15%), vitamin Bg
(13%), total folate (18%) and vitamin D (10%) and most of the contribution was from
micronutrients added to RTEBCs. Increased consumption of fortified RTEBCs was
associated with an increased nutrient density for a number of micronutrients and with
a lower prevalence of dietary inadequacy of calcium, iron, riboflavin and folate,
particularly in women. However, it was not associated with intakes in excess of the
Tolerable Upper Intake Level for any micronutrient.

Conclusions: The consumption of RTEBCs is associated with improved compliance
with dietary recommendations for fat, carbohydrate and fibre, with a more
micronutrient-dense diet and a reduced risk of dietary inadequacy for calcium, iron,
riboflavin and folate, without increasing the risk of excessive intakes of
micronutrients.
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Breakfast cereals are widely consumed, particularly in
and a number of studies have shown an
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Some studies have shown that breakfast cereal consump-
tion is associated with an increased fibre intake in both
adults'®' and adolescents**. The consumption of break-
fast cereals with higher fibre content has also been
associated with an increased intake of fibre***"3%,

A food consumption survey in the Republic of Ireland,
carried out between 1987 and 1988%, showed that
breakfast cereal made a significant contribution to the
intakes of micronutrients, particularly in population
groups where inadequate intakes of some micronutrients
were prevalent®. New data on food consumption in
18—064-year-old adults is available from the North/South
Ireland Food Consumption Survey, which was conducted
between 1997 and 1999°*,

The aims of this paper are to describe RTEBC
consumption in Irish adults, to quantify the contribution
of RTEBCs to dietary intakes of macronutrients and
micronutrients, and to determine their impact on
adequacy and safety of micronutrient intakes and on
compliance with dietary recommendations for macronu-
trients and fibre.

Methods

The analysis for this paper is based on data from the
North/South Ireland Food Consumption Survey (NSIFCS),
a cross-sectional study that was carried out between 1997
and 1999 by the Irish Universities Nutrition Alliance®*.
Individuals aged 18-64 years were randomly selected
using the electoral register as the sampling frame,
excluding pregnant or lactating women. Food intake was
estimated in 1379 respondents (662 males and 717
females) and analysis of the demographic features in this
sample has shown it to be a representative sample of the
Irish adult population®. A more detailed account of
the sampling procedure used in the NSIFCS is available
elsewhere?”.

A 7-day food diary was used to collect food and
beverage intake data; the methods used to quantify food
and drink intakes are described in detail elsewhere®. The
researcher made four visits to the respondent during the
7-day period: a training visit to show how the food diary
was kept; a second visit 24—36 h into the recording period
to review the diary, check for completeness and clarify
details regarding specific food descriptors and quantities; a
third visit 4 or 5 days into the recording period to check the
previous 2 or 3 days and to encourage completion; and a
final visit 1 or 2 days after the recording period to check
the last days and to collect the diary. The respondents
were asked to record detailed information regarding the
types and amounts of all foods, beverages and nutritional
supplements consumed over the 7-day period, the
cooking method used (where applicable), the brand
name of foods (where appropriate) and details of recipes
and any leftovers. Data were also collected on the time of
each eating or drinking occasion, the respondent’s
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definition of each eating or drinking occasion
(e.g. morning snack, lunch, etc.) and the location of the
preparation or source of the meal or snack consumed
(e.g. home, work, takeaway, etc.).

On the basis that different foods are best quantified
using different methods and some methods of quantifi-
cation are more precise than are others, a hierarchical
approach to food quantification was used as follows.

1. The researcher weighed the respondent’s typical
portion of certain foods and beverages, particularly
those that were consumed most
(e.g. RTEBC, home-made bread).

2. A photographic food atlas developed for the survey,
which contained 60 photographs of foods consumed
commonly in Ireland®’.

3. Suggested serving sizes indicated on food labels.

4. A database of average portions of certain foods
(e.g. sliced meats, takeaway foods) was compiled by
the research team.

5. Food weights and average food portion sizes estimated
for UK adults by the Ministry of Agriculture, Fisheries
and Food (MAFF)*®.

6. Household measures.

7. The researcher estimated portion sizes based on the
respondent’s eating patterns.

commonly

The majority of RTEBCs recorded (58%) were quantified
by the researcher weighing a typical portion of breakfast
cereal consumed by the respondent, 24% were quantified
by assigning average food portion sizes estimated for UK
adults*®, 13% were quantified from individually portioned
packets and from average portion sizes suggested
by the manufacturer on the label and 4% were estimated
by the researcher.

Self-administered questionnaire data were also obtained
on sociodemographic factors and health and lifestyle
parameters.

Food intake data were analysed using WISP® (Tinuviel
Software, Warrington, UK). WISP® uses data from
McCance & Widdowson’s The Composition of Foods, fifth
edition® plus supplemental volumes®~* to generate
nutrient intake data. Modifications were made to the food
composition database: 993 extra new foods (including
analysed recipes of composite dishes, nutritional sup-
plements, generic Irish foods that were commonly
consumed and new foods) were added. The data handling
and processing procedures used have been described in
greater detail elsewhere®®. With regard to RTEBCs,
nutrient composition data were revised for existing cereals
using up-to-date manufacturers’ data and new breakfast
cereals were assigned new food codes with the
corresponding nutrient composition data being obtained
from manufacturers. The indigenous levels of micronu-
trients in RTEBCs (i.e. before micronutrient addition) were
obtained from manufacturers’ data, and the quantity of
micronutrients added to RTEBCs was calculated by
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subtracting the indigenous levels in an RTEBC from the
levels in the product as sold®.

The food consumption database generated from the
food survey listed each individual food item as consumed
by each respondent, together with the nutrient compo-
sition for the quantity of each food consumed. Overall,
3060 different foods were recorded and this included 57
different types of RTEBC. Respondents who consumed
RTEBCs at any time during the 7 days of recording were
classified as RTEBC consumers. RTEBCs were classified as
low-fibre if they contained less than 6 g of dietary fibre per
100 g of dry cereal and as high-fibre if they contained 6 g or
more of dietary fibre per 100 g of dry cereal.

The Average Requirement (AR) was used as a cut-off
point to estimate the proportion of the population sub-
group with inadequate micronutrient intakes and this
method has been shown to be effective in obtaining a
realistic estimate of the prevalence of dietary inade-
quacy”’. The AR is the daily intake value that is estimated
to meet the requirement, as defined by a specified
indicator of adequacy, in 50% of a life-stage or gender
group’'. The percentage of the population with a mean
daily nutrient intake that is lower than the AR is taken as an
estimate of the percentage of the population with
inadequate intakes.

For any nutrient, estimation of the level of inadequacy
by this method is most accurate if intakes and require-
ments are independent, if the standard deviation (SD) of
intakes is at least twice as large as the SD of requirements,
and if the requirements are symmetrically (but not
necessarily normally) distributed. The estimate of intake
should represent habitual intake and the estimate of
adequacy can be influenced by underreporting of food
consumption®. O’'Brien et al>* and Hannon et al.>
reported that the SDs of the mean intakes of vitamins and
minerals in this population sample were greater than the
commonly assumed SD of the requirement of 15% of the
mean’®. It is generally assumed that for vitamins and
minerals the intakes and requirements are independent
and that the average requirements for vitamins and
minerals, except iron, are symmetrically distributed®*>?.
Bingham et al.>® have shown that a 7-day food diary as
used in this survey is a useful means of measuring habitual
intake with respect to vitamins and minerals, except for
retinol and carotene, where a significant contribution to
mean daily intake is made by rich dietary sources that are
consumed on an irregular basis. As with any dietary survey
where food intake is self-reported there is evidence of
misreporting; in particular, underreporting in the present
survey’. Underreporting is likely to lead to an over-
estimate of the prevalence of inadequate intakes.

The risk of excessive intake of micronutrients was
assessed by estimating the proportion of the population
with intakes exceeding the Tolerable Upper Intake Level
(UL). UL values have been established for retinol
(3000 g day ™ H>’, vitamin D (50 pgday™ H*®, vitamin E
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(1000 mgday ™, vitamin Bg (25 wgday™ H®, folic acid
(1000 pg day ™ H°! vitamin C (2000 mgday™ ">, calcium
(2500 mgday ™", phosphorus (4000 mgday™H® iron
(45 mgday71)57, copper (10mgday > and zinc
(40 mg day_l);.

Data were analysed using SPSS® Version 10.0 for
Windows™ (SPSS Inc., Chicago, IL, USA). The analysis was
carried out both including and excluding underreporters
of energy intake, identified as having a ratio of energy
intake (ED to basal metabolic rate (BMR) of less than
1.05%. All data presented in this paper include under-
reporters, as removal of underreporters did not change the
overall trends observed. Tertile analysis was used to divide
men and women, separately, into low, medium and high
consumers of RTEBCs or fortified RTEBCs. Chi-square
analysis and Pearson’s chi-square were used to assess
associations between sociodemographic variables and
consumers and non-consumers of RTEBCs. Independent
t-tests or the corresponding Mann—Whitney test for non-
parametric data were used to assess differences between
means in men and women and in RTEBC consumers and
non-consumers. One-way analysis of variance with post
hoc multiple comparisons was used to determine
significant differences in means between age groups or
types of RTEBC consumer. For non-parametric data, the
corresponding Krusal—Wallis test was employed. Bivariate
correlation analysis was used to determine the associ-
ations between nutrient intake and increased RTEBC
consumption. Values of P < 0.01 were reported as
statistically significant.

Results

RTEBC consumption

Breakfast cereals were consumed by 73% of the total
sample on at least one eating occasion during the
recording week. An RTEBC was consumed by 67% of
the total sample (66% of men and 69% of women).
Fortified RTEBCs were consumed by 60% of men and by
63% of women and on 91% of all eating occasions that
included an RTEBC. Overall, 31% of men and 24% of
women were consumers of low-fibre RTEBCs only, 21% of
men and 27% of women were consumers of high-fibre
RTEBCs only and 14% of men and 18% of women were
consumers of both low- and high-fibre RTEBCs. Ninety-
one per cent of all eating occasions that contained an
RTEBC were consumed as part of a breakfast meal (as
defined by the respondent) while 9% were consumed as
part of a snack (morning, afternoon or evening snack).
Ninety-six per cent of all eating occasions that included an
RTEBC occurred in the respondent’s home.

Table 1 compares the sociodemographic characteristics
of RTEBC consumers and non-consumers, by reporting
the percentage of consumers and non-consumers in each
category of each characteristic listed. The consumption
of RTEBCs was associated with higher educational
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Table 1 Sociodemographic characteristics of RTEBC consumers and non-consumers for men and women separately
Men Women
Non-consumers Consumers Non-consumers Consumers
(n=225) (n=437) (n=225) (n=492)
P-value* n n % P-value* n % n %
Education level
Primary 0.004 57 25.8 83 19.5 0.000 62 28.4 87 18.0
Intermediate 56 25.3 72 16.9 58 26.6 96 19.8
Secondary 32 14.5 81 19.0 37 17.0 105 21.7
Third level 76 34.4 190 44.6 61 28.0 196 40.5
Social classt
Managerial, 0.001 74 34.9 194 46.9 0.054 78 37.5 225 48.2
professional & technical
Non-manual skilled 24 11.3 67 16.2 56 26.9 106 227
Manual skilled 70 33.0 85 20.5 34 16.3 72 15.4
Semi-skilled, unskilled 44 20.8 68 16.4 40 19.2 64 13.7

RTEBC - ready-to-eat breakfast cereal.
* Pearson’s chi-square.
1 Central Statistics Office, Ireland.

attainment (men P = 0.004; women P = 0.000); for
example, a lower proportion of non-consumers compared

with consumers completed secondary or third-level
education (49% vs. 64% in men and 45% vs. 62% in
women). In men, RTEBC consumption was associated
with a higher social class status (P = 0.001); for example, a
higher proportion of consumers (63%) compared with
non-consumers (46%) were from professional, manage-
rial, technical or non-manual households. The proportion
of consumers/non-consumers of RTEBCs was indepen-

dent of geographical location of inhabitancy.

The mean daily intake of RTEBCs among consumers
was 28.6g, and men (31.1g) consumed significantly
higher quantities (P < 0.01) than women (26.5g)
(Table 2). While the percentage of consumers of RTEBCs
was lower in 51—64-year-olds than in 18—50-year-olds, the

percentage of consumers of other breakfast cereals
(e.g. porridge) was higher in this age group (data not
shown). At the 95th percentile of mean daily intake

Table 2 Mean daily intake of RTEBC (consumers only) by sex

and age group

RTEBC intake (gday )

Percentile
Age %
(years) n Consumers Mean SD 5 50 95
All 18—-64 929 67.4 286 23 4.3 236 721
Men 18-64 437 66.0 311 25 43 257 7741
18-35 173 68.4 324 27 43 25.0 88.2
36-50 166 70.3 30.3 24 43 26.1 72.8
51-64 98 56.6 30.0 25 43 257 77.3
Women 18-64 492 68.6 265 21 43 214 659
18-35 189 70.3 245 19 4.3 20.0 63.0
36-50 204 71.3 26.4 21 43 229 65.8
51-64 99 61.1 30.3 25 4.3 236 91.0

RTEBC - ready-to-eat breakfast cereal; SD — standard deviation.
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(72.1g), RTEBC consumption was less than 2 average
portions among consumers, which indicates that RTEBCs
were not consumed in very large quantities by the vast
majority of adults.

The mean portion size of RTEBCs consumed per eating
occasion in consumers was 44.9 g and this was higher in
men (48.6g) than in women (41.7g). A number of
methods were used to quantify the intake of RTEBCs, and
the mean portion size varied depending on the method
used. The mean intake of RTEBCs per eating occasion
was 51.8 g (55.6 g in men and 48.7 g in women) using the
weighed method, 38.9g (41.2g in men and 36.1g in
women) using MAFF portion sizes, 38.3 g (44.4 g in men
and 31.1g in women) using weights from individually
portioned packets or from labelled typical portion size,
and 41.6g (45.2g in men and 39.6g in women) using
estimated portion size. The mean portion size was
therefore higher when the weighed method was used
(represented 58% of all RTEBC eating occasions
recorded), compared with other methods of quantifi-
cation, and this suggests that other methods of
quantification may underestimate RTEBC intake.

The mean frequency of RTEBC consumption among
consumers only, over the 7-day recording period, was 4.3
times in men and women. In women the mean frequency
of consumption increased from 4.1 in 18—35-year-olds to
4.5 in 51-64-year-olds, while in men the frequency of
consumption was similar across all age groups. During the
7 days of recording, 37% of RTEBC consumers
consumed an RTEBC on 6 or more eating occasions,
24% consumed an RTEBC on 4 to 5 eating occasions and
39% consumed an RTEBC on 1 to 3 eating occasions.

The impact of RTEBCs on macronutrient intakes
Table 3 shows the percentage contribution of RTEBCs to the
mean daily intake of macronutrients in men and women
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Table 3 Percentage contribution of RTEBCs to mean daily
intakes of macronutrients and dietary fibre (consumers only)

% Contribution

355
had a significantly higher mean daily intake of sugar as a
percentage of food energy and increased RTEBC
consumption was associated with increased sugar intake
in women, but not in men. Increased RTEBC consump-

Men (n = 437) (,,Wirﬂgg) tion was also associated with an increased starch intake
in men only.

Mean sb Mean sb Among RTEBC consumers there was a higher dietary

Total energy 4.2 3 5.2 4 fibre intake (per 10 M)) in men and women and a higher
?;?;?'gt gg ? ?g g NSP intake (per 10M]) in women only, compared with
Carbohydrate 7.5 5 8.7 6 non-consumers. Increased RTEBC consumption was
Total sugar 3.9 5 5.1 5 associated with increased dietary fibre and NSP intakes
gti:trg?y fibre 1gg g Hg 1:3 in both men and women (Table 3). RTEBC consumers
NSP 8.7 10 12.6 13 who consumed high-fibre RTEBCs only had a significantly

RTEBC - ready-to-eat breakfast cereal; SD — standard deviation; NSP —
non-starch polysaccharides.

who were RTEBC consumers. RTEBCs contributed 4.7%
of total energy intake and, relative to energy, contributed
greater proportions of dietary carbohydrate (8.1%),
starch (10.8%), dietary fibre (9.8%) and non-starch
polysaccharides (NSP) (10.8%) and smaller proportions
of protein (3.2%), total sugar (4.5%) and total fat
(1.1%) in men and women overall. The percentage
contribution of RTEBCs to macronutrient and fibre intakes
was similar across all age groups in men and women.
RTEBCs made a significantly higher (P < 0.01) contri-
bution to the diet of women than men for all
macronutrients and fibre.

When expressed as percentage of food energy, mean
daily intake of carbohydrate was significantly higher and
mean daily intake of total fat was significantly lower in
RTEBC consumers compared with non-consumers.
Increased RTEBC consumption was associated with an
increase in carbohydrate intake and a decrease in fat
intake in men and women (Table 4). RTEBC consumers

(P < 0.001) more fibre-dense diet than consumers of
low-fibre RTEBCs only or consumers of both high- and
low-fibre RTEBCs (data not shown).

Increased RTEBC consumption was associated with an
increase in the proportion of individuals meeting the
recommendations by the Committee on Medical Aspects
of Food Policy®® for 50% or more of food energy from
carbohydrate, 35% or less of food energy from fat and
18 g of NSP (Table 5). In relation to carbohydrate and
fat, the effect of RTEBC consumption was more
pronounced in women (e.g. achievement of the
carbohydrate and fat recommendations increased from
14% and 18%, respectively, in women who were
non-consumers to 43% and 55%, respectively, in high
consumers). In men the proportion of individuals with
NSP intakes of 18g or more increased from 28% in
non-RTEBC consumers to 60% in high consumers while
in women these proportions were 5% in non-consumers
and 35% in high consumers. Fifty-seven per cent of men
and 28% of women consumers of high-fibre RTEBCs had
NSP intakes of 18 g or more, compared with 26% of men
and 9% of women consumers of low-fibre RTEBCs (data
not shown).

Table 4 Mean daily intakes of macronutrients (as a percentage of food energy excluding ethanol) and fibre (per 10 MJ of food energy
excluding ethanol) in non-consumers and consumers of RTEBCs and the correlation coefficient (r) of macronutrient intake with consump-
tion of RTEBCs in consumers

Men Women Correlation coefficient
Non- Non-
consumers  Consumers consumers  Consumers Men Women
(n=225) (n=437) (n=225) (n=492) (n=437) (n=492)

Nutrient Mean SD Mean SD P-value Mean SD Mean SD P-value r P-value r P-value
Protein (% food energy) 17.0 3 16.6 3 0.097 16.2 3 16.2 3 0.933 —-0.160 0.001 -0.011 0.811
Fat (% food energy) 38.1 6 36.6 5 0.000 39.1 6 36.2 6 0.000 -0.159 0.001 -0.210 0.000
Carbohydrate 45.0 5 46.8 5 0.000 44.8 5 47.4 6 0.000 0.225 0.000 0.194 0.000
(% food energy)
Sugar (% food energy) 16.3 5 17.6 5 0.002 16.8 5 18.6 5 0.000 0.085 0.092 0.165 0.000
Starch (% food energy) 30.4 6 31.0 5 0.200 294 5 30.4 5 0.028 0.149 0.002 0.027 0.553
Dietary fibre (g/10 MJ)  23.2 7 24.4 7 0.007 23.7 6 26.9 8 0.000 0.207 0.000 0.207 0.000
NSP (g/10 MJ) 16.3 6 17.0 6 0.034 16.3 5 19.3 7 0.000 0.231 0.000 0.247 0.000

RTEBC - ready-to-eat breakfast cereal; SD — standard deviation; NSP — non-starch polysaccharides.
The t-test and the equivalent Mann—Whitney test (for non-parametric data) were used to compare means between RTEBC consumers and non-consumers.
Bivariate correlation analysis was used to measure the association between mean intake of macronutrients and RTEBC consumption in consumers only.
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Table 5 Percentage achieving dietary recommendations for macronutrients in consumers of RTEBCs, by tertile of consumption and in

non-consumers

% Achieving dietary recommendation

Men Women
Non Low Medium High Non Low Medium High
Consumption category* (n=225) (n=146) (n=147) (n=144) (n=225) (n=162) (n=170) (n=160)
Recommendationt
% Food energy from CHO = 50% 17 16 33 14 23 30 43
% Food energy from fat =35% 25 29 39 18 31 32 55
NSP = 18gday " 28 27 60 5 13 14 35

RTEBC - ready-to-eat breakfast cereal; CHO — carbohydrate; NSP — non-starch polysaccharides.

*Men: low consumers, =16.4gday~'; medium consumers, >16.4-35.7
medium consumers, >14.3-30.0gday ™ '; high consumers, >30.0gday .

+ Department of Health, 199153,

The impact of fortified RTEBCs on micronutrient

intakes

Of the 57 different RTEBCs that were recorded, 44 (77%)
were fortified to varying levels with between four and 10
micronutrients. The micronutrients (number of cereals
fortified) that were added to RTEBCs included: calcium
(one), iron (43), zinc (two), vitamin D (20), vitamin E
(five), thiamin (44), riboflavin (44), niacin (36), vitamin Bg
(37), vitamin By, (38), folic acid (36), biotin (one),

pantothenic acid (five) and vitamin C (eight).

Table 6 shows the percentage contribution of fortified
RTEBCs to the mean daily micronutrient intake (from all
sources) and the corresponding contribution of added
nutrients to mean daily micronutrient intake among

Table 6 Percentage contribution of fortified RTEBCs and contri-
bution of micronutrients added to RTEBCs to mean daily micronu-

trient intake (from all sources) in fortified RTEBC consumers

% Contribution

Men (n = 397) Women (n = 450)

Added Added

Fortified micro- Fortified micro-

RTEBCs nutrient RTEBCs nutrient
Nutrient Mean SD Mean SD Mean SD Mean SD
Calcium 09 2 02 16 15 3 05 21

Magnesium 45 5 0 0 70 7 O 0

Phosphorus 28 4 0 0 45 5 0 0
Iron 154 11 117 95 20.7 16 155 14.0

Copper 37 5 0 0 49 6 O 0
Zinc 29 4 0.1 1.1 52 6 04 3.0

Vitamin A 00 0 O 0 15 15 0 0
Vitamin D 59 13 59 13.0 129 19 129 19.0
Vitamin E 30 7 1.8 6.7 54 10 42 104
Thiamin 131 9 120 85 155 11 14.0 11.0
Riboflavin 154 10 143 94 175 12 159 107
Niacin 18.7 10 102 86 16.9 12 10.7 10.2
Vitamin Bg 108 9 102 95 149 13 142 126
Vitamin B> 40 4 40 45 62 6 6.2 65
Folate 16.3 13 14.0 124 189 15 158 13.9
Pantothenicacid 19 3 06 28 36 6 14 52
Biotin 23 4 00 00 38 6 00 00
Vitamin C 09 4 09 37 32 8 32 83

RTEBC - ready-to-eat breakfast cereal; SD — standard deviation.
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gday”; high consumers, >35.7 gday '. Women: low consumers, <14.3gday ";

consumers of fortified RTEBCs. Fortified RTEBCs
contributed 10% or more to the micronutrient intake of
fortified RTEBC consumers for the following nutrients:
iron (18.2%), thiamin (14.3%), riboflavin (16.5%), niacin
(15.4%), vitamin By (13.0%), total folate (17.7%) and
vitamin D (10.2%) in men and women overall. The
contribution of fortified RTEBCs to the mean daily intake
of micronutrients was significantly higher (P < 0.01) in
women than in men, except for calcium, and was similar
across the different age groups of men and women.
Micronutrients added to RTEBCs made an important
contribution to the mean daily intake of iron (13.7%),
thiamin (13.0%), riboflavin (15.2%), niacin (10.5%),
vitamin Bg (12.3%), folic acid (15.0%) and vitamin D
(10.2%) in the population, with a higher contribution to
intakes in women than men. All of the vitamin D and most
of the thiamin (86%), riboflavin (90%), vitamin Bg (89%),
vitamin By, (97%), niacin (63%), folic acid (75%), vitamin C
(73%) and iron (66%) in fortified RTEBCs were derived
from added micronutrients.

Among RTEBC consumers, a significant proportion of
the Population Reference Intake (PRD’* was obtained
from added micronutrients, particularly for iron (18.6%),
thiamin (29.7%), riboflavin (22.3%), niacin (17.9%),
vitamin Bg (30.7%), vitamin By, (14.5%) and total folate
(24.8%) in men and women (Table 7). The percentage
contribution of added nutrients to the PRI was significantly
higher (P < 0.01) in men than women for iron, and
significantly higher (P < 0.01) in women than men for
calcium, thiamin, vitamin Bg and vitamin C. There was a
significant increase (P < 0.001) in the percentage contri-
bution of added nutrients to the PRI with increased
consumption of fortified RTEBCs, except for calcium and
zinc in men and women and for vitamin C in men.

When compared with non-consumers, fortified RTEBC
consumers had significantly higher intakes (per 10 MJ) of
iron, thiamin, riboflavin and total folate in men and
women, calcium in men only, and phosphorus, niacin,
vitamin Bg, pantothenic acid, vitamin C and vitamin D in
women (Table 8). Increased fortified RTEBC consumption
was associated with an increased intake (per 10 M)) of iron,
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Table 7 Percentage of the PRI* obtained from micronutrients added to RTEBCs in fortified RTEBC consumers, by tertile of RTEBC
consumption in men and women

% of PRI
Men Women
Consumption Low Medium High Total Low Medium High Total
categoryt PRI (n=132) (n=133) (n=132) (n=397) (n=143) (n=155) (n=152) (n= 450)
Men Women Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Nutrient
Calcium 700 mg 700 mg o0 o 01 1 06 3 03 2 01 O 05 2 15 6 07 3
Iron 9mg 16mgt, 8mg§ 62 4 177 10 39.8 36 212 26 38 3 11.7 11 329 33 164 24
Zinc 9.5mg 7mg 00 0 03 3 00 O 01t 1 00 O 03 3 13 7 06 5
Thiamin 100 pg/MJ 100 pg/MJ 85 5 246 13 434 23 255 21 103 6 288 18 59.8 37 334 32
Riboflavin 1.6 mg 1.3mg 62 3 174 5 407 17 214 18 6.8 3 189 7 425 23 23.0 20
Niacin 1.6mg/MJ 1.6mg/MJ 58 4 165 10 276 18 166 15 6.7 5 16.8 15 33.1 28 19.1 22
Vitamin Bs 15 ng/g protein 15pg/gprotein 82 6 246 16 40.7 34 245 26 106 8 289 22 67.6 45 36.1 38
Vitamin By 1.4 19 1.4p9 43 3 117 7 254 24 138 17 39 3 109 8 30.0 21 151 17
Folate 200 ng 200 ng 82 6 243 14 481 43 269 31 71 5 16.8 12 443 31 23.0 25
Vitamin C  45mg 45mg 07 3 22 8 45 16 24 11 1.7 4 43 10 139 29 6.7 19

PRI — Population Reference Intake; RTEBC — ready-to-eat breakfast cereal; SD — standard deviation.

*Reports of the Scientific Committee for Food, 1993%.

tMen: low consumers, = 16.4gday '; medium consumers, > 16.4-35.7gday '; high consumers, > 35.7gday '. Women: low consumers,
= 14.3gday'; medium consumers, > 14.3—30-0gday'; high consumers, > 30-0gday ™ ".

1 PRI to cover 90% of women.

§ PRI to cover postmenopausal women.

thiamin, riboflavin, vitamin B, and total folate in men and implausibly low energy intakes (EI/BMR < 1.05%%) was
women and of calcium, vitamin D, niacin and vitamin By, 20% of the total sample and this percentage was higher in
in women. These trends remained the same when the non-consumers (20% in men and 29% in women) than in
contribution of nutritional supplements was excluded consumers of RTEBC (13% in men, 22% in women).
(data not shown). However, chi-square analysis showed that EI/BMR <1.05

Consumption of RTEBCs was associated with a lower or >1.05 was independent of consumption (or non-
prevalence of inadequate intake of a number of nutrients, consumption) of RTEBCs in men and women. In women,
particularly of calcium, copper, zinc, riboflavin and vitamin the mean EI/BMR was higher (P < 0.01) in RTEBC
C in men and women and iron and total folate in women consumers (1.25) than in non-consumers (1.34). When
(Table 9). As fortified RTEBC consumption increased from EI/BMR was correlated with the level of RTEBC consump-
non-consumption to high consumption there was a tion, a positive association was observed between
reduction in the prevalence of inadequate intake of increasing EI/BMR and increasing RTEBC consumption,
calcium, iron, zinc, riboflavin, total folate and vitamin C. in men (r = 0.268, P < 0.01) and in women (r = 0.118,

Table 10 shows the effect of micronutrient addition to P < 0.001). Removal of ‘underreporters’ from the analysis
RTEBC on the prevalence of inadequacy of micronutrient did not affect the trends observed in the association of
intakes, expressed as a percentage with intakes below the RTEBC consumption with intake or adequacy of micro-
AR in fortified RTEBC consumers. In consumers, the nutrients, intakes of macronutrients and fibre, or
added nutrients reduced the proportion of individuals compliance with dietary recommendations.
with inadequate intakes of riboflavin in men and women
and of iron and total folate in women.

No fortified RTEBC consumers had micronutrient
intakes exceeding the UL for any micronutrient, except
for retinol (2.0% of individuals exceeded the UL of
3000 pg”)), iron (1.9% exceeded the UL of 45mg>’) and
vitamin By (1.2% exceeded the UL of 25 mg®). Retinol was
not added to RTEBCs and the proportion exceeding the UL
for iron and vitamin Bg remained unchanged when the
contribution of the added micronutrients was excluded
from the intake estimate (data not shown).

Discussion

The current paper evaluated the consumption of RTEBCs
with regard to the nutrient quality of the diet, compliance
with recommendations for macronutrients and fibre, and
adequacy of intake of micronutrients. The results indicate
that, despite being consumed in relatively small quantities,
RTEBCs were associated with a replacement of food
energy from fat with food energy from carbohydrate and a
more fibre-dense diet. This in turn was associated with
greater compliance with dietary recommendations for fat,
The effect of underreporting carbohydrate and fibre among consumers, which is in line
The potential impact of underreporting of food consump- with key targets for health promotion. Fortified RTEBCs
tion was examined. The proportion of individuals with have a high nutritive value and made an important
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Table 10 The effect of micronutrient addition to RTEBCs on the prevalence of inadequacy of
micronutrient intake (expressed as % with intake <AR*) in fortified RTEBC consumers

% With inadequate intake

Men (n= 397) Women (n = 450)
% of fortified RTEBCs

Nutrient fortified with nutrient Not added Added Not added Added
Calcium 2 8 7 17 17
Iron 98 5 1 50 30
Zinc 5 13 13 12 12
Riboflavin 100 15 7 24 10
Folate 82 4 1 12 3
Vitamin C 18 7 7 6 5

RTEBC - ready-to-eat breakfast cereal; AR — Average Requirement.

*Report of the Scientific Committee for Food, 1993%*.

contribution to vitamin and mineral intakes in the diets of
consumers. In addition, consumption was associated with
lower levels of inadequacy of micronutrient intakes. The
benefits for micronutrients were largely due to the
fortification of RTEBCs. RTEBC consumption appears to
be an important indicator of a diet that is a more fibre- and
micronutrient-dense and more balanced in terms of
macronutrients. The consumption of RTEBCs was also
associated with a higher level of educational attainment in
men and women and with a higher social class status in
men, which indicates that those who receive less
education or have a lower social class status are less likely
to consume RTEBCs.

Although RTEBCs were consumed in relatively small
quantities (an average of 28.6 gday™ ") and provided only
4.7% of the total daily energy intake among consumers,
relative to energy they made a higher contribution to the
mean daily intake of carbohydrate (8.1%), starch (10.8%)
and NSP (10.8%) and a lower contribution to sugar (4.5%)
and total fat (1.1%). On average the amount of sugar
added to food at a breakfast that contained an RTEBC was
slightly higher (0.7g) than at a breakfast that did not
contain an RTEBC. Previous analysis of these survey data
has shown that the percentage of Irish adults who did not
meet the dietary recommendations® for fat (66%) and
carbohydrate (75%) was high®. This study shows that
RTEBC consumption was associated with lower food
energy from fat and higher food energy from carbohydrate
and increased consumption of RTEBC was associated with
a higher proportion of individuals achieving the dietary
recommendations for fat and carbohydrate. For example,
in women who were high consumers of RTEBCs, the
proportion achieving 35% or less of food energy from fat
was 55%, compared with 18% in low consumers, while the
proportion with intakes of 50% or more of food energy
from carbohydrate was 43%, compared with 14% in low
consumers.

Other studies have demonstrated an association between
increased breakfast cereal consumption and replacement
of energy from fat with energy from carbohydrate'*!*17:>,
Intervention studies involving the daily consumption of
breakfast cereals have reported a 5—-6% (unit percentage)
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decrease in food energy from fat with a corresponding
5-6% increase in energy from carbohydrate among
college students® and Finnish adults®’, and a 2.5%
reduction in energy from saturated fat*’. The lower fat
intake associated with breakfast cereal consumption may
explain the association of breakfast cereal consumption
with reduced serum cholesterol levels in adults®’.

Previous analysis of the North/South Ireland Food
Consumption data® showed that a high proportion (77%)
of this adult population had mean daily intake below the
recommended intake of 18g of NSP®. The current
analysis has shown that RTEBC consumption was
associated with a higher likelihood of achieving the
recommendation for NSP. For example, the proportion
with NSP intake of 18 g or more was substantially higher
in high consumers than in non-consumers of RTEBCs
(60% vs. 28% in men and 35% vs. 5% in women). While
this is partly due to the increased energy intake that is
associated with higher RTEBC consumption, the fibre
density of the diet also increased with increased RTEBC
consumption. The consumption of high-fibre RTEBC was
associated with a more fibre-dense diet compared with
the consumption of low-fibre RTEBC or a mixture of low-
and high-fibre RTEBCs. Emmett et al®* showed that
British adults who consumed higher amounts of NSP
from breakfast cereals were more likely to meet the
recommended target of 18 g of NSP. Other studies have
also demonstrated a higher fibre intake among breakfast
cereal consumers'>!*17,

The overall improved balance of fat and carbohydrate
and the higher intake of fibre that is associated with
RTEBC consumption may partly be explained by the
dietary contribution of the RTEBCs consumed. RTEBCs are
generally high in carbohydrate, low in fat and can be high
in fibre. However, it may also be influenced by
displacement of other foods or by different food choices
made by RTEBC consumers in the overall diet.

Impact of fortified RTEBCs on vitamin and mineral
intakes

Despite the relatively small quantity consumed, fortified
RTEBCs made an important contribution to the intakes of
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micronutrients. This contribution was most significant
(15-18%) for iron, riboflavin, niacin and total folate, to a
lesser extent (10-14%) for thiamin, vitamin Bg and
vitamin D, with the majority of the contribution attribut-
able to added micronutrients. Added micronutrients also
made an important contribution to the PRI (14—31%) for a
number of nutrients (i.e. iron, thiamin, riboflavin, niacin,
vitamin Bg, vitamin B, and total folate), and this
contribution ranged from 25 to 68% among high
consumers of RTEBCs for certain nutrients (e.g. iron,
thiamin, riboflavin, niacin, vitamin Bg, vitamin B, and
total folate). Other studies have also shown that RTEBCs
made an important contribution to the daily intakes of
selected fortified vitamins and minerals'®*'>. A previous
Irish survey” showed that breakfast cereals (all types)
provided 16% of vitamin Bg, 17% of total folate, 23% of
vitamin D and 14% of iron from food sources in children
and adults. Subar et al'® showed that RTEBCs were
among the top 10 food sources for 15 of 18 micronutrients
examined in US adults and this was primarily due to the
fortification of these cereals.

Increased consumption of fortified RTEBCs was
associated with a lower prevalence of inadequate intake
of calcium, copper, zing, riboflavin and vitamin C in both
men and women and of iron and total folate in women.
For some micronutrients this is at least partly related to
the addition of micronutrients to RTEBCs (e.g. riboflavin in
men and women, and iron and folate in women). For
other nutrients (e.g. calcium, copper, zinc and vitamin C),
this is due to increased intakes from other foods as these
nutrients are either not added to RTEBCs or added to only
few products. In the case of calcium, the higher intakes
and the lower prevalence of inadequacy of calcium
intakes associated with increased RTEBC consumption
appear largely to be due to the addition of milk to cereals,
as it has been estimated that, on average, an additional 98 g
of milk was consumed at a breakfast that contained an
RTEBC compared with a breakfast that did not®®. Previous
studies have demonstrated the positive impact of fortified
breakfast cereals on micronutrient intakes in the diet of
adults® and children®*?°. Furthermore, some studies have
shown that RTEBC consumers had a higher status for
thiamin, riboflavin, folate and B-carotene compared with
non-consumers of RTEBCs'®. Consumption of RTEBCs
fortified with folic acid is associated with higher serum
folate concentrations®” and lower serum homocysteine
concentrations®>®.

Among RTEBC consumers, the UL was not exceeded
for any fortified micronutrient except iron (1.9% of
subjects) and vitamin Bg (1.2% of subjects). Intake in
excess of the UL for iron and vitamin Bg was not
associated with the addition of these micronutrients to
RTEBCs since the proportion of individuals with intakes
exceeding the UL for these micronutrients remained
unchanged when the added micronutrients were
excluded from the intake estimate. Kiely et al.”® have
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shown that all of the individuals in this study

population who exceeded the UL for iron and vitamin
Bg were consumers of nutritional supplements.

Conclusion

Despite being consumed in small quantities, RTEBC
consumption was associated with greater compliance
with dietary recommendations for fat, carbohydrate and
fibre, which is in line with the key targets for health
promotion. The consumption of RTEBCs is also associated
with a more micronutrient-dense diet and a reduced risk
of dietary inadequacy of calcium, iron, riboflavin and
folate, particularly in women. Fortified RTEBC consump-
tion was not associated with increased risk of excess for
any micronutrient. Further research is needed to
determine the extent to which the benefits of consuming
RTEBCs are due to the nutritional contribution of the
breakfast cereal and the milk consumed with it or the
association of RTEBC consumption with healthier food
choices in the overall diet.
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