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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 (n ¼ 1379; 662 men, 717 women).
Results: Despite the small quantity consumed (mean 28.6 g day21 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 B6

(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 consumption is associated with a more desirable

nutrient intake in adults1–5, adolescents and children6–9.

In addition, nutrients omitted with breakfast are often not

compensated for by other meals during the course of the

day3,4,10,11. In a review of breakfast, Ruxton and Kirk1 have

suggested that the more desirable nutrient intake

associated with breakfast consumption is due to the

inclusion of ready-to-eat breakfast cereals (RTEBCs).

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,

particularly those that have been fortified. Breakfast

cereals contribute significantly to the intakes of vitamins

and minerals in adults12–14 and many studies have shown

that the consumption of breakfast cereals is associated

with higher micronutrient intakes in adults5,15–17, adoles-

cents and children7–9,18–21. Much of the micronutrient

intake from breakfast cereals can be attributed to the

fortification of breakfast cereals, both in adults13,22,23 and

adolescents and children22,24,25. The consumption of

breakfast cereals is also associated with increased milk

consumption26, which contributes to increased intakes of

calcium1,14 and vitamin A1.

Breakfast cereals are widely consumed, particularly in

Ireland16, and a number of studies have shown an

association between breakfast cereal consumption and

replacement of food energy from fat with food energy

from carbohydrate in adults12,14,15,17, adolescents and

children7,10,18,20,24,25. Intervention studies in which break-

fast cereals were introduced to the diet of adults led to a

reduced intake of fat and an increased intake of

carbohydrate27,28. The consumption of breakfast cereals

has also been shown to be associated with lower

serum cholesterol levels in adults29 and children25,30.
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Some studies have shown that breakfast cereal consump-

tion is associated with an increased fibre intake in both

adults12,14 and adolescents24. The consumption of break-

fast cereals with higher fibre content has also been

associated with an increased intake of fibre20,31,32.

A food consumption survey in the Republic of Ireland,

carried out between 1987 and 198833, showed that

breakfast cereal made a significant contribution to the

intakes of micronutrients, particularly in population

groups where inadequate intakes of some micronutrients

were prevalent31. New data on food consumption in

18–64-year-old adults is available from the North/South

Ireland Food Consumption Survey, which was conducted

between 1997 and 199934.

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 Alliance34.

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 population35. A more detailed account of

the sampling procedure used in the NSIFCS is available

elsewhere35.

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 elsewhere36. 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

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 commonly

(e.g. RTEBC, home-made bread).

2. A photographic food atlas developed for the survey,

which contained 60 photographs of foods consumed

commonly in Ireland37.

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)38.

6. Household measures.

7. The researcher estimated portion sizes based on the

respondent’s eating patterns.

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

adults38, 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 WISPq (Tinuviel

Software, Warrington, UK). WISPq uses data from

McCance & Widdowson’s The Composition of Foods, fifth

edition39 plus supplemental volumes40–48 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 elsewhere36. 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 sold49.

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-

quacy50. 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

group51. 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

consumption50. O’Brien et al.52 and Hannon et al.53

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

mean54. 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 distributed52,53.

Bingham et al.55 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

survey56. 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

(3000mg day21)57, vitamin D (50mg day21)58, vitamin E

(1000 mg day21)59, vitamin B6 (25mg day21)60, folic acid

(1000mg day21)61, vitamin C (2000 mg day21)59, calcium

(2500 mg day21)58, phosphorus (4000 mg day21)58, iron

(45 mg day21)57, copper (10 mg day21)57 and zinc

(40 mg day21)
57

.

Data were analysed using SPSSw Version 10.0 for

Windowse (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 (EI) to basal metabolic rate (BMR) of less than

1.0562. 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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attainment (men P ¼ 0:004; women P ¼ 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 ðP ¼ 0:001Þ; 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 28.6 g, and men (31.1 g) consumed significantly

higher quantities ðP , 0:01Þ than women (26.5 g)

(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

(72.1 g), 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 (48.6 g) than in women (41.7 g). 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, 38.9 g (41.2 g in men and 36.1 g in

women) using MAFF portion sizes, 38.3 g (44.4 g in men

and 31.1 g in women) using weights from individually

portioned packets or from labelled typical portion size,

and 41.6 g (45.2 g in men and 39.6 g 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 thepercentage contributionofRTEBCs to the

mean daily intake of macronutrients in men and women

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

Age
(years) n

%
Consumers

RTEBC intake (g day21)

Percentile

Mean SD 5 50 95

All 18–64 929 67.4 28.6 23 4.3 23.6 72.1
Men 18–64 437 66.0 31.1 25 4.3 25.7 77.1

18–35 173 68.4 32.4 27 4.3 25.0 88.2
36–50 166 70.3 30.3 24 4.3 26.1 72.8
51–64 98 56.6 30.0 25 4.3 25.7 77.3

Women 18–64 492 68.6 26.5 21 4.3 21.4 65.9
18–35 189 70.3 24.5 19 4.3 20.0 63.0
36–50 204 71.3 26.4 21 4.3 22.9 65.8
51–64 99 61.1 30.3 25 4.3 23.6 91.0

RTEBC – ready-to-eat breakfast cereal; SD – standard deviation.

Table 1 Sociodemographic characteristics of RTEBC consumers and non-consumers for men and women separately

Men Women

Non-consumers
(n ¼ 225)

Consumers
(n ¼ 437)

Non-consumers
(n ¼ 225)

Consumers
(n ¼ 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 class†
Managerial,
professional & technical

0.001 74 34.9 194 46.9 0.054 78 37.5 225 48.2

Non-manual skilled 24 11.3 67 16.2 56 26.9 106 22.7
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.
† Central Statistics Office, Ireland.
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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 ðP , 0:01Þ 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

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-

tion was also associated with an increased starch intake

in men only.

Among RTEBC consumers there was a higher dietary

fibre intake (per 10 MJ) in men and women and a higher

NSP intake (per 10 MJ) in women only, compared with

non-consumers. Increased RTEBC consumption was

associated with increased dietary fibre and NSP intakes

in both men and women (Table 3). RTEBC consumers

who consumed high-fibre RTEBCs only had a significantly

ðP , 0:001Þ 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 Policy63 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 18 g 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 3 Percentage contribution of RTEBCs to mean daily
intakes of macronutrients and dietary fibre (consumers only)

% Contribution

Men (n ¼ 437)
Women

(n ¼ 492)

Mean SD Mean SD

Total energy 4.2 3 5.2 4
Protein 2.8 2 3.6 3
Total fat 0.9 1 1.2 2
Carbohydrate 7.5 5 8.7 6
Total sugar 3.9 5 5.1 5
Starch 10.0 7 11.5 8
Dietary fibre 8.3 8 11.2 11
NSP 8.7 10 12.6 13

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

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-
consumers
(n ¼ 225)

Consumers
(n ¼ 437)

Non-
consumers
(n ¼ 225)

Consumers
(n ¼ 492)

Men
(n ¼ 437)

Women
(n ¼ 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 20.160 0.001 20.011 0.811
Fat (% food energy) 38.1 6 36.6 5 0.000 39.1 6 36.2 6 0.000 20.159 0.001 20.210 0.000
Carbohydrate
(% food energy)

45.0 5 46.8 5 0.000 44.8 5 47.4 6 0.000 0.225 0.000 0.194 0.000

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 29.4 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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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 B6

(37), vitamin B12 (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

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 B6 (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 ðP , 0:01Þ 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 B6 (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 B6 (89%),

vitamin B12 (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 (PRI)54 was obtained

from added micronutrients, particularly for iron (18.6%),

thiamin (29.7%), riboflavin (22.3%), niacin (17.9%),

vitamin B6 (30.7%), vitamin B12 (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 ðP , 0:01Þ in men than women for iron, and

significantly higher ðP , 0:01Þ in women than men for

calcium, thiamin, vitamin B6 and vitamin C. There was a

significant increase ðP , 0:001Þ 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 B6, pantothenic acid, vitamin C and vitamin D in

women (Table 8). Increased fortified RTEBC consumption

was associated with an increased intake (per 10 MJ) of iron,

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 ¼ 225) (n ¼ 146) (n ¼ 147) (n ¼ 144) (n ¼ 225) (n ¼ 162) (n ¼ 170) (n ¼ 160)

Recommendation†
% Food energy from CHO $ 50% 17 16 29 33 14 23 30 43
% Food energy from fat #35% 25 29 37 39 18 31 32 55
NSP $ 18 g day21 28 27 33 60 5 13 14 35

RTEBC – ready-to-eat breakfast cereal; CHO – carbohydrate; NSP – non-starch polysaccharides.
* Men: low consumers, #16.4 g day21; medium consumers, .16.4–35.7 g day21; high consumers, .35.7 g day21. Women: low consumers, #14.3 g day21;
medium consumers, .14.3–30.0 g day21; high consumers, .30.0 g day21.
† Department of Health, 199163.

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 ¼ 397) Women (n ¼ 450)

Fortified
RTEBCs

Added
micro-
nutrient

Fortified
RTEBCs

Added
micro-
nutrient

Nutrient Mean SD Mean SD Mean SD Mean SD

Calcium 0.9 2 0.2 1.6 1.5 3 0.5 2.1
Magnesium 4.5 5 0 0 7.0 7 0 0
Phosphorus 2.8 4 0 0 4.5 5 0 0
Iron 15.4 11 11.7 9.5 20.7 16 15.5 14.0
Copper 3.7 5 0 0 4.9 6 0 0
Zinc 2.9 4 0.1 1.1 5.2 6 0.4 3.0
Vitamin A 0.0 0 0 0 1.5 15 0 0
Vitamin D 5.9 13 5.9 13.0 12.9 19 12.9 19.0
Vitamin E 3.0 7 1.8 6.7 5.4 10 4.2 10.4
Thiamin 13.1 9 12.0 8.5 15.5 11 14.0 11.0
Riboflavin 15.4 10 14.3 9.4 17.5 12 15.9 10.7
Niacin 13.7 10 10.2 8.6 16.9 12 10.7 10.2
Vitamin B6 10.8 9 10.2 9.5 14.9 13 14.2 12.6
Vitamin B12 4.0 4 4.0 4.5 6.2 6 6.2 6.5
Folate 16.3 13 14.0 12.4 18.9 15 15.8 13.9
Pantothenic acid 1.9 3 0.6 2.8 3.6 6 1.4 5.2
Biotin 2.3 4 0.0 0.0 3.8 6 0.0 0.0
Vitamin C 0.9 4 0.9 3.7 3.2 8 3.2 8.3

RTEBC – ready-to-eat breakfast cereal; SD – standard deviation.
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thiamin, riboflavin, vitamin B6 and total folate in men and

women and of calcium, vitamin D, niacin and vitamin B12

in women. These trends remained the same when the

contribution of nutritional supplements was excluded

(data not shown).

Consumption of RTEBCs was associated with a lower

prevalence of inadequate intake of a number of nutrients,

particularly of calcium, copper, zinc, riboflavin and vitamin

C in men and women and iron and total folate in women

(Table 9). As fortified RTEBC consumption increased from

non-consumption to high consumption there was a

reduction in the prevalence of inadequate intake of

calcium, iron, zinc, riboflavin, total folate and vitamin C.

Table 10 shows the effect of micronutrient addition to

RTEBC on the prevalence of inadequacy of micronutrient

intakes, expressed as a percentage with intakes below the

AR54, in fortified RTEBC consumers. In consumers, the

added nutrients reduced the proportion of individuals

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

3000mg57), iron (1.9% exceeded the UL of 45 mg57) and

vitamin B6 (1.2% exceeded the UL of 25 mg60). Retinol was

not added to RTEBCs and the proportion exceeding the UL

for iron and vitamin B6 remained unchanged when the

contribution of the added micronutrients was excluded

from the intake estimate (data not shown).

The effect of underreporting

The potential impact of underreporting of food consump-

tion was examined. The proportion of individuals with

implausibly low energy intakes (EI=BMR , 1:0562) was

20% of the total sample and this percentage was higher in

non-consumers (20% in men and 29% in women) than in

consumers of RTEBC (13% in men, 22% in women).

However, chi-square analysis showed that EI/BMR ,1.05

or .1.05 was independent of consumption (or non-

consumption) of RTEBCs in men and women. In women,

the mean EI/BMR was higher ðP , 0:01Þ in RTEBC

consumers (1.25) than in non-consumers (1.34). When

EI/BMR was correlated with the level of RTEBC consump-

tion, a positive association was observed between

increasing EI/BMR and increasing RTEBC consumption,

in men ðr ¼ 0:268; P , 0:01Þ and in women ðr ¼ 0:118;

P , 0:001Þ: Removal of ‘underreporters’ from the analysis

did not affect the trends observed in the association of

RTEBC consumption with intake or adequacy of micro-

nutrients, intakes of macronutrients and fibre, or

compliance with dietary recommendations.

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,

carbohydrate and fibre among consumers, which is in line

with key targets for health promotion. Fortified RTEBCs

have a high nutritive value and made an important

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
category† PRI

Low
(n ¼ 132)

Medium
(n ¼ 133)

High
(n ¼ 132)

Total
(n ¼ 397)

Low
(n ¼ 143)

Medium
(n ¼ 155)

High
(n ¼ 152)

Total
(n ¼ 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 0.0 0 0.1 1 0.6 3 0.3 2 0.1 0 0.5 2 1.5 6 0.7 3
Iron 9 mg 16 mg‡, 8 mg§ 6.2 4 17.7 10 39.8 36 21.2 26 3.8 3 11.7 11 32.9 33 16.4 24
Zinc 9.5 mg 7 mg 0.0 0 0.3 3 0.0 0 0.1 1 0.0 0 0.3 3 1.3 7 0.6 5
Thiamin 100mg/MJ 100mg/MJ 8.5 5 24.6 13 43.4 23 25.5 21 10.3 6 28.8 18 59.8 37 33.4 32
Riboflavin 1.6 mg 1.3 mg 6.2 3 17.4 5 40.7 17 21.4 18 6.8 3 18.9 7 42.5 23 23.0 20
Niacin 1.6 mg/MJ 1.6 mg/MJ 5.8 4 16.5 10 27.6 18 16.6 15 6.7 5 16.8 15 33.1 28 19.1 22
Vitamin B6 15mg/g protein 15mg/g protein 8.2 6 24.6 16 40.7 34 24.5 26 10.6 8 28.9 22 67.6 45 36.1 38
Vitamin B12 1.4mg 1.4mg 4.3 3 11.7 7 25.4 24 13.8 17 3.9 3 10.9 8 30.0 21 15.1 17
Folate 200mg 200mg 8.2 6 24.3 14 48.1 43 26.9 31 7.1 5 16.8 12 44.3 31 23.0 25
Vitamin C 45 mg 45 mg 0.7 3 2.2 8 4.5 16 2.4 11 1.7 4 4.3 10 13.9 29 6.7 19

PRI – Population Reference Intake; RTEBC – ready-to-eat breakfast cereal; SD – standard deviation.
* Reports of the Scientific Committee for Food, 199354.
† Men: low consumers, # 16·4 g day21; medium consumers, . 16·4–35·7 g day21; high consumers, . 35·7 g day21. Women: low consumers,
# 14·3 g day21; medium consumers, . 14·3–30·0 g day21; high consumers, . 30·0 g day21.
‡ PRI to cover 90% of women.
§ PRI to cover postmenopausal women.
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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 g day21) 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 (0.7 g) 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 recommendations63 for fat (66%) and

carbohydrate (75%) was high64. 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 havedemonstrated anassociationbetween

increased breakfast cereal consumption and replacement

of energy from fat with energy from carbohydrate12,14,17,25.

Intervention studies involving the daily consumption of

breakfast cereals have reported a 5–6% (unit percentage)

decrease in food energy from fat with a corresponding

5–6% increase in energy from carbohydrate among

college students28 and Finnish adults27, and a 2.5%

reduction in energy from saturated fat27. The lower fat

intake associated with breakfast cereal consumption may

explain the association of breakfast cereal consumption

with reduced serum cholesterol levels in adults27.

Previous analysis of the North/South Ireland Food

Consumption data65 showed that a high proportion (77%)

of this adult population had mean daily intake below the

recommended intake of 18 g of NSP63. 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.32 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 consumers12,14,17.

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

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

% of fortified RTEBCs
Men (n ¼ 397) Women (n ¼ 450)

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, 199354.
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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 B6 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 B6, vitamin B12 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 B6, vitamin B12 and

total folate). Other studies have also shown that RTEBCs

made an important contribution to the daily intakes of

selected fortified vitamins and minerals12,15. A previous

Irish survey33 showed that breakfast cereals (all types)

provided 16% of vitamin B6, 17% of total folate, 23% of

vitamin D and 14% of iron from food sources in children

and adults. Subar et al.13 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, zinc, 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 not66. Previous

studies have demonstrated the positive impact of fortified

breakfast cereals on micronutrient intakes in the diet of

adults3 and children24,25. Furthermore, some studies have

shown that RTEBC consumers had a higher status for

thiamin, riboflavin, folate and b-carotene compared with

non-consumers of RTEBCs15. Consumption of RTEBCs

fortified with folic acid is associated with higher serum

folate concentrations67 and lower serum homocysteine

concentrations68,69.

Among RTEBC consumers, the UL was not exceeded

for any fortified micronutrient except iron (1.9% of

subjects) and vitamin B6 (1.2% of subjects). Intake in

excess of the UL for iron and vitamin B6 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.70 have

shown that all of the individuals in this study

population who exceeded the UL for iron and vitamin

B6 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.

Acknowledgements

This work was supported by funding made available by

the Irish Government under the National Development

Plan 2000–2006 and by Kelloggs Company.

References

1 Ruxton CHS, Kirk TR. Breakfast: a review of associations
with measures of dietary intake, physiology and biochem-
istry. Br. J. Nutr. 1997; 78: 199–213.

2 Hammond GK, Chapman GE. The nutritional role of
breakfast in the diets of college students. J. Can. Diet.
Assoc. 1994; 55(2): 69–74.

3 McNulty H, Eaton-Evans J, Woulahan G, Strain JJ. The
contribution of breakfast to daily micronutrient intakes of
adults in Great Britain. Proc. Nutr. Soc. 1994; 53: 251A.

4 Chao ESM, Vanderkooy PS. An overview of breakfast
nutrition. J. Can. Diet. Assoc. 1989; 50: 225–8.

5 Morgan KJ, Zabik ME, Stampley GL. The role of breakfast in
diet adequacy of the US adult population. J. Am. Coll. Nutr.
1986; 5: 551–63.

6 Nicklas TA, O’Neil CE, Berenson GS. Nutrient contribution of
breakfast, secular trends, and the role of ready-to-eat cereals:
a review of data from the Bogalusa Heart Study. Am. J. Clin.
Nutr. 1998; 67(Suppl.): 757S–63S.

7 Ruxton CHS, O’Sullivan KR, Kirk TR, Belton NR, Holmes
MAM. The contribution of breakfast to the diets of a sample
of 136 primary-schoolchildren in Edinburgh. Br. J. Nutr.
1996; 75(3): 419–31.

8 Morgan KJ, Zabik ME, Stampley GL. Breakfast consumption
patterns of US children and adolescents. Nutr. Res. 1986; 6:
635–46.

9 Morgan KJ, Zabik ME, Leville GA. The role of breakfast in
nutrient intake of 5 to 12 year-old-children. Am. J. Clin. Nutr.
1981; 34: 1418–27.

10 Nicklas TA, Bao W, Webber LS, Berenson GS. Breakfast
consumption affects adequacy of total daily intake in
children. J. Am. Diet. Assoc. 1993; 93: 886–91.

Ready-to-eat breakfast cereal consumption in Irish adults 361

https://doi.org/10.1079/PHN2002441 Published online by Cambridge University Press

https://doi.org/10.1079/PHN2002441


11 Zabik ME. Impact of ready-to-eat cereal consumption on
nutrient intake. Cereal Foods World 1987; 32(3): 234–9.

12 Bertais S, Luque MLP, Preziosi P, Fieux B, Torra de Flot M,
Galan P, et al. Contribution of ready-to-eat cereals to
nutrition intakes in French adults and relations with
corpulence. Ann. Nutr. Metab. 2000; 44: 249–55.

13 Subar AF, Krebs-Smith SM, Cook A, Kahle LL. Dietary sources
of nutrients among US adults, 1989 to 1991. J. Am Diet. Assoc.
1998; 98: 537–47.

14 Syrette JA, Baghurst KI, Record SJ. Breakfast cereals –
patterns of consumption and nutritional value of regular
usage. Food Aust. 1990; 42(12): 568–73.

15 Presiosi P, Galan P, Deheeger M, Yacoub N, Drewnowski A,
Hercberg S. Breakfast type, daily nutrient intakes and
vitamin and mineral status of French children, adolescents
and adults. J. Am. Coll. Nutr. 1999; 18(2): 171–8.

16 Sommerville J, O’Reagan M. The contribution of breakfast to
micronutrient adequacy of the Irish diet. J. Hum. Nutr. Diet.
1993; 6: 223–8.

17 Morgan KJ, Zabik ME. The influence of ready-to-eat cereal
consumption at breakfast on nutrient intakes of individuals
62 years and older. J. Am. Coll. Nutr. 1984; 3: 27–44.

18 Gibson SA, O’Sullivan KR. Breakfast cereal consumption
patterns and nutrient intakes of British schoolchildren.
J. Roy. Soc. Health 1995; 115: 366–70.

19 Nicklas TA, Meyers L, Berenson GS. Total nutrient intake and
ready-to-eat cereal consumption of children and young
adults in the Bogalusa Heart Study. Nutr. Rev. 1995; 53(9):
S39–45.

20 Crawley HF. The role of breakfast cereals in the diets of
16–17-year-old teenagers in Britain. J. Hum. Nutr. Diet.
1993; 6: 205–16.

21 Albertson AM, Tobelmann RC. Impact of ready-to-eat cereal
consumption on the diets of children 7–12 years old. Cereal
Foods World 1993; 38: 428–34.

22 McNulty H. Towards improving dietary intakes and health:
the contribution of fortified foods. Scand. J. Nutr. 1999;
43(Suppl. 35): 106S–11S.

23 McNulty H, Eaton-Evans J, Woulahan G, Strain JJ. The effect
of fortification on daily micronutrient intakes of breakfast
cereal consumers in Great Britain. Proc. Nutr. Soc. 1994; 53:
143A.

24 McNulty H, Eaton-Evans J, Cran G, Woulahan G, Boreham C,
Savage JM, et al. Nutrient intakes and impact of fortified
breakfast cereals in schoolchildren. Arch. Dis. Child. 1996;
75: 474–81.

25 Ortega RM, Requejo AM, Redondo R, Lopez-Sobaler AM,
Andres P, Ortega A, et al. Influence of the intake of fortified
breakfast cereals on dietary habits and nutritional status of
Spanish schoolchildren. Ann. Nutr. Metab. 1996; 40: 146–56.

26 Siega-Riz AM, Popkin BM, Carson T. Differences in food
patterns at breakfast by sociodemographic characteristics
among a nationally representative sample of adults in the
United States. Prev. Med. 2000; 30: 415–24.

27 Kleemola P, Puska P, Vartiainen E, Roos E, Luoto R,
Ehnholm C. The effect of breakfast cereal on diet and serum
cholesterol: a randomized trial in North Karelia. Finland.
Eur. J Clin. Nutr. 1999; 53: 716–21.

28 Kirk TR, Burkhills S, Cursiter M. Dietary fat reduction
achieved by increasing consumption of a starchy food
– an intervention study. Eur. J. Clin. Nutr. 1997; 51: 455–61.

29 Stanton JL, Keast DR. Serum cholesterol, fat intake, and
breakfast consumption in the United States adult population.
J. Am. Coll. Nutr. 1989; 8: 226–9.

30 Resincow K. The relationship between breakfast habits and
plasma cholesterol levels in schoolchildren. J. School Health
1991; 61(2): 81–5.

31 Sommerville J, O’Reagan M. Breakfast trends emerging
from the Irish National Nutrition Survey. Proc. Nutr. Soc.
1994; 53(1): 3A.

32 Emmett PM, Symes CL, Heaton KW. The contribution of
breakfast cereals to non-starch polysaccharide intakes in
English men and women. J. Hum. Nutr. Diet. 1993; 6:
217–22.

33 Lee P, Cunningham K. Irish National Nutrition Survey 1990.
Dublin: Irish Nutrition and Dietetic Institute, 1990.

34 Irish Universities Nutrition Alliance (IUNA). North/South
Ireland Food Consumption Survey Database. University
College Cork, Trinity College Dublin, University of Ulster at
Coleraine. 2001.

35 Kiely M, Flynn A, Harrington KE, Robson PJ, Cran G.
Sampling description and procedures used to conduct the
North/South Ireland Food Consumption Survey. Public
Health Nutr. 2001; 4(5A): 1029–35.

36 Harrington KE, Robson PJ, Kiely M, Livingstone MBE,
Lambe J, Gibney MJ. The North/South Ireland Food
Consumption Survey: survey design and methodology.
Public Health Nutr. 2001; 4(5A): 1037–42.

37 Robson PJ. Photographic food atlas for the North/South
Ireland Food Consumption Survey, 1997.

38 Ministry of Agriculture, Fisheries and Food. Food Portion
Sizes. London: The Stationery Office, 1997.

39 Holland B, Welch AA, Unwin ID, Buss DH, Paul AA,
Southgate DAT. McCance & Widdowson’s The Composition
of Foods, 5th ed. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food. London: HMSO, 1995.

40 Holland B, Unwin ID, Buss DH. Cereals and Cereal
Products. Third Supplement to McCance & Widdowson’s
The Composition of Foods, 4th ed. London: HMSO, 1988.

41 Holland B, Unwin ID, Buss DH. Milk Products and Eggs.
Fourth Supplement to McCance & Widdowson’s The
Composition of Foods, 4th ed. Royal Society of Chemistry
and Ministry of Agriculture, Fisheries and Food. London:
HMSO, 1989.

42 Holland B, Unwin ID, Buss DH. Vegetables, Herbs and
Spices. Fifth Supplement to McCance & Widdowson’s The
Composition of Foods, 4th ed. Royal Society of Chemistry and
Ministry of Agriculture, Fisheries and Food. London: HMSO,
1991.

43 Holland B, Unwin ID, Buss DH. Fruit and Nuts. First
Supplement to McCance & Widdowson’s The Composition of
Foods, 5th ed. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food. 5th ed. London: HMSO,
1992.

44 Holland B, Welch AA, Buss DH. Vegetable Dishes. Second
Supplement to McCance & Widdowson’s The Composition of
Foods, 5th ed. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food. London: HMSO, 1996.

45 Holland B, Brown J, Buss DH. Fish and Fish Products. Third
Supplement to McCance & Widdowson’s The Composition of
Foods, 5th ed. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food. London: HMSO, 1993.

46 Chan W, Brown J, Buss DH. Miscellaneous Foods.
Supplement to McCance & Widdowson’s The Composition
of Foods. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food. London: HMSO, 1994.

47 Chan W, Brown J, Lee SM, Buss DH. Meat, Poultry and Game.
Supplement to McCance & Widdowson’s The Composition of
Foods. Royal Society of Chemistry and Ministry of Agriculture,
Fisheries and Food. London: HMSO, 1995.

48 Chan W, Brown J, Church SM, Buss DH. Meat Products and
Dishes. Supplement to McCance & Widdowson’s The
Composition of Foods. Royal Society of Chemistry and
Ministry of Agriculture, Fisheries and Food. London: HMSO,
1996.

49 Hannon EM, Kiely M, Flynn A. The impact of fortification on
micronutrient intakes in Irish adults. Personal communi-
cation, 2002.

50 Carriquiry AL. Assessing the prevalence of nutrient
inadequacy. Public Health Nutr. 1999; 2(1): 23–33.

MA Galvin et al.362

https://doi.org/10.1079/PHN2002441 Published online by Cambridge University Press

https://doi.org/10.1079/PHN2002441


51 Institute of Medicine. Dietary Reference Intakes for
Calcium, Phosphorus, Magnesium, Vitamin D and Fluoride.
Washington, DC: National Academy Press, 1997.

52 O’Brien MM, Kiely M, Harrington KE, Robson PJ, Strain JJ,
Flynn A. The North/South Ireland Food Consumption
Survey: vitamin intakes in 18–64-year-old adults. Public
Health Nutr. 2001; 4(5A): 1069–79.

53 Hannon EM, Kiely M, Harrington KE, Robson PJ, Strain JJ,
Flynn A. The North/South Ireland Food Consumption
Survey: mineral intakes in 18–64-year-old adults. Public
Health Nutr. 2001; 4(5A): 1081–8.

54 Scientific Committee for Food. Nutrient and Energy
Intakes for the European Community. Luxembourg: Office
for Official Publications of the European Communities, 1993.

55 Bingham SA, Gill C, Welch A, Day K, Cassidy A, Khaw KT,
et al. Comparison of dietary assessment methods in
nutritional epidemiology: weighed records v. 24 h recalls,
food-frequency questionnaires and estimated-diet records.
Br. J Nutr. 1994; 72: 619–43.

56 McGowan MJ, Harrington KE, Kiely M, Robson PJ,
Livingstone MBE, Gibney MJ. An evaluation of energy
intakes and the ratio of energy intake to estimated basal
metabolic rate (EI/BMRest) in the North/ South Ireland Food
Consumption Survey. Public Health Nutr. 2001; 4(5A):
1043–50.

57 Food and Nutrition Board, Institute of Medicine. Dietary
Reference Intakes: Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, Iodine, Iron, Manganese, Molybdenum,
Nickel, Silicon, Vanadium and Zinc. Washington, DC:
National Academy Press, 2001.

58 Food and Nutrition Board, Institute of Medicine. Dietary
Reference Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D, and Fluoride. Washington, DC: National
Academy Press, 1999.

59 Food and Nutrition Board, Institute of Medicine. Dietary
Reference Intakes for Vitamin C, Vitamin E, Selenium and
Carotenoids. Washington, DC: National Academy Press,
2000.

60 Scientific Committee for Food. Opinion of the Scientific
Committee for Food (expressed 19 October 2000) on the
Tolerable Upper Intake Level of Vitamin B6 [online]. Available
at www.europa.eu.int/comm/food/fs/sc/scf/out80c_en.pdf.

61 Scientific Committee for Food. Opinion of the Scientific

Committee for Food (expressed 19 October 2000) on the
Tolerable Upper Intake Level of Folate [online]. Available at
www.europa.eu.int/comm/food/fs/sc/scf/out80e_en.pdf.

62 Black AE. Critical evaluation of energy intake using the
Goldberg cut-off for energy intake:basal metabolic rate.
A practical guide to its calculation, use and limitations.
Int. J. Obes. Relat. Metab. Disord. 2000; 24(9): 1119–30.

63 Department of Health. Dietary Reference Values for Food
Energy and Nutrients for the United Kingdom. Report of the
Panel on Dietary Reference Values of the Committee on
Medical Aspects of Food Policy. London: HM Stationery
Office, 1991.

64 Harrington KE, McGowan MJ, Kiely M, Robson PJ,
Livingstone MBE, Morrissey PA, et al. Macronutrient intakes
and food sources in Irish adults: findings of the North/South
Ireland Food Consumption Survey. Public Health Nutr.
2001; 4(5A): 1051–60.

65 Galvin MA, Kiely M, Harrington KE, Robson PJ, Moore R,
Flynn A. The North/South Ireland Food Consumption
Survey: the dietary fibre intake of Irish adults. Public Health
Nutr. 2001; 4(5A): 1061–8.

66 Galvin MA, Kiely M, Flynn A. The contribution of ready-to-
eat breakfast cereals to nutrient intake in Irish adults. Proc.
Nutr. Soc. 2001; 60: 151A.

67 Cuskelly CJ, McNulty H, Scott JM. Fortification with low
amounts of folic acid makes a significant difference in folate
status in young women: implications for the prevention of
neural tube defects. Am. J. Clin. Nutr. 1999; 70(2): 234–9.

68 Mallinow MR, Duell PB, Hess DL, Anderson PH, Kruger WD,
Phillipson BE, et al. Reduction of plasma homocyst(e)ine
levels by breakfast cereal fortified with folic acid in patients
with coronary heart disease. N. Engl. J. Med. 1998; 228(15):
1009–15.

69 Mallinow MR, Duell PB, Irvin-Jones A, Upson BM, Graf EE.
Increased plasma homocyst(e)ine after withdrawal of ready-
to-eat breakfast cereal from the diet: prevention by breakfast
cereal providing 200 microg folic acid. J. Am. Coll. Nutr.
2000; 19(4): 452–7.

70 Kiely M, Flynn A, Harrington KE, Robson PJ, O’Connor N,
Hannon EM, et al. The efficacy and safety of nutritional
supplement use in a representative sample of adults in the
North/South Ireland Food Consumption Survey. Public
Health Nutr. 2001; 4(5A): 1089–97.

Ready-to-eat breakfast cereal consumption in Irish adults 363

https://doi.org/10.1079/PHN2002441 Published online by Cambridge University Press

https://doi.org/10.1079/PHN2002441

