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The aim of the present study was to assess the impact of fortified food (FF) consumption on overall dietary quality in Irish adults. Data for this

analysis was based on the North/South Ireland Food Consumption Survey which used a 7 d food diary to collect food and beverage intake data in

a representative sample of 1379 Irish adults (662 men and 717 women) aged 18–64 years. Foods contained in the database that are fortified

were identified from the presence of vitamins and/or minerals in the ingredient list on the label. The results showed that an increased level of

FF consumption was associated with lower intakes (percentage food energy) of total fat and saturated fat (women only) and higher intakes of

total carbohydrate, total sugars (but not added sugars) and starch. Increased consumption was associated with a more micronutrient-dense diet

and a reduced prevalence of dietary inadequacies of Ca, Fe, riboflavin and folate, particularly in women. Higher FF consumption was associated

with higher intakes of fruit, lower intakes of alcohol and a lower likelihood of smoking in men and women. Thus it appears that FF consumption is

a marker of both better dietary quality and healthy lifestyle behaviours.

Fortified foods: Macronutrient intakes: Dietary recommendations: Micronutrient adequacy

In Ireland and in the UK, the voluntary addition of vitamins and
minerals to foods has been permitted for many years and a sig-
nificant number of foods and beverages are now fortified(1–3).
However, practices of voluntary fortification vary widely
among European Union countries, partly due to different regu-
latory environments. A European regulation on the addition of
vitamins and minerals to foods has been adopted which harmo-
nises legislation throughout member states of the European
Union(4). This has stimulated a wide-ranging debate on the
benefits and possible risks of voluntary fortification.

Studies in Ireland(5,6), Germany(7) and in the USA(8) have
shown that voluntary fortification of foods makes an important
contribution to adequacy of micronutrient intakes in these
countries. Addition of micronutrients to fortified ready-to-eat
breakfast cereals (RTEBC) has been reported to contribute
significantly to the intakes of several micronutrients in
different population groups in a number of countries(9–16).
A number of studies have also shown an association between
fortified breakfast cereal consumption and replacement of food
energy from fat with food energy from carbohydrate in
adults(16–19) and adolescents and children(9,12–15,20). Some
studies have shown that fortified breakfast cereal consumption
is associated with an increased fibre intake in both adults(18,19)

and adolescents(13).
Concerns about the practice of food fortification have been

raised in a number of papers. These concerns focus on the risk
of excess intake of micronutrients(21–23) and on a possible

adverse effect on overall dietary quality(22,23). We have
previously reported that the small proportions of fortified
food (FF) consumers (0·1–2·2%) who had mean daily
intakes (MDI) of folic acid, vitamin B6, retinol, Ca, Zn and
vitamin E that exceeded the tolerable upper intake level
was mainly due to nutritional supplements and was not
affected by fortification(6).

The aim of the present study was to assess the impact of
level of FF consumption on overall dietary quality among
Irish adults.

Methods

The food consumption and nutrient intake database

This analysis was performed using data from the North/South
Ireland Food Consumption Survey(24,25), which collected
food intake data in a representative sample of 1379 adults
aged 18–64 years (662 men and 717 women) in the Republic
of Ireland and Northern Ireland from 1997 to 1999. Pregnant
and lactating women were excluded. A 7 d estimated food
diary was used to measure food intake and a database of habit-
ual food and drink consumption was established. A more
detailed account of the methodology of the survey(26) and
the sampling procedure(27) is provided elsewhere.

Food records were analysed using WISPq (Tinuviel Soft-
ware, Llanfechell, Anglesey, UK). WISPq uses McCance
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and Widdowson’s Composition of Foods 5th Edition(28) and
supplemental volumes(29–37) as a food and nutrient database,
along with additional data (including analysed recipes of com-
posite dishes, manufacturers’ data on generic Irish foods, new
products that were commonly consumed and nutritional
supplements) to determine nutrient intakes. The data handling,
processing and quality-control procedures used in the con-
struction of the food consumption and nutrient intake database
have been described in detail elsewhere(26).

Identification of fortified foods

Foods contained in the database that are fortified were identi-
fied from the presence of vitamins and/or minerals in the
ingredient list on the label. For the purposes of this paper ‘for-
tification’ refers to the voluntary addition of micronutrients by
food manufacturers, which is identified in product labelling
and excludes (semi) mandatory addition of micronutrients to
foods (for example, vitamins A and D to fat spreads and
low-fat milk) to ensure ‘nutritional equivalence’ and vitamins
and minerals added to flour for the purposes of ‘restoration’.
These are considered ‘indigenous’ for the purposes of this dis-
cussion. The nutrient composition data were revised for many
FF (for example, many of the RTEBC) using up-to-date manu-
facturers’ data. New FF were assigned new food codes with
corresponding nutrient composition data from manufacturers.
Foods and beverages in the database that were fortified

included RTEBC, fruit juices, squashes and cordials, carbo-
nated beverages, milks, other beverages, breads, non-choco-
late confectionery, savouries and miscellaneous foods.
The food consumption database generated from the survey

listed each individual food item as consumed by each respon-
dent, together with the nutrient composition for the quantity of
each food consumed. Overall, 2914 different foods (as well as
146 nutritional supplements) were recorded as consumed,
fifty-four of which were FF. Respondents who consumed a
FF at any time during the 7 d of recording were classified as
FF consumers. Tertile analysis was used to divide men and
women separately into low, medium and high consumers of
FF on the basis of mean daily energy intake from FF.

Socio-demographic, and health and lifestyle characteristics

Self-administered questionnaire data were obtained on socio-
demographic factors and health and lifestyle parameters. The
division of the sample into social class groups was based on
the respondents’ occupation (including last main occupation
for those not working or retired) or, if the respondent was
not the head, the head of household’s occupation. All subjects
were classified according to the Central Statistics Office,
Census 96 Occupations(38).
Nutritional supplement consumption was recorded by the

respondent in the 7 d food diary. Respondents who consumed
a supplement at any time during the 7 d of recording were
classified as supplement users.

Definition of added sugars

Added sugars are sugars and syrups that are added to foods
during processing or preparation(39).

Comparison with dietary recommendations

The percentage of individuals exceeding the maximum
recommended alcohol units per week (men twenty-one units;
women fourteen units)(40) was also calculated.

Adequacy of micronutrient intakes

The method of assessing adequacy of micronutrient intakes
using the average requirement (AR) has been described in
detail in the study by Hannon et al. (6).

Under-reporting of food intake

As with any dietary survey where food intake is self-reported
there is evidence of misreporting, in particular, under-reporting,
in this survey(41). The prevalence of inadequate intake of
nutrients was calculated both including and excluding under-
reporters of energy intake, identified as having an energy inta-
ke:BMR ratio of less than 1·05(42). Under-reporting leads to an
overestimate of the prevalence of inadequate intakes. The anal-
ysis in the present study was carried out both including and
excluding under-reporters of energy intake. The percentage
of under-reporters (20% of total sample) was higher in non-
consumers (20% inmen and 28% in women) than in consumers
of FF (13% in men and 22% in women). The prevalence of
under-reporting was similar across the different levels of FF
intake. The data presented includes under-reporters, as removal
of under-reporters did not change the overall results observed in
the association of FF consumption with intakes or adequacy of
micronutrients, or intakes of macronutrients, fibre and fruit
and vegetables.

Statistical analysis

Data were analysed using SPSSw version 14.0 for Windowse
(SPSS Inc., Chicago, IL, USA). Tertile analysis was used to
divide men and women separately into low, medium and
high consumers of FF. To assess associations between percen-
tages of non-, low, medium and high consumers of FF in
different categories, x2 analysis and Pearson’s x2 were used.
One-way ANOVA with post hoc multiple comparisons was
used to determine significant differences in means between
types of FF consumers.

Results

Overall, 66% of individuals (65% of men and 68% of women)
were consumers of FF. Mean daily energy intake from FF
(MJ and percentage total energy) was 0·13MJ/1·3% (low),
0·35MJ/3·6% (medium) and 0·83MJ/7·0% (high) in men, and
0·11MJ/1·4% (low), 0·31MJ/4·3% (medium) and 0·72MJ/
9·3% (high) in women. In men and women there was a higher
proportion of 18- to 35-year-olds and a lower proportion of
51- to 64-year-olds in the consumers of FF compared with
non-consumers (Table 1). In the managerial, professional
and technical social class there was a higher proportion
among consumers than non-consumers, particularly in women
(Table 1). For both men and women the percentage current
smokers decreased and the percentage non-smokers increased
with increasing consumption of FF. Supplement use tended to
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increase in both men and women with increased consumption
of FF but this increase was not significant (Table 1).

Table 2 presents mean daily energy and macronutrient
intakes for men and women by tertile of energy intake from
FF. In men, MDI of energy, protein, fat and carbohydrate
(total sugars and starch) were significantly higher (P,0·05)
in high compared with non-, low and medium consumers. In
women, mean daily energy and protein intakes were signifi-
cantly higher (P,0·05) in high compared with non-consumers
while for total carbohydrate, total sugars and starch, MDI were
significantly higher in high compared with non-, low and
medium consumers. When expressed as percentage food
energy, total fat intake decreased, with a corresponding
decrease in the intakes of saturated (women only), monoun-
saturated and polyunsaturated fats and intake of total carbo-
hydrate, total sugars and starch increased with higher
consumption of FF. In men and women mean daily alcohol
intake was significantly higher (P,0·05) in non-consumers
compared with high consumers (Table 2).

In Table 3, MDI of NSP (g/d and g/MJ per d) are reported
for both men and women by tertile of energy intake from FF.
High consumers in men and women had significantly higher
(P,0·05) mean daily NSP (g/d) intakes than non-, low and
medium consumers. In men and women nutrient density for
NSP was highest among high consumers of FF (Table 3).

Table 4 presents mean daily fruit and vegetable intakes by
sex and tertile of energy intake from FF. In men and women
high consumers of FF had the highest intakes of fruit but
there was no association of vegetable intake with level of
FF consumption.

In Table 5, MDI of Na (g/d and g/MJ per d) and salt (g/d)
and the percentage contribution of fortified foods to Na intakes
are reported for both men and women by tertile of energy
intake from FF. In men and women (except non-consumers
in women), salt intake from food (excluding salt added in
cooking and at the table) exceeds the recommendation
for total salt (6 g). Salt and Na intake was significantly
higher (P,0·05) in high consumers of FF in comparison

with non-consumers. The percentage contribution of fortified
foods to Na intakes for the different FF groups ranged from
1·5 to 5·6% and significantly increased (P,0·05) across the
tertiles for both men and women. When adjusted for energy
intake, Na intake was higher in high consumers than in non-
consumers of FF; however, Na intake did not increase with
level of FF consumption.

In Table 6 (40), the percentage of Irish adults with intakes of
alcohol below the recommended maximum intake levels by
sex and tertile of energy intake from FF are reported. The per-
centage exceeding the recommended maximum level of alco-
hol was lower in high consumers than in non-consumers of FF
(men only) but there was no significant association with
increasing consumption of FF.

In Table 7 mean daily micronutrient intakes per 10MJ total
energy are reported for both men and women by tertile of
energy intake from FF. With increasing consumption of FF,
MDI (per 10MJ) of Ca, Fe, riboflavin and folate increased
in men and MDI (per 10MJ) of Ca, Mg, P, Fe, niacin, vitamin
B6 and folate increased in women (Table 7). Intakes of Cu,
thiamin, biotin, pantothenate, Zn and vitamins A, D, E, C
and B12 were also analysed but there was no increase in
intakes of these micronutrients as FF consumption increased.

Table 8 (43) presents the percentage of men and women with
MDI of micronutrients below the average requirement (AR)
by tertile of energy intake from FF. In men and women, the
percentage with MDI of Ca, Fe, Cu, Zn, vitamin A, riboflavin,
folate and vitamin C below the AR decreased with increasing
consumption of FF.

Discussion

The present study analysed the impact of FF consumption on
nutrient intakes, compliance with the dietary recommen-
dations for alcohol and adequacy of micronutrient intakes.

The results of this analysis show that an increasing con-
sumption of FF was associated with a lower percentage of
food energy intake from total fat, as well as SFA, MUFA

Table 1. Distribution of subjects (%) in fortified food consumption categories by age group, social class, smoking status and prevalence of
supplement use

Men Women

Consumer categories. . . Non Low Medium High P Non Low Medium High P

Subjects (n) 234 143 142 143 232 161 162 162
Age group (%)

18–35 years 29·1a 43·4b 43·0b 43·4b 34·9a 39·8b 43·2b 33·3a

36–50 years 35·9 35·0 33·8 37·8 NS 35·3 44·1 40·7 41·4 NS
51–64 years 35·0a 21·7b 23·2b 18·9b 29·7a 16·1b 16·0b 25·3a,b

Social class (n) 223 134 133 136 213 152 156 154
Managerial, professional and technical (%) 39·5 43·3 46·6 44·1 NS 39·4a 45·4a,b 50·6b 46·1b

Non-manual skilled (%) 11·2 14·2 15·0 19·8 NS 27·2a 21·7a,b 17·9b 27·9a

Manual skilled (%) 32·3a 20·1a,b 22·6a,b 19·1b 15·5 17·1 17·9 12·3 NS
Semi-skilled, unskilled (%) 17·0 22·4 15·8 16·9 NS 17·8 15·8 13·5 13·6 NS

Smoking status (n) 231 139 140 142 230 159 160 160
Current smoker (%) 39·4a 38·1a 31·4a 21·1b 41·7a 34·6a 25·6b 22·5b

Ex-smoker (%) 25·5 25·9 27·1 26·8 NS 22·2 23·9 23·1 20·6 NS
Non-smoker (%) 35·1a 36·0a 41·4a 52·1b 36·1a 41·5a,b 51·3b,c 56·9c

Supplement users (%) 14·5 14·7 19·0 21·0 NS 31·9 29·8 28·4 39·5 NS

NS, non-significant differences between categories of fortified food consumers in men and women.
a,b,c Values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
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Table 2. Daily energy and macronutrient intakes in Irish adults by sex and tertile of energy intake from fortified foods

(Mean values and standard deviations)

Men Women

Consumer categories. . . Non (n 234) Low (n 143) Medium (n 142) High (n 143) Non (n 232) Low (n 161) Medium (n 162) High (n 162)

Nutrient Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Energy (MJ) 10·8a 3·3 10·7a 2·9 10·6a 2·8 12·3b 2·8 7·4a 1·9 7·8a,b 2·1 7·5a,b 1·9 8·1b 2·1
Protein (g) 97·8a 25·5 98·5a 27·4 96·3a 23·8 109·8b 27·9 67·1a 15·6 69·5a,b 18·5 70·1a,b 17·7 73·6b 17·0
Fat (g) 102·4a 36·8 99·5a 31·4 96·5a 30·9 112·7b 34·8 74·4 24·4 74·7 26·0 70·5 23·0 73·4 25·2
Carbohydrate (g) 287·6a 96·2 287·8a 95·1 296·4a 84·1 358·9b 88·5 201·4a 57·1 219·3b 62·9 216·7a,b 58·6 243·7c 64·0
Total sugars (g) 105·0a 53·1 103·4a 47·6 116·1a 44·7 133·8b 50·5 77·4a 33·7 82·3a 35·0 84·5a 31·9 97·3b 38·7
Added sugar (g) 64·9 46·0 62·8 41·3 69·0 38·6 73·0 40·1 42·0 26·9 42·8 29·4 42·4 25·1 49·4 27·6
Starch (g) 178·8a 60·4 180·5a 58·9 175·9a 50·1 221·1b 58·5 120·5a 33·1 132·7a 38·3 128·8a 35·4 141·8b 36·3
Alcohol (g) 26·5a 33·7 23·7a,b 29·6 21·3a,b 25·5 17·7b 26·1 10·5a 13·8 12·3a,b 14·2 7·6b,c 12·6 6·4c 9·8
Protein (%FE) 16·8a 2·9 16·9a 3·1 16·6a,b 2·8 15·8b 2·4 16·3 3·1 16·0 2·9 16·4 3·0 16·1 2·9
Fat (%FE) 38·1a 5·6 37·6a,b 5·1 36·3b 5·3 35·8b 5·2 39·2a 5·8 37·4b 5·9 36·3b,c 5·6 34·7c 5·5
Saturated fat (%FE) 14·6 3·4 14·4 3·1 14·2 3·0 14·4 3·0 14·9a 3·4 14·5a,b 3·2 14·0b,c 3·2 13·5c 2·9
Monounsaturated fat (%FE) 13·0a 2·2 12·9a,b 2·0 12·3b,c 2·1 11·8c 2·0 13·1a 2·3 12·3a,b 2·2 12·0b,c 2·0 11·5c 2·2
Polyunsaturated fat (%FE) 7·4a,b 2·5 7·6a 2·0 7·0a,b 1·9 6·8b 2·0 8·1a 2·6 7·6a 2·2 7·5a,b 2·0 6·8b 2·1
Carbohydrate (%FE) 45·1a 5·6 45·4a 5·1 47·0c 5·0 48·1b 5·2 44·7a 5·3 46·6b 5·7 47·1b 5·2 49·0c 5·1
Sugar (%FE) 16·2a 5·4 16·0a 4·7 18·3b 4·7 17·7b 5·1 16·8a 5·5 17·4a 4·9 18·2a,b 4·9 19·3b 4·9
Added sugar (%FE) 9·8 5·1 9·5 4·7 10·7 4·8 9·6 4·4 8·9 4·8 8·8 4·6 8·9 4·0 9·5 3·8
Starch (%FE) 28·3a 5·5 28·7a,b 4·6 28·0a,b 4·1 29·8b 5·4 27·1a 4·9 28·4a,b 4·9 28·1a,b 4·5 28·8b 5·1

%FE, percentage food energy.
a,b,c Mean values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
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and PUFA, and a higher percentage of food energy intake
from total carbohydrate, as well as total sugars (but not
added sugars) and starch.

While there are no studies that have examined the impact of
overall consumption of FF on dietary quality with respect to
macronutrients in adults, there are a number of such studies
for fortified breakfast cereals. In the present study fortified
breakfast cereals were the predominant category of fortified
foods consumed. Approximately 72% of FF recorded in the
present study were fortified breakfast cereals which contributed
3·8 and 4·8% of average energy intake in men and women con-
sumers of FF, respectively, compared with the 3·9 and 5·0% of
energy intake from all fortified foods(6). The analysis of
breakfast cereal consumption in the North/South Ireland
Food Consumption Survey by Galvin et al. (44) showed an
association between increased breakfast cereal consumption
and a replacement of energy from fat with energy from carbo-
hydrates and a higher proportion of individuals achieving the
dietary recommendations for total fat and carbohydrate.

McNulty et al. (13) reported that an increased consumption of
RTEBC was associated with a decreased consumption of fats
and a corresponding increase in carbohydrates and starch.
Other studies have demonstrated this association between
breakfast cereal consumption and a replacement of food
energy from fat with food energy from carbohydrate(15,18,19).

The consumption of FF was associated with a more fibre-
dense diet. A number of studies have reported an association
between increased consumption of fortified breakfast cereals
and increasing fibre intakes(13,19,44,45). Consumption of FF
was associated with higher fruit intakes in men and women.
In their analysis of the North/South Ireland Food Consumption
Survey, Galvin et al. (M. A. Galvin, M. Kiely and A. Flynn,
unpublished results) reported that fruit was twice as likely to
be consumed in men and more likely to be consumed in
women who consumed a RTEBC breakfast compared with
any other breakfast type. Syrette et al. (18) showed that Austra-
lian adults who consumed breakfast cereal on a daily basis ate
more fruit and vegetables than those who consumed breakfast
cereals less frequently.

A higher consumption of FF was associated with increased
nutrient densities for most micronutrients investigated. Galvin
et al. (44) also found an increase in nutrient densities with
increased RTEBC consumption in men and women. Alexy
et al. (46) assessed the effects of added sugars and FF on nutri-
ent densities in German children aged 2–18 years and
reported that the positive effects of fortification on nutrient
densities exceeded the negative effects of added sugar intake
for most nutrients, in some cases even twofold. The present
results showed that increasing consumption of FF was not
associated with increased added sugar intake in men and
women.

There was a lower prevalence of inadequate intakes of Ca,
Cu, Zn, riboflavin and vitamin C in both men and women and
of Fe and folate in women with increasing level of FF con-
sumption. In the case of riboflavin, Fe and folate this was lar-
gely due to the addition of micronutrients to FF; for example,
riboflavin and Fe, respectively, are added to 87 and 81% of all
FF(6). For other nutrients (for example, Ca, Cu, Zn) this is due
to increased intakes from other foods as these nutrients are

Table 3. Daily intake of NSP in Irish adults by sex and tertile of energy
intake from fortified foods

(Mean values and standard deviations)

Consumer
categories

Subjects
(n)

NSP (g/d)
NSP (g/10 MJ

per d)

Mean SD Mean SD

Men
Non 234 16·6a 6·6 15·8a,b 6·4
Low 143 15·7a 5·9 15·0a 4·5
Medium 142 15·9a 5·8 15·5a,b 5·9
High 143 20·8b 8·1 17·2b 6·3

Women
Non 232 11·6a 4·1 16·0a 5·1
Low 161 13·2b 4·4 17·4a,b 5·6
Medium 162 13·5b 4·3 18·4b,c 5·6
High 162 15·9c 6·6 20·1c 7·9

a,b,c Mean values within a column with unlike superscript letters were significantly
different between categories of fortified food consumers in men and women
(P,0·05).

Table 4. Daily intakes of fruit, vegetables (excluding potatoes) and fruit and vegetables in Irish adults by sex and tertile of energy intake from
fortified foods

(Mean values and standard deviations)

Intake (g/d)

Consumer
categories Subjects (n)

Fruit Vegetables Fruit and vegetables

Mean SD Mean SD Mean SD

Men
Non 234 110a 138 147 77 256a 170
Low 143 107a 111 149 83 257a 156
Medium 142 140a 147 141 76 281a 188
High 143 189b 180 159 77 348b 214

Women
Non 232 116a 135 129 65 245a 174
Low 161 132a,b 123 137 64 269a,b 151
Medium 162 151a,b 120 140 75 291a,b 164
High 162 169b 158 125 68 293b 187

a,b Mean values within a column with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
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either not added to FF or added to only few products. In the
case of Ca, the higher intakes and the lower prevalence of
inadequacy of Ca intakes associated with higher FF consump-
tion appears to be due largely to the addition of milk to
cereals. It has been estimated that on average, an additional
98 g milk was consumed at a breakfast that contained a
RTEBC compared with a breakfast that did not(47). Vitamin
C was added to 15% of all FF and therefore the higher intakes
and lower prevalence of inadequate intakes can be attributed
in part to fortification and also to higher intakes of other
foods (for example, fruit).
Berner et al. (8) reported on the contribution of voluntary for-

tification to vitamin and mineral intakes in the USA between
1989 and 1991. For those aged .1 year, and excluding intakes
from nutritional supplements, fortification increased the
median intakes of vitamin A (21%), vitamin C (24%), thiamin
(12%), riboflavin (11%), niacin (12%), folate (23%), Fe (14%)
and Zn (6%), but did not affect intake of Ca. Although the
effect of fortification on adequacy of nutrient intakes was
not examined, in many cases the added nutrients boosted
the 25th percentile or median intakes from below to above
the RDA.
Sichert-Hellert et al. (7) investigated 10-year trends (1987–96)

in vitamin and mineral intakes from FF in children aged 2–13
years in Germany. Over this period, the percentage contri-
bution of FF to total intakes of vitamins B1, B2 and B6, folate,
vitamin C and niacin increased from 8–19% in 1987 to
20–32% in 1995. There was little change in the contribution
to vitamin E intake (about 27–30%). A follow-up study

showed that the contribution of FF to micronutrient intakes
reached a plateau or decreased between 1994–6 and 2000(48).

Previous studies have demonstrated the positive impact of
fortified breakfast cereals on micronutrient intake in the diet
of adults(11) and children(13,15). Interventions which have
examined the impact of milk fortified with vitamin D(49,50)

have produced favourable changes in the serum concentrations
of 25-hydroxyvitamin D (25(OH)D) and have helped to reduce
the seasonal decline in serum 25(OH)D by greater than
50%(49).

Hannon et al. (6) have previously shown that FF consump-
tion in the North/South Ireland Food Consumption Survey
was not associated with an increased risk of adverse effects
for any micronutrient. Small proportions (0·1–2·2%) of FF
consumers has MDI of folic acid, vitamin B6, retinol, Ca,
Zn and vitamin E that exceeded the tolerable upper intake
level but this was mainly associated with the use of nutritional
supplements or, in the case of retinol, of high liver consump-
tion and was not affected by fortification, which contributed
only small amounts to the intakes of these micronutrients rela-
tive to their upper intake level.

The present study also analysed whether there was an
association between FF consumption and lifestyle factors
such as alcohol intake and smoking status. Higher FF con-
sumption (compared with non-consumers) was associated
with lower alcohol intake and lower likelihood of smoking
in men and women.

Salt intake from food (excluding salt added in cooking
and at table) exceeded the recommendation for total salt

Table 6. Irish adults with intakes of alcohol below the recommended maximum weekly intake levels by sex and tertile of energy intake from fortified
foods

(Percentages)

Men (n 605) Women (n 703)

Consumer categories. . .
Non

(n 231)
Low

(n 134)
Medium
(n 144)

High
(n 141)

Non
(n 230)

Low
(n 158)

Medium
(n 159)

High
(n 156)

Intake below recommended maximum weekly intake* 63·2a 65·7a,b 71·5a,b 75·2b 81·7a,b 74·0a 85·5b 87·2b

a,b Values with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
* Men, 21 units; women, 14 units; Department of Health and Children(40).

Table 5. Daily intake of food* sodium and salt and percentage contribution of fortified foods (FF) to intakes by sex and tertile of energy intake from FF

(Mean values and standard deviations)

Consumer
categories

Na (g) Na (g/10 MJ) Salt (g)

Percentage contri-
bution of FF to Na

intakes

Subjects (n) Mean SD Mean SD Mean SD Mean SD

Men
Non 234 3·3a 1·2 3·1a 0·7 8·4a 2·9
Low 143 3·5a 1·1 3·3b 0·6 8·7a 2·8 1·5a 1·7
Medium 142 3·4a 1·0 3·2a,b 0·7 8·5a 2·4 3·8b 1·7
High 143 4·1b 1·0 3·3b 0·5 10·1b 2·6 5·4c 3·2

Women
Non 232 2·3a 0·6 3·2a 0·6 5·8a 1·6
Low 161 2·5b,c 0·7 3·3a,b 0·7 6·4b,c 1·8 1·6a 2·5
Medium 162 2·5a,b 0·7 3·3a,b 0·6 6·2a,b 1·6 3·4b 3·5
High 162 2·7c 0·7 3·4b 0·6 6·7c 1·8 5·6c 5·0

a,b,c Mean values within a column with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
* Excluding Na/salt added at the table or in cooking.
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Table 7. Daily intake of micronutrients (from all sources including supplements) per 10 MJ total energy by sex and tertile of energy intake from fortified foods

(Mean values and standard deviations)

Men Women

Consumer categories. . . Non (n 234) Low (n 143) Medium (n 142) High (n 142) Non (n 232) Low (n 161) Medium (n 162) High (n 162)

Nutrient Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Ca (mg) 805a 216 869b 262 889b 216 925b 244 938a 476 929a 240 1006a,b 272 1046b 282
Mg (mg) 325 86 323 69 325 129 324 62 326a 87 333a 76 338a,b 76 358b 101
P (mg) 1489 228 1516 230 1502 246 1507 215 1474a 279 1509a,b 275 1572b,c 277 1609c 301
Fe (mg) 12·5a 4·1 13·0a 5·1 13·1a 3·5 15·4b 3·9 15·8a 22·3 15·8a 15·4 19·7a,b 23·1 24·6b 36·0
Riboflavin (mg) 1·8a 0·8 1·9a 0·7 2·1a 1·1 2·4b 1·7 2·4 4·1 2·2 2·3 3·0 5·7 3·0 1·5
Niacin (mg) 44·4 11·1 45·5 10·1 46·3 11·8 46·3 9·2 44·0a,b 13·3 44·2a,b 13·9 48·5b,c 14·8 50·8c 13·0
Vitamin B6 (mg) 3·2 2·1 3·0 1·1 3·2 1·4 3·4 2·1 3·8a 6·8 3·2a 4·1 3·9a,b 5·9 6·8b 14·3
Folate (mg) 291a 123 293a 90 315a 92 364b 111 291a 144 313a 132 369b 149 461b 278

a,b,c Mean values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).

Table 8. Men and women with mean daily intakes of micronutrients (from all sources including supplements) below the average requirement (AR) by sex and tertile of energy intake from fortified foods

(Percentages)

Men Women

Consumer categories. . .
Nutrient AR*

Non
(n 234)

Low
(n 143)

Medium
(n 142)

High
(n 143)

Non
(n 232)

Low
(n 161)

Medium
(n 162)

High
(n 162)

Ca 550 mg 16·7a 9·1b 12·0a,b 2·1c 34·9a 23·0b 17·3b 11·1c

Fe 7 mg (women 18–50 years
10 mg, women 51–64 years 6 mg)

4·3a 2·1a,b 2·1a,b 0b 56·9a 47·8b 32·1c 12·3d

Cu 0·8 mg 9·0a 11·2a 7·7a 2·8b 28·4a 21·1a,b 26·5a 15·4b

Zn 7·5 mg (women 5·5 mg) 14·5a,b 16·1a 17·6b 4·9c 22·0a,b 15·5a 15·4b 7·4c

Vitamin A 500mg (women 400mg) 23·5a 25·9a 19·0a,b 10·5b 22·8a 10·6b 13·6b 16·7b

Riboflavin 1·3 mg (women 1·1 mg) 21·8a 14·0b 7·0b 0·7c 37·9a 26·1b 9·3c 1·2d

Total folate 140mg 5·1a 1·4a,b 0·7b 0b 20·7a 6·2b 3·1b 0·6c

Vitamin C 30 mg 8·5a,b 11·9a 8·5a 3·5b 17·2a 6·8b 4·3c 5·6d

a,b,c,d Values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05).
* Report of the Scientific Committee for Food(43).
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of 6 g/d(51). Intakes of salt and Na (g/d and g/MJ per d) were
significantly higher (P,0·05) in high consumers of fortified
foods in comparison with non-consumers. However, when
adjusted for energy intake, Na intake did not increase with
level of FF consumption, indicating that the observed
increases in salt intake with increasing level of FF consump-
tion are related to increasing intake of food energy. The per-
centage contribution of FF to Na intakes in high consumers
of FF was 5·4–5·6%, which is less than their contribution to
energy (7·0–9·3%). This indicates that FF are a relatively
minor source of dietary salt, even among high FF consumers,
and that the higher intake of salt in high consumers of FF is
associated mainly with non-fortified foods.
In conclusion, FF consumption was associated with higher

fruit intakes, lower intakes (percentage food energy) of total
fat and saturated fat (women only) and higher intakes of
total carbohydrate, total sugars (but not added sugars) and
starch, a more micronutrient-dense diet and a reduced preva-
lence of dietary inadequacies of Ca, Fe, riboflavin and
folate, particularly in women. The improvement in dietary
quality is partly due to the contribution of FF to the diet but
also partly due to differences in patterns of consumption of
other foods which have yet to be analysed. A higher FF
consumption was associated with a lower alcohol intake and
a lower likelihood of smoking in men and women. Thus, it
appears that FF consumption is a marker of both better dietary
quality and healthy lifestyle behaviours.
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