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Abstract

Objective: To describe the diversity in dietary patterns existing across centres/regions
participating in the European Prospective Investigation into Cancer and Nutrition
(EPIO).

Design and setting: Single 24-hour dietary recall measurements were obtained by
means of standardised face-to-face interviews using the EPIC-SOFT software. These
have been used to present a graphic multi-dimensional comparison of the adjusted
mean consumption of 22 food groups.

Subjects: In total, 35955 men and women, aged 35—74 years, participating in the EPIC
nested calibration study.

Results: Although wide differences were observed across centres, the countries
participating in EPIC are characterised by specific dietary patterns. Overall, Italy and
Greece have a dietary pattern characterised by plant foods (except potatoes) and a
lower consumption of animal and processed foods, compared with the other EPIC
countries. France and particularly Spain have more heterogeneous dietary patterns,
with a relatively high consumption of both plant foods and animal products. Apart
from characteristics specific to vegetarian groups, the UK ‘health-conscious’ group
shares with the UK general population a relatively high consumption of tea, sauces,
cakes, soft drinks (women), margarine and butter. In contrast, the diet in the Nordic
countries, The Netherlands, Germany and the UK general population is relatively high
in potatoes and animal, processed and sweetened/refined foods, with proportions
varying across countries/centres. In these countries, consumption of vegetables and
fruit is similar to, or below, the overall EPIC means, and is low for legumes and
vegetable oils. Overall, dietary patterns were similar for men and women, although
there were large gender differences for certain food groups.

Conclusions: There are considerable differences in food group consumption and
dietary patterns among the EPIC study populations. This large heterogeneity should
be an advantage when investigating the relationship between diet and cancer and
formulating new aetiological hypotheses related to dietary patterns and disease.

*Corresponding author: Email Slimani@iarc.fr
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Of all the environmental exposures diet is a universal
exposure, comprising a complex mixture of different
compounds that varies over time, space and according to a
number of historical, ethnic, religious, agricultural, socio-
economic and psychological factors, at the individual and
population levels'. The lack of unbiased dietary methods
and the difficulty of measuring long-term individual
cumulative dietary exposure, when measurements are
obtained at fixed point(s) in time of the subject’s life, are
important methodological limitations for estimating diet
accurately as an exposure”®, These drawbacks may partly
explain the lack of consistency in estimates of the
association between diet and disease, particularly with
regard to cancer®, and the attenuation in relative risk
estimates of the actual relationship between diet and the
outcome diseases due to random errors in dietary
measurements’ /. Another emerging possible expla-
nation, however, is that the methodologies used so far to
analyse diet—disease relationships do not fully capture the
nature and complexity of diet. For decades, the traditional
practice has been to consider separately, in univariate
analyses, the role of single foods, food groups or nutrients
in relation to disease risk in order to distinguish their
possible specific individual effects. The high inter-
correlation between food (groups) and/or nutrient intakes
and the difficulty of controlling for a number of possible
dietary and other confounders in an analysis®™ "' may,
however, also partly explain the distortion in the estimates
of the association observed between specific dietary
components and cancer in particular'®. In addition,
current scientific evidence on carcinogenic mechanisms
and the results from experimental and epidemiological
studies suggest, for most cancers, multi-factorial causes
involving several dietary and other factors, with possible
synergetic or antagonist effects’?.

These considerations have led to increased interest in
multivariate or multi-dimensional analyses of so-called
dietary patterns, which could better demonstrate that
different foods and food groups are often consumed by
individuals according to a reproducible pattern, despite
large within- and between-subject variations'*'°. Various
statistical techniques (e.g. factor or cluster analysis)'® and
other more innovative approaches17 exist and are now
increasingly used for studying the association between
dietary patterns and cancers and other chronic diseases'®™ 2.
Despite various methodological limitations (e.g. lack of
stability and specificity of dietary patterns, and subjective
selection of variables)'®?® this area of exploratory
research opens promising perspectives for a better
understanding of the relationship between dietary
exposure and chronic diseases®*%.

The aim of this paper is to describe and highlight the
diversity in dietary patterns existing across 27 centres/
regions participating in the European Prospective
Investigation into Cancer and Nutrition (EPIC), using a
graphic multi-dimensional comparison of the mean
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consumption of 22 common food groups obtained from
highly standardised, computerised 24-hour dietary recall
interviews.

Materials and methods

EPIC is a large cohort representing about half a million
individuals in 10 Western European countries (Denmark,
France, Germany, Greece, Italy, Norway, Spain, Sweden,
The Netherlands and the UK)?°. The choice of study
populations was not intended to provide representative
samples, but was determined by practical and logistical
considerations to obtain high participation and long-term
follow—up26. The study subjects were either population-
based (Bilthoven in The Netherlands, Greece, Germany,
Sweden, Denmark, Norway, Spain, Italy, Cambridge and a
small part of the Oxford cohort from the UK), participants
in breast cancer screening (Utrecht in The Netherlands and
Florence, Ttaly), or teachers and school workers in France.
In Oxford, most of the cohort was recruited among
subjects with an interest in health and/or vegetarian eating
habits and were either self-defined vegans (i.e. consuming
no animal products), ovo-lacto vegetarians, fish eaters (i.e.
consumers of fish but not meat) or meat eaters. Blood
donors were also recruited in different proportions in
certain Italian and Spanish centres. In France, Norway,
Utrecht (The Netherlands) and Naples (Italy) only women
were recruited. Further details on the EPIC project are
detailed elsewhere®®,

Information on usual individual dietary intakes was
obtained using different dietary assessment methods
developed and validated in each participating country® ~°.
In order to adjust for possible systematic over- or
underestimation in dietary intake measurements and
correct for attenuation bias in relative risk estimates, a
calibration approach was adopted. A single 24-hour
dietary recall (24-HDR) was collected from a random
sample of 5-12% (1.5% in the UK) of the EPIC cohorts,
weighted according to the cumulative numbers of cancer
cases expected per fixed age and sex stratum’'.
Interviews were scheduled with the intention of obtaining
an equal distribution of 24-HDRs according to day of the
week and season.

The results presented in this paper are based on single
24-HDRs collected between 1995 and 2000 from 35955
subjects (13031 men and 22924 women) of the 36900
who participated in the calibration studies nested in the
EPIC cohorts. The statistical analysis was restricted to
subjects aged 35—74 years; 945 subjects outside this range
were excluded. In the UK, the ‘health-conscious’ group
and the subjects recruited from the general population in
both Cambridge and Oxford (general population group)
were considered as two separate population groups. In
France and Norway, where the study subjects were
scattered all over the country, the groups were sub-
divided into, respectively, four and two geographical
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Table 1 Definitions and contents of the EPIC-SOFT food (sub-) groups considered in the analysis

Food group Definition and content

Vegetables Leafy, fruiting, root, grain, pod and stalk vegetables, mushroom, allium, cruciferous, sprouts
and mixed salad/vegetables

Fruits Fresh fruits, nuts, seeds, stewed fruit, mixed fruits and olives

Potatoes Potatoes and potato products, except potato crisps

Legumes Dried peas, lentils and beans, except soy

Cereals and cereal products

Flour, flakes, starches, pasta, rice and other grains, bread, crispbread, rusks, breakfast cereals,

salty and aperitif biscuits, dough and pastry (puff, short-crust, pizza)

Cakes
Sugar and confectionery

Cakes, pies, pastries, puddings (non-milk-based), dry cakes, biscuits
Sugar, jam, marmalade, honey, chocolate and products, candy bars, confetti/flakes, drops,

boiled sweets, chewing gum, nougat, cereal bars, marzipan, syrup, water ice

Added fats
Vegetable oils Vegetable oils
Margarines Margarines, mixed dairy margarines, baking fat
Butter Butter, herbal butter, butter concentrate

Dairy products

Milk Liquid milk (e.g. cow’s, goat’s), processed milk (condensed, dried), whey

Dairy products

Meat and meat products
Fresh meat
Processed meat

Milk beverages, yoghurt, cheeses, cream desserts, puddings (milk-based), dairy creams, ice cream

Beef, veal, pork, lamb/mutton, horse, goat, poultry, game and offal
Processed meat from red meat or poultry (e.g. ham, bacon, sausages, patés, etc.)

Eggs Eggs (e.g. chicken, turkey, duck, goose, quail) and egg products, except if used for bread and

bakery products
Fish and shellfish
Sauces
Non-alcoholic beverages

Fish and fish products, crustaceans and molluscs
Tomato sauces, dressing sauces, mayonnaises and similars

Tea Tea (with and without caffeine), iced tea: infusion, powder, instant beverage

Coffee
Soft drinks
Fruit/vegetable juices

Alcoholic beverages Expressed as ethanol

Coffee (with and without caffeine): infusion, powder, instant beverage
Carbonated/soft/isotonic drinks, diluted syrups
Fruit and/or vegetable juices and nectars, freshly squeezed juices: pure or diluted with water

regions. Consequently, results for 27 centres/regions are
presented in this analysis. However, for convenience, the
term ‘centre’ will be used to name both EPIC adminis-
trative centres and regions. Further details on the
calibration study design and characteristics of the study
participants are given elsewhere®!.

Computerised 24-hour dietary recall interview software
(EPIC-SOFT) was developed to assess dietary intakes
reported across the EPIC centres in a standardised
manner’>®°, The same structure and translated interface
were used in all 10 countries in order to standardise dietary
interviews among the 90 interviewers involved in the
calibration study. All of the 24-HDRs were collected during
a face-to-face interview, except in Norway where the
interviews were conducted by telephone®®. Methods of
quantification of portion sizes were standardised between
countries using photographs, household measures
depicted in pictures and standard units. For the telephone
interviews, this material was mailed to the subjects in
advance. Foods were classified according to the common
EPIC-SOFT classification in 17 main groups and 124 sub-
groups.

All main groups of the EPIC-SOFT classification cover-
ing the different components of diet in all countries were
considered in the analysis, except ‘miscellaneous’ and
‘soups’. However, the groups ‘dairy products’ (‘milk’ and
‘other dairy products’), ‘meat and meat products’ (‘fresh
meat’ and ‘processed meat’), ‘non-alcoholic beverages’

(‘tea’, ‘coffee’, ‘soft drinks’, ‘fruit & vegetable juices’) and
‘fat’ (‘vegetable oils’, ‘butter’ and ‘margarine’) were
considered at the sub-group level as indicated in brackets.
Twenty-two main (sub-) groups of the common EPIC-
SOFT classification were finally considered in this analysis
(Table 1). These food groups were ordered according to
their plant or animal origins and their degree of food
processing to facilitate the comparison of dietary patterns
across centres. For the comparison of alcoholic beverages,
which vary greatly in type (e.g. beer, wine, spirits) and
alcohol content across EPIC study centres®”, we expressed
alcohol consumption in grams of ethanol rather than
millilitres of alcoholic beverages. Ethanol intake was
computed using country-specific nutritional values.

The first purpose of the calibration study was to obtain
good estimates of mean food intakes at the population
level, and a single 24-HDR measurement was collected
from each study participant. Our analysis is therefore
focused on the comparison of mean dietary intakes. In
order to compare dietary patterns across the 27 EPIC
centres, crude and adjusted mean food consumption (g)
for the ith food group, m(i), was calculated by sex and
centre for each of the 22 food (sub-) groups. A standard
multiple linear regression model was used to adjust for
age, day of the week and season in order to correct for
different distributions of these factors observed across the
EPIC centres®’. Total energy intake was also added to the
model but, as this did not change the overall dietary
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patterns in most centres, these results are not reported
here. Overall EPIC mean consumption, M(i), was also
calculated for the same food groups, by sex, as the
arithmetic mean of the centre mean intakes. To express
variation in centre mean intakes from the overall EPIC
mean, percentage food intake relative to the EPIC mean
was calculated for each food group, by sex and centre, as:
100% X [m(i)/M(D)).

A multi-dimensional graphic representation of the
relative food intakes is used to illustrate differences in
dietary patterns by centre and gender; their corresponding
values are provided in the Appendix. EPIC means, used as
the common denominator to calculate deviations, are
indicated in each figure by a reference circle of radius
100%. If the relative consumption of a food group is above
100%, it indicates that the given centre is characterised by a
relatively high consumption of that food group compared
with the reference EPIC mean, and vice versa when the
relative intake is below 100%. The same scale was used in
the graphs for all countries and both genders (0—250%).
The end peaks of means exceeding 250% are not reported
in the graphs, but are indicated in the Appendix.

Results

Italy

In all Ttalian centres, diet is dominated by plant foods,
particularly cereals and cereal products, fruits and
vegetable oils, when compared with the EPIC means
(Figs. 1a and 1b). In Varese, however, intake of vegetable
oils was much lower than in the other centres. Several
additional food groups characterise certain Italian centres
and highlight further specific local dietary patterns.
Legume consumption varies widely and is consistently
much higher in women (except Turin) and in southern
centres (Ragusa, Naples and Florence). Sauces, essentially
tomato-based in these centres, are a strong characteristic
of the diet in Ragusa and Varese for both genders but not in
the other Italian centres, where consumption is around or
below the EPIC mean. Alcohol is a characteristic of diet in
men in Varese (124%) and to a lesser degree in Turin in
both genders, compared with the other centres. Whereas
fresh meat consumption is about 10—20% higher than the
EPIC mean in men from Varese and in women from
Florence, Turin and Ragusa, it is closer to or below the
EPIC mean elsewhere.

In contrast to fruit, vegetables are a relatively less
important dietary characteristic in Italy, where consump-
tion is around or below the EPIC mean, except in Turin
(~135%) and to a lesser extent in Florence (~112%) in
both genders. Consumption of potatoes is relatively low
but similar across centres. Milk, butter and processed meat
consumption is around or below the EPIC means and
follows a geographical gradient, with ~30% to ~060%
higher intakes in northern centres compared with
southern centres, and vice versa for fish and eggs (in

N Slimani et al.

men). Coffee, tea, soft drinks and juices are consumed
relatively rarely in most centres and margarines and butter
(in southern centres) are not consumed.

Greece

The Greek diet is strongly characterised by plant food
groups such as vegetable oils, legumes and vegetables in
both genders, when compared with the EPIC means (Figs.
2a and 2b). In contrast to Italy and Spain, vegetable
consumption is much higher than fruit consumption, with
the latter below the EPIC mean in both genders.
Consumption of cereal products is around the EPIC
mean for both men and women. Consumption of animal
products is around the mean for fish in men and below for
fish in women, as are dairy products, fresh meat, eggs and
milk for women. Alcohol (particularly among women),
meat, juices, sugar products, cakes, soft drinks, potatoes
and sauces and, to a greater extent, butter, coffee,
margarine, processed meats and tea (<30%) are not
important components of the Greek diet, when compared
with the EPIC means.

Spain

Spain has a complex dietary pattern characterised by a diet
rich in both plant foods (legumes, vegetable oils, fruits and
vegetables, except in Asturias) and animal food groups,
particularly seafood, eggs and milk, but with important
local variations (Figs. 3a and 3b). Consumption of
legumes, fish and eggs are important dietary character-
istics in all of the Spanish centres, but particularly in
northern centres. Milk is consumed relatively highly all
over Spain in women, but greater centre differences are
observed in men. High consumption of fresh (and
processed) meat and alcohol (in men) is more character-
istic of northern centres. Potato consumption is within
+10-15% of the EPIC mean, with 30-35% differences
across centres. Consumption of cereal products, juices,
soft drinks, cakes and sugar products is relatively low in all
centres, except in Murcia where cake intake is around the
EPIC mean. Tea, butter, margarine, coffee and sauces are
not characteristic of the diet in any of the Spanish centres
when compared with the EPIC means.

France

In France, the four large geographical regions cover the
entire country, including inland, Atlantic and Mediterra-
nean areas. However, the same main food groups (i.e.
butter, dairy products, fresh meats, alcohol and, to a lesser
extent, vegetables) characterise the diet in these regions
compared with other EPIC centres, although with different
orders of magnitude (Fig. 4). Butter consumption is higher
in the North-west (290%) and North-east (243%) compared
with the South (207%) and South coast (167%), and tea is
consumed particularly in the North-west and South and to
a lesser degree elsewhere. In contrast, consumption of
dairy products, milk, eggs and fresh meat (except in the
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North-east, where it is higher) is quite similar across
regions. Consumption of alcohol is about 25-30% above
the EPIC mean, except in the South where it is lower than
elsewhere in France. Fruit consumption is slightly below
the EPIC mean whereas vegetable intake is higher in all
regions (113-132%). Fish products are an additional
strong characteristic of the North-west region (140%), but
consumption is around the EPIC mean in the other
regions.

Although consumption is around or below the EPIC
mean, great variation (=25%) by regions is also observed
for potatoes, vegetable oils, legumes, coffee, cakes and
margarines, whereas consumption of processed meats,
juices, fruits, sugar products, cereals and milk varies only
from 8% to 15% by region. Soft drinks, margarine, milk and
vegetable oils (except in the South) are the food groups
consistently less consumed in France than in the other
EPIC centres.

Germany

In both German centres, the same food groups
characterise diet, i.e. butter, juices, followed by processed
meat and coffee, with different orders of magnitude when
compared with the EPIC means (Figs. 5a and 5b).
Margarine is a further important characteristic of diet in
Potsdam (formerly in East Germany) (>230%) but not in
Heidelberg (<60%). To a lesser extent, potato consump-
tion is greater in Potsdam than in Heidelberg, and vice
versa for alcohol in women. Other food groups with lower
relative consumption, such as soft drinks and sauces, show
values =25% higher in Heidelberg than in Potsdam and
inversely for fruits (men). Both centres are characterised
by relatively low consumption of vegetable oils, legumes,
fish products and milk.

The Netberlands

As the Utrecht cohort includes only women, no cross-
centre comparison can be made for men between the two
Dutch centres. The dietary pattern in The Netherlands is
dominated by margarine, tea, coffee, dairy products, sugar
products, potatoes, processed meats, juices (women) and
soft drinks (men), with consumption 25—-150% above the
reference EPIC means (Figs. 6a and 6b). Except for butter
and juices and alcohol in men, which are 10—15% above
the EPIC means, all of the other food groups have a
relative consumption around or below the EPIC mean.
Marked differences are, however, observed among
women, with higher values in Utrecht than in Bilthoven
for tea, milk, dairy products and fruit, and vice versa for
soft drinks and, to a lesser degree, sugar products,
margarine and coffee. Vegetable oils, legumes, fish
products and, to a lesser extent, vegetables and fruits
(particularly in Bilthoven) are not typical of the Dutch diet.

United Kingdom
Various beverages (tea, soft drinks, and to a lesser extent,

N Slimani et al.

coffee and alcohol in women), butter, margarines, milk,
sauces, cakes, potatoes and sugars (men) are major
characteristics of the diet of the British general population
when compared with the EPIC means (Figs. 7a and 7b).
The consumption of juices and dairy products is about 10—
20% above the mean whereas for the other food groups it
is around or below the EPIC means. Vegetable oils and
legumes (men) and, to a lesser degree, fresh meat and
fruits are food groups that are eaten in relatively smaller
amounts by the British general population.

The British ‘health-conscious’ cohort includes a hetero-
geneous group of ovo-lacto vegetarians, pure vegans, fish
(but not meat) eaters and meat eaters. The relatively low
intake of animal products and the exclusive consumption
of soy products (=1600% deviation from the EPIC mean,
value not reported), compared with the other centres, are
the principal dietary characteristics of this population.
Animal products such as fresh meat, processed meat, eggs
and fish products are the food groups less representative
of this population (=40%), although dairy products, milk
and particularly butter (140%) are consumed in greater
amounts. As in Spain and Greece, a relatively high
consumption of legumes is a characteristic of their diet,
particularly in women (185%), compared with the other
EPIC centres, whereas vegetables and fruits are a relatively
weak characteristic, but still ~30-45% above consump-
tion in the general population. Consumption of potatoes
and cereal and cereal products is near the EPIC mean
intake in men and 25% and 10% higher, respectively, in
women. The relative consumption of alcohol is around the
mean in women and more than 30% below in men. Fat
intake comes mainly from margarines, butter (and sauces),
all high markers of the health-conscious diet; vegetable
oils, although more widely consumed than in the general
British population, are not characteristic of the health-
conscious diet, compared with the EPIC mean. The
‘health-conscious’ group differs from the general popu-
lation for both sexes. Differences between the two group
populations are large and range from ~ 15% (e.g. sauces)
to =1642% (soy products).

Denmark

In Denmark, coffee, soft drinks, alcohol, margarine and
tea are primary characteristics of the diet when compared
with the EPIC means, but with variations by sex and centre
(Figs. 8a and 8b). Among men, consumption of sauces,
sugars, potatoes and milk (only in Aarhus), and among
women (from Aarhus only) eggs, cereals and cereal
products, sauces, potatoes and sugar products, is about
20-30% above the mean. The Danish diet is also
characterised by several other food groups with con-
sumption around or 15% above the EPIC mean such as
dairy products, fresh meats, milk, fish (Copenhagen) and
eggs (except women in Aarhus). Consumption of most of
the other food groups is below the EPIC means,
particularly for vegetables and fruits (except women in
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Aarhus) and, to an even greater degree, for legumes and
vegetable oil.

Sweden

In Sweden, margarine, sauces, coffee, potatoes, sugar
products, processed meats and cakes dominate the diet in
both centres and genders, but with different orders of
importance by sex and centre, when compared with the
EPIC means (Figs. 92 and 9b). Milk (men), dairy products
and soft drinks are further strong specific characteristics of
the diet in Umea (152-181%). Although consumed
relatively less, coffee, sauces and juices have greater
values in Malmo than in Umed. All of the other groups
have consumption around or below the sex-specific EPIC
means with intakes varying across centres and genders.
Consumption is particularly low for vegetable oils,
legumes, butter and, to a lesser extent, fruits, vegetables
and alcohol (Umed).

Norway

The Norwegian cohort only included women. Soft drinks,
coffee, margarine, processed meats, juices, sauces and, to
a lesser extent, sugar products, characterise the diet in
both regions (Fig. 10). Fish products (173%) and potatoes
(145%) are further important markers of women’s diet in
the North & West region, although consumption is still
relatively high (~120%) in the South & East region
compared with the EPIC means. Intakes of milk, eggs,
cereal and cereal products, dairy products and cakes
(South & East) are within £5-10% of the EPIC means in
both centres, whereas intakes of most of the other food
groups are below the EPIC means. Legumes, vegetable oils
and, to a lesser extent, butter, fruit and vegetables are not
characteristic of the Norwegian diet in either centre.

Discussion

The EPIC study was initiated in 1992 with the aim of
combining several large European cohorts selected to
maximise differences both in dietary exposure and disease
outcome®. The objective of this analysis was to describe
and highlight the contrasts in dietary patterns observed
across study centres, by comparing consumption of
multiple food groups relative to the overall EPIC means.
The comparison of absolute intakes across centres, which
is discussed in detail elsewhere in this supplement®>?” %3,
was therefore not the main concern of our study.

Our analysis has led to a first major conclusion that large
differences in dietary patterns exist between the 27
Western European centres participating in EPIC. Different
types, numbers and magnitudes of consumption of food
groups characterise these various dietary patterns. With
few exceptions, we consistently observed that the number
of food groups dominating the diet tends to increase from
the Mediterranean dietary patterns observed, particularly
in the Greek and Italian centres, to more or less

1321

pronounced Western dietary patterns observed elsewhere,
with a strong south—north gradient within and between
countries. Overall, we observed that in most of Western
Europe, diets tended to be more heterogeneous than the
Mediterranean diets, with a wider variety of food groups
consumed; these are, however, essentially of animal origin
or highly refined/processed, although exceptions and
intermediate stages exist. However, the average total
number of food items consumed per day is quite similar
across centres’'. Further investigations on food choices,
food consumption diversity and meal patterns will help us
better to understand the differences in dietary patterns
across the EPIC centres.

The analysis of the EPIC data presented here also
showed that although considerable differences in diet
were observed between centres, dietary patterns are
markedly distinguishable from one country to another.
Apart from the atypical UK ‘health-conscious’ population,
which should be considered separately, the EPIC country-
specific dietary patterns can be classified broadly into
three main categories.

Overall, Italy and Greece have different dietary patterns
but both are characterised by plant foods (except
potatoes), with a lower consumption of animal and
processed foods than the other EPIC countries.

France and, to a greater degree, Spain have a more
heterogeneous dietary pattern. The average Spanish diet,
for example, is characterised by high consumption of both
plant foods (legumes, vegetable oils, fruits and vegetables)
and animal products such as fresh meat, eggs, processed
meat, fish, milk and alcohol (men), but varies by centre
and gender.

In contrast, the diet in the Nordic countries, The
Netherlands, Germany and the UK general population was
relatively high in potatoes and animal, processed and
sweetened foods, with proportions varying across
countries, indicating additional country- and centre-
specific dietary patterns. Other common characteristics
of these countries are that consumption of vegetables and
fruit is about or below the overall EPIC means, and that
legumes and vegetable oils are not typical of their diets.

The ‘health-conscious’ group in the UK reported an
atypical diet different from that of the UK general and
other EPIC populations. The diet is closer to Italy and
Greece with respect to legumes, vegetables and fruits, but
with lower consumption. In addition, soy products, which
are not reported in this analysis, are consumed almost
exclusively by this population group™. However, apart
from characteristics associated with vegetarian eating
habits, the UK ‘health-conscious’ group also exhibits a
high consumption of tea, cakes, soft drinks, margarine and
butter, as observed in the UK general population and other
central and Nordic countries.

It is also interesting to note that the overall dietary
patterns are similar between genders, although compared
with different sex-specific EPIC means. However, the
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magnitude and ranking of relative food consumption
across centres varied between genders for certain food
groups. For example, we consistently observed a
combined geographical/gender trend in alcohol con-
sumption. In Spanish centres and Greece, the deviation
from the sex-specific EPIC mean was consistently higher in
men than in women for alcohol, and inversely in most of
the other central and particularly Nordic centres.

Dietary patterns were similar when crude or adjusted
means were used in the analysis, although adjustment for
age, day of the week and season did affect the magnitude
of the deviations from the EPIC means (data not shown).
When total energy intake was added to the model, the
overall patterns were very similar in most centres and
genders, particularly for women (data not shown).
However, greater differences were observed between
the values obtained with the model that included total
energy intakes and the one that did not, particularly in
Greece, San Sebastian (Spain) and, to a lesser extent,
Aarhus (Denmark) (women), suggesting a higher degree
of underreporting or other possible factors. This is
discussed in greater detail elsewhere in this supplement**.

These overall results must, however, be interpreted with
caution as, even within food groups, considerable
heterogeneity in consumption of products may exist
across centres. For example, in our analysis we compared
the average volume of coffee drunk across centres,
independently of the active compounds contained and
method of preparation. Further details on food items (e.g.
expresso vs. filter coffee), redefinition of food groups and/
or composition or biomarker data would be required in
order to study, for example, the consumption of caffeine
and its association with diseases. In addition, the non-
inclusion of the food group ‘soups’ in this analysis means
that consumption of vegetables or legumes (e.g. in
Sweden) may have been underestimated, although this is
unlikely to have affected the ranking of consumption
across centres. Moreover, the data presented in this paper
were obtained from individuals using a highly standar-
dised methodology and the mean 24-HDR intakes should
provide, in most centres, relatively reliable estimates at the
EPIC population level.

However, the EPIC study cohorts are not designed to be
representative of their countries; consequently extrapol-
ation to general populations or to other studies should be
made with caution. Furthermore, although other useful
dietary data (e.g. food balance sheet or household budget
survey data) for between-country comparisons exist*>*,
they have several methodological limitations*’, which
means that no direct comparison can be made with
individual estimates, particularly overall dietary patterns.
Further work is needed to compare these different sources
of dietary data.

This first overall analysis of EPIC data confirms a
number of general trends in dietary patterns observed
elsewhere. The Mediterranean centres involved in EPIC

N Slimani et al.

indirectly show an evolution in their traditional diets
towards a more Western diet with different intermediate
stages in Spain, France and the northern Italian centres.
During the last 30—40 years, substantial changes in diet
have been observed in both northern European and
Mediterranean countries, reducing the differences tra-
ditionally existing between European dietary patterns*®%;
the phenomenon is accelerating among younger gener-
ations* ™. Over this period, Greece®® and more markedly
Italy>* and Spain®® have increased their consumption of
animal products (i.e. meat, eggs, milk and dairy products)
and decreased that of cereals while conserving some of the
main features of their traditional Mediterranean diet (i.e.
high consumption of fruits, vegetables, legumes, fish, olive
oil), with even an increase in fruit and vegetable intakes.

Nordic and central European countries have also
changed their different traditional diet to more Western
diets. These changes are characterised particularly by a
decrease in cereal and potato consumption and an
increase in animal and processed foods™® =, For example,
as suggested by the comparison of food supply data from
the Food and Agriculture Organization for 1960—1990°,
they have also increased their consumption of meat in
varying degrees, but less rapidly, as intake was already
higher in the 1960s than in the Mediterranean countries
(except France). It has been reported that diets in Nordic
countries are healthier than in the past, due particularly to
increased consumption of fruit and vegetables, although
desirable intakes have not yet been reached™”. These
healthy changes were associated with the availability of an
increased variety of foodstuffs, greater awareness due to
public health programmes started in the early 1950s, and
more openness to changes in diet®. Increased consump-
tion of total vegetable oils, but not particularly of olive oil,
was also observed in Nordic countries’®, but this was
essentially due to a substantial increase in margarine
consumption in recent decades. However, the type of
margarine consumed varies by centre, from pure
vegetable margarine in Germany to high intakes of
mixed-fat margarine (up to 70% of fat as dairy fao),
particularly in Sweden and Denmark®!.

Conclusions

This first multi-dimensional analysis of EPIC dietary data,
using a common methodology, has confirmed that there
are considerable differences in food group consumption
and dietary patterns between the study populations. This
heterogeneity should help to investigate the relationship
between diet and cancer and to formulate new aetiological
hypotheses related to overall dietary patterns and diseases.
Put in perspective, our data add further indirect support to
the observations that dietary patterns in Western societies
are changing continuously and lead to the following
recommendations for the future.

d61—64

As other authors have state , there is a need to
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identify and better define or redefine the different variants
of dietary patterns®*®~% that deviate from the original
Mediterranean diet as observed more than 40 years ago®’,
as well as the different forms of Western diets existing in
Europe, as suggested by our data and others*%8=72,

These dietary changes and their determinants should be
monitored over time with repeated measurements using a
common methodology at the national and international
level, with particular attention to younger generations.

As Willett’® has pointed out, a future challenging area of
nutritional research is the analysis of dietary patterns and
their association with chronic diseases, as the main dietary
exposure or as a covariate, to control for confounding in
univariate analyses considering one specific dietary
component.
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