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Abstract

Until recently, the study of nutrient patterns was hampered at an international level by a lack of standardization of both
dietary methods and nutrient databases. We aimed to describe the diversity of nutrient patterns in the European
Prospective Investigation into Cancer and Nutrition (EPIC) study at population level as a starting point for future nutrient
pattern analyses and their associations with chronic diseases in multi-center studies. In this cross-sectional study, 36,034
persons aged 35-74 y were administered a single, standardized 24-h dietary recall. Intake of 25 nutrients (excluding intake
from dietary supplements) was estimated using a standardized nutrient database. We used a graphic presentation of
mean nutrient intakes by region and sex relative to the overall EPIC means to contrast patterns within and between 10
European countries. In Mediterranean regions, including Greece, ltaly, and the southern centers of Spain, the nutrient
pattern was dominated by relatively high intakes of vitamin E and monounsaturated fatty acids (MUFA), whereas intakes
of retinol and vitamin D were relatively low. In contrast, in Nordic countries, including Norway, Sweden, and Denmark,
reported intake of these same nutrients resulted in almost the opposite pattern. Population groups in Germany, The
Netherlands, and the UK shared a fatty acid pattern of relatively high intakes of PUFA and SFA and relatively low intakes of
MUFA, in combination with a relatively high intake of sugar. We confirmed large variability in nutrient intakes across the
EPIC study populations and identified 3 main region-specific patterns with a geographical gradient within and between
European countries.

Introduction

' Supported by the European Commission: Public Health and Consumer . . . . .
Protection Directorate 1993-2004; Research Directorate-General 2005; Ligue 1 he study of dietary patterns and their relation to disease is an

contre le Cancer (France); Société 3M (France); Mutuelle Génerale de I'Education alternative to the traditional approach focusing on single foods
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or nutrients. Because people eat meals consisting of a variety of
foods and many combinations of nutrients, the traditional
approach may be inadequate for taking into account interactive
effects on the bioavailability, circulating levels, and metabolism
of nutrients. It is less complex from a methodological point of
view and relevant from biological and physiological point of
view, to analyze a small number of patterns than an array of in-
dividual foods and intakes of nutrients that are inter-correlated.
Another advantage of a dietary pattern approach is a possible
gain in statistical power.

Most dietary pattern analyses have been conducted on usual
food consumption derived from dietary questionnaires using
statistical data reduction techniques, like factor or cluster
analysis, to empirically derive patterns. These approaches aim
to summarize a large number of correlated dietary variables
(foods, food groups, nutrients, or biomarkers) into fewer inde-
pendent components explaining most of the dietary variance
(so-called “dietary patterns”). Some of this work has been
reviewed by Newby and Tucker (1), Kant (2), Waijers et al. (3),
and Roman-Vinas et al. (4).

In contrast to food pattern analyses, limited work has been
done on patterns of nutrient intake. Only 3 published studies
(5-7) were reported in the review by Newby and Tucker (1).
More recently, 3 case-control studies (8-10) derived nutrient
patterns at a national level using factor analysis and related these
patterns to the risk of cancer.

Compared with food patterns, studying nutrient patterns
may have several advantages, particularly in international study
contexts. Nutrients are functionally not exchangeable and,
despite greater differences in food patterns, the same nutrients
are consumed across populations with, for most of them, no or
low rates of nonconsumers, which should facilitate the use and
generalization of nutrient pattern approaches across populations.
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In the European Prospective Investigation into Cancer and
Nutrition (EPIC)%* calibration study, a single 24-h dietary recall
(24-HDR) was collected by interview from almost 37,000
participants using the same standardized computerized dietary
software (EPIC-Soft) (11,12). Together with a recently compiled
standardized nutrient database (13), these data allowed for the
first time a reliable comparison of energy and nutrient intakes
across European countries (14).

In this paper, we propose to complement these already
published results on individual absolute nutrient intakes by
expressing nutrient intakes graphically relative to a common
denominator. Such analysis is expected to contrast and maxi-
mize the inherent heterogeneity in nutrient intakes within and
between countries and may thus help to capture underlying
patterns in the data. These results may then be used in the
interpretation of future empirically derived nutrient patterns in
the international EPIC study.

The aim of this article is to identify and describe the diversity
of nutrient patterns in the EPIC study at the population level as
derived from a standardized 24-HDR and a standardized
nutrient database.

Participants and Methods

Study population. The EPIC calibration study was nested within the
EPIC study, a multi-center cohort study that aimed at investigating the
association between diet, cancer, and other chronic diseases across 10
European countries: Denmark, France, Germany, Greece, Italy, The
Netherlands, Norway, Spain, Sweden, and the United Kingdom
(12,15,16). The original 23 administrative EPIC centers were reclassified
into 27 centers (regions) according to a geographical south-north
gradient. Nineteen of the 27 EPIC centers had both female and male
participants and 8 recruited only women: those in France (4 centers),
Norway (2 centers), Utrecht (The Netherlands), and Naples (Italy).

The calibration study was undertaken between 1995 and 2000 to
express individual dietary intakes according to the same reference scale
and to partially correct the diet-disease associations for attenuation due
to measurement errors (17). The calibration population sample consisted
of 36,994 participants, i.e. a ~8% stratified random sample of the total
EPIC cohort. The average response rate in the calibration study was
78.3% and ranged from 46.5% to 92.5% across countries (12).

A total of 36,034 participants with 24-HDR data were included in
this analysis after exclusion of 960 participants aged <35 or >74 y
because of low participation in these age categories. Approval for the
study was obtained from the ethical review boards of the International
Agency for Research on Cancer (Lyon, France) and from all local
recruiting institutes. All participants provided written informed consent.

Measurements of diet and other lifestyle factors. Details of
measuring diet in the calibration study have been published previously
(12,18-20). In brief, each participant provided a single 24-HDR in a
face-to-face interview, except in Norway where it was obtained through
a telephone interview, as a validated alternative approach (21) using a
computerized interview program named EPIC-Soft (11).

Energy and nutrient intakes were calculated from the 24-HDR using
country-specific food composition tables that were standardized across
countries in collaboration with the national compilers to allow compar-
isons at the nutrient level. The EPIC Nutrient Database (ENDB) project
outlines in detail the methods used to standardize the national nutrient
databases across the 10 countries for 25 priority nutrients (plus water
and energy) (13).

35 Abbreviations used: ENDB, European Prospective Investigation into Cancer
and Nutrition Nutrient Database; EPIC, European Prospective Investigation into
Cancer and Nutrition; MUFA, monounsaturated fatty acid; 24-HDR, 24-h dietary
recall.
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Nutrient intake from dietary supplements was not included in this
analysis due to the current lack of available compositional data at the
European level, but the type and frequency of use in the EPIC calibration
study is described elsewhere (22).

Data on other lifestyle factors, including education level, physical
activity, and smoking history considered in this analysis were collected at
baseline through standardized questionnaires and have been described
for the calibration sample elsewhere (12,16,23). The mean time interval
between these baseline questionnaire measures and the 24-HDR
interview varied by country, from 1 d to 3 y later (12). Data on age as
well as body weight and height were self-reported by the participants
during the 24-HDR interview (12).

Statistical analysis. To compare nutrient patterns across the 27 EPIC
centers, the arithmetic mean intake for the ith nutrient, m(i), was
calculated by sex and center for each of the 25 nutrients. The overall sex-
specific EPIC mean intake, M(i), was also calculated for the same
nutrients as the arithmetic mean of the center mean intakes. To express
variation in center mean intakes from the overall EPIC mean, percentage
nutrient intake relative to the EPIC mean was calculated for each
nutrient, by sex and center, as: 100% X [m(i)/M(i)].

A multi-dimensional “radar” graphic presentation of the relative
nutrient intakes was used to illustrate contrasts in nutrient patterns by
sex and center; their corresponding values are provided in the Supple-
mental Table 1. Sex-specific 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 intake of a nutrient is
above 100%, it indicates that the given center is characterized by a
relatively high intake of that nutrient 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 men and women (0-
150%). The end peaks of means exceeding 150% are not reported in the
graphs but are indicated in the Supplemental Table 1.

Before calculating M(i), mean individual intakes were adjusted for age
and weighted by season and day of the week of recall using generalized
linear models to control for different sampling procedures of the 24-HDR
interviews across seasons and days of the week. Total energy intake,
height, and weight were also added to the model to correct for physiologic
characteristic differences of the participants across the centers.

We also investigated the independent effect of adjustment for several
potential confounders, including smoking status, educational level, and
physical activity, on center ranking and on the R* of the fixed effects model
as an estimation of the variability of mean nutrient intakes that can be
explained by the potential confounder.

All analyses were conducted using the SAS statistical software (version
9.1, SAS Institute).

Results

Figures 1-3 show the adjusted mean daily intake of 25 nutrients
for women relative to the overall sex-specific EPIC mean
intake of the respective nutrient across 10 European countries.
Corresponding graphical presentation for men is available in
Supplemental Figure 1. Country results are stratified by sex and
center (if applicable) and discussed according to a south-north
gradient.

Greece. Relative to the EPIC means, participants in Greece
reported particularly high intakes of vitamin E and monounsat-
urated fatty acids (MUFA) and in contrast, a low intake of
cholesterol (Fig. 1A and Supplemental Fig. 1A). Intakes of
phosphorus, calcium, iron, and total fat, reflecting the higher
MUFA intake, were also relatively high. For example, phospho-
rus intake in men exceeded the EPIC mean by more than one-
third (Supplemental Fig. 1A).

Spain. We observed diverse nutrient patterns within Spain,
depicting a geographical gradient (Fig. 1B and Supplemental Fig.
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1B). However, consistently below the EPIC mean was the intake
of retinol (up to 53%). In all centers, alcohol intake was below
the EPIC mean in women, but not in men. We observed a south-
north gradient in both men and women regarding intake of
MUFA and vitamin C, which exceeded the respective EPIC
means markedly in the southern centers (Granada and Murcia),
and Navarra for MUFA, but less so in the northern centers
(Asturias and San Sebastian). We observed a reverse picture
regarding intake of vitamin D, vitamin B-12, cholesterol, total
protein, and iron, with intakes exceeding the corresponding
EPIC means in northern centers and intakes approximately
equal to EPIC means in the southern centers.

Italy. A relatively high intake of starch in all centers and both
men and women, which exceeded the EPIC mean by up to 44%
was characteristic for Italy (Fig. 1C and Supplemental Fig. 1C).
In contrast, intakes of vitamin D and retinol were markedly
below the respective EPIC means (except for retinol intake in
women from Florence). For example, vitamin D intake of men
living in Varese was 70% below the EPIC mean (Supplemental
Fig. 1C). Alcohol intake differed considerably between centers
for men and women and was ~50% below the EPIC mean in
Ragusa and, in contrast, ~28% above the EPIC mean in Turin.
Intake of MUFA exceeded the EPIC mean in women (up to 25%
in Ragusa), but not in men.

France. Characteristic for France was the relatively high intake
of B-carotene contrasted by a relatively low intake of vitamin D
(Fig. 1D). Less pronounced, but consistently above the EPIC
means, were intakes of riboflavin and SFA in all 4 regions of
France. We observed similar high intakes relative to the EPIC
means for vitamin B-12 and alcohol, except for the south of
France. In the 2 centers in the north, we observed relatively high
intakes of magnesium and cholesterol.

Germany. In the 2 German cohorts, intakes of retinol, -
carotene, vitamin E, PUFA, and SFA were consistently above the
respective EPIC means (Fig. 2A and Supplemental Fig. 1D). For
example, retinol intake in men living in Potsdam exceeded the
EPIC mean by 44% (Supplemental Fig. 1D). In contrast, intakes
of starch, total protein, and MUFA were consistently below the
respective EPIC means. All other deviations from EPIC means
were of lesser magnitude, except for alcohol intake in women
from Heidelberg, which exceeded the EPIC mean by 44% (Fig.
24).

The Netherlands. In the Netherlands, intakes of retinol, sugar,
and vitamin D were relatively high and in contrast, intakes of 8-
carotene, vitamin B-12, cholesterol, and MUFA were below the
respective EPIC means (Fig. 2B and Supplemental Fig. 1E). In
women, alcohol intake exceeded the EPIC mean in both centers,
but this was more pronounced in Utrecht. In Bilthoven, but not
in Utrecht, participants reported a relatively high intake of
PUFA, particularly men (Supplemental Fig. 1E).

United Kingdom. Reported nutrient intakes in the UK general
population deviated less extremely from the overall EPIC means
(Fig. 2C and Supplemental Fig. 1F). However, mean intakes of
thiamin, riboflavin, vitamin B-6, and sugar exceeded the respec-
tive EPIC means by up to 37%. In addition, the alcohol intake of
women exceeded the EPIC mean by ~50%. In contrast, intake of
MUFA was ~20% below the EPIC mean in men and women.
The UK cohort also includes a heterogeneous group of ovo-
lacto vegetarians, pure vegans, and fish (but not meat) eaters.
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Characteristic for that group was the high intake of thiamin, which
exceeded the EPIC mean by ~50% and in contrast, the low intake
of vitamin B-12 and cholesterol (~50% below the EPIC means).

Denmark. Participants in Denmark reported relatively high
intakes of retinol and alcohol, and in contrast, relatively low
intakes of vitamin E, vitamin C, and MUFA (Fig. 2D and
Supplemental Fig. 1G). Particularly in women, alcohol intake
exceeded the EPIC mean by >2-fold in Copenhagen and by 70%
in Aarhus. In women, particularly in Aarhus, B-carotene intake
exceeded the EPIC mean, but not in men (Supplemental Fig.
1G). Intake of SFA markedly exceeded the EPIC mean in men
(~25%) but less so in women (~9%).

Sweden. Participants in Sweden reported a particularly high
intake of retinol, which exceeded the EPIC mean by 2-fold, a
high intake of vitamin D (~80% above the EPIC mean) as well
as a high intake of SFA (~34% and ~20% above the EPIC mean
in men and women, respectively) (Fig. 3A and Supplemental Fig.
1H). In contrast, intake of several nutrients was relatively low, at
least 10% below the corresponding EPIC means. This was
particularly the case for B-carotene, vitamin E, alcohol (partic-
ularly in Umea), vitamin C, dietary fiber, and iron.

Norway. Norwegian women reported relatively high intakes of
retinol, vitamin D, and to a lesser extent, PUFA and SFA, and in

contrast, relatively low intakes of vitamin E, vitamin B-6,
MUFA, alcohol, vitamin C, and iron (Fig. 3B). In the south-east
of Norway, B-carotene intake was also below the EPIC mean,
by ~20%.

Discussion

In this work, we depicted the diversity of nutrient patterns across
10 European countries participating in the EPIC study by
expressing the intake of 25 nutrients relative to the overall EPIC
means. Thus, we aimed to highlight nutrients that exhibit a large
variability in intake among these countries. This analysis
complements the comparison of absolute intakes across the
EPIC study populations, which is discussed in detail elsewhere
(14).

We identified 3 main region-specific patterns. In Mediterra-
nean regions, including Greece, Italy, and the southern centers of
Spain, the nutrient patterns were dominated by relatively high
intakes of vitamin E and MUFA, whereas intakes of retinol and
vitamin D were relatively low. In contrast, in Nordic countries,
including Norway, Sweden, and Denmark, reported intake of
these same nutrients resulted in almost opposite patterns.
Germany, The Netherlands, and UK general population shared
a fatty acid pattern of relatively high intakes of PUFA and SFA,
and relatively low intakes of MUFA, in combination with a
relatively high intake of sugar.
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The differences described above can be explained by a diet
high in plant foods and olive oil in Greece, Italy, and to some
extent also in Spain (24,25). In contrast, the diet in Nordic
countries, the Netherlands, Germany, and the UK general
population is characterized by a higher consumption of animal,
processed, and sweetened foods, including nonalcoholic bever-
ages and soft drinks and, more specifically, added fats and dairy
products, which are frequently fortified with retinol and vitamin
D in individual Nordic countries (24-27). The food sources of
PUFA in Germany and The Netherlands are mainly margarine
and processed meat (28). In Germany, the food sources of
vitamin E are margarine and sauces (26). Recently, a general
north-south gradient for the contribution of highly industrially
processed foods to overall food consumption in Europe has been
shown (29).

Although the nutrient patterns were quite similar between
centers within the individual Nordic countries, we observed
more heterogeneous patterns within Spain and to a lesser extent
also within France, where the recruited cohorts represented most
of the country. In these latter 2 countries, we observed
characteristics of both a Mediterranean nutrient pattern and a
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Western-like pattern (e.g. relatively high intakes of cholesterol,
SFA, animal protein, and vitamin B-12), explained by a
heterogeneous dietary pattern with high consumption of both
plant foods and animal products (24).

The nutrient pattern of the UK “health conscious” cohort
exhibits similar characteristics as the pattern of the UK general
population, as nonanimal food sources are similar (24). How-
ever, as expected, intakes of cholesterol, vitamin B-12, and
retinol, which are typical components of animal food sources,
were far below respective intakes of the UK general population
and EPIC means.

Within countries, the overall nutrient intakes were very
similar between men and women, with the exception of alcohol.
As described previously (24), men had a higher alcohol intake
relative to the sex-specific EPIC mean compared with women in
Spanish centers, Greece, and Italy (except in Florence and
Turin). The pattern was opposite in all other population groups.
Sex differences in drinking patterns are usually explained by
biological differences and social or cultural factors (30). Another
explanation of the differences observed might be a possible
country- and sex-specific underreporting of alcohol intake.
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defined by the AOAC.

Alcohol intake may also be seen as more of a lifestyle indicator
than a dietary pattern.

There was no large or consistent effect of other covariates
examined, i.e. smoking status, education, and physical activity,
on the shape of the nutrient patterns within countries or ranking
of centers. Regression analysis often resulted in significant
associations with nutrient intakes, particularly for educational
level and smoking habits, but there was no substantial effect on
overall nutrient patterns identified among the 10 countries.
Culturally acquired food habits in the different countries and/or
regions may thus have stronger effects on dietary patterns than
do other factors, such as socioeconomic status or lifestyle (e.g.
smoking).

The results presented are adjusted for total energy intake to
reduce variation caused by correlations of nutrients with total
energy intake. For the majority of the nutrients and in most
centers, analyses unadjusted for energy were ~5% different
relative to the EPIC means. In women from Aarhus, energy
adjustment reduced relative nutrient intakes by ~10%. Alcohol
intake was generally an exception, where energy adjustment
caused a drop in relative intake of up to 30% in women from
Aarhus and ~10% in some other centers. However, energy
adjustment did not change the overall shape of patterns within
countries or ranking of centers.

The overall food pattern, as described in Slimani et al. (24), is
much more diverse than the overall nutrient pattern observed in
the present study. This is expected, because various food sources
exist for many nutrients and several nutrients are ubiquitous in
many foods.

Similar to the heterogeneity in nutrient patterns between
countries and north-south regions are the findings regarding the
proportion of dietary supplement users in the same study
populations (22), where a ~10-fold difference in supplement use
has been described in women and an almost 100-fold difference
in men with a clear north-south gradient. However, the most
frequently used supplement ingredients are less different be-
tween countries. For example, vitamin C is among the most
frequently used ingredients in virtually all of the 10 European
countries either in men or in women or both, except for the UK

general population. Vitamins E, D, and A (retinol and B-
carotene together) are among the most frequently used ingredi-
ents in Nordic countries and in the UK, but not in southern
European countries, with the exception of Greece.

This study has a number of strengths. It is the largest study to
date describing nutrient patterns across several European
countries with a large geographical span, which allows compar-
isons between European regions. The same standardized com-
puterized dietary software (EPIC-Soft) was used to collect a
(single) 24-HDR by interview from almost 37,000 participants,
randomly selected from 27 regions in 10 European countries
(11,12). Furthermore, a standardized nutrient database, the
ENDB (13), was used to calculate energy and nutrient intakes
from the 24-HDR, making it possible to derive reliable nutrient
patterns across these countries.

A limitation of the study is that compositional data of some
nutrients of public health interest were missing in the ENDB [e.
g. folate, trans fatty acids, distinction between (n-6) and (n-3)
PUFA], which is because of a lack of information and standard-
ization of these nutrients across national food composition
databases and were thus not included in the analysis. In
addition, extrapolation to the general population of each region
or to other study populations should be made with caution,
because not all EPIC cohorts are population based.

These standardized comparisons of nutrient patterns across
several European countries will be used in subsequent analyses,
where nutrient patterns will be defined using multivariate data
reduction techniques and related to chronic diseases in the
international EPIC study. In this regard, the present work will be
helpful to provide an interpretation of the empirically derived
patterns. Furthermore, it may also help to evaluate the compat-
ibility of these patterns between countries. It is conceived to use
calibration against the standardized 24-HDR to evaluate
robustness of results obtained from country-specific question-
naire data of the entire EPIC cohort (17).

In conclusion, we confirmed a large variability in nutrient
intakes across the EPIC study populations and identified 3 main
region-specific patterns with a geographical gradient within and
between European countries. The presentation of mean nutrient
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intakes relative to the overall EPIC means captured both the
contrasts between nutrient intakes that may be approximately
independent and its variation across countries. Thus, our study
may not only aid in the interpretation of results of future
nutrient pattern analyses and their associations with chronic
diseases in multi-center studies but may also lead to improved
hypothesis generation in the field of nutritional epidemiology
addressing possible interactions between nutrients in diet-
disease associations.
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