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Obijective: To describe dietary protein intakes and their food sources among 27 redefined centres in 10 countries participating in
the European Prospective Investigation into Cancer and Nutrition (EPIC).

Methods: Between 1995 and 2000, 36 034 persons, aged between 35 and 74 years, were administered a standardized 24-h
dietary recall (24-HDR) using a computerized interview software programme (EPIC-SOFT). Intakes (g/day) of total, animal and
plant proteins were estimated using the standardized EPIC Nutrient Database (ENDB). Mean intakes were adjusted for age, and
weighted by season and day of recall.

Results: Mean total and animal protein intakes were highest in the Spanish centres among men, and in the Spanish and French
centres among women; the lowest mean intakes were observed in the UK health-conscious group, in Greek men and women,
and in women in Potsdam. Intake of plant protein was highest among the UK health-conscious group, followed by some of the
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Italian centres and Murcia, whereas Sweden and Potsdam had the lowest intake. Cereals contributed to the highest proportion
of plant protein in all centres. The combined intake of legumes, vegetables and fruit contributed to a greater proportion of plant
protein in the southern than in the northern centres. Total meat intake (with some heterogeneity across subtypes of meat) was,
with few exceptions, the most important contributor to animal protein in all centres, followed by dairy and fish products.
Conclusions: This study shows that intake of protein, especially of animal origin, differs across the 10 European countries, and
also shows some differences in food sources of protein across Europe.

Introduction

Dietary protein is an important macronutrient, contributing
to around 15-20% of the total dietary energy intake in
Western countries (CDC, 2004; Elmadfa and Weichselbaum,
2005).

Protein, which contributes essential amino acids, is vital
for human metabolism, and protein energy malnutrition is a
major issue in developing countries, especially among
children (WHO, 2000). Protein deficiency is, however, rare
in the Western world, where the mean intake from a mixed
diet is usually considerably in excess of recommended
protein and amino acid intakes, especially among meat
eaters (WHO/FAO/UNU, 2008). Protein-related health issues
in the Western world are, therefore, mainly focused on the
potential beneficial or harmful effects of high protein intake
and whether the source of protein is of importance in
relation to disease risk.

As protein is considered to increase thermogenesis
and satiety more than other macronutrients, attention has
lately turned to its potential beneficial effects on weight loss
and maintenance (Halton and Hu, 2004), but evidence
regarding this issue is still inconclusive (Nordmann et al.,
2006).

Another issue that is still unclear is whether all
sources of protein have the same impact on disease
outcomes. As an example, one study indicated that
plant proteins had a protective effect against coronary
heart disease mortality compared with animal proteins,
whereas no clear association with cancer incidence and
mortality was observed for any subtype of protein (Kelemen
et al., 200S5).

The association between protein and cancer risk has often
been assessed on the basis of the food sources of protein
rather than on the nutrient itself. Two of the main
contributors to animal protein, red and processed meat,
have been found to be consistently positively associated with
risk of colorectal cancer (WCRF/AICR, 2007). The main
explanation behind this association may, however, not be
directly related to animal proteins, but to haem iron and
endogenous N-nitroso components present in high concen-
trations in red and processed meat (Kuhnle and Bingham,
2007). In contrast, some researchers have suggested that

other important sources of animal proteins, such as fish, may
reduce the risk of colorectal cancer (Geelen et al., 2007)
without being able to disentangle any specific beneficial
effect of proteins.

In the European Prospective Investigation into Cancer and
Nutrition (EPIC) calibration study, a standardized computer-
assisted 24-h dietary recall (24-HDR) was administered to
almost 37000 participants on the basis of a representative
subsample from 23 centres across 10 European countries,
redefined into 27 centres for specific dietary analyses in EPIC
(Slimani et al., 2002a). Recently, the EPIC Nutrient Database
(ENDB) has harmonized the national nutrient databases,
making it possible to compare protein intakes and sources of
animal and plant proteins between participating countries
(Slimani et al., 2007).

In this descriptive paper, we examine the distribution of
intakes of total protein and subtypes of protein across the 27
redefined EPIC centres and different population subgroup-
ings. Furthermore, the contribution to protein intake from
different food sources is evaluated.

Materials and methods

Study cohort

The EPIC calibration study is nested within EPIC, which is an
ongoing prospective cohort study designed to investigate the
associations between diet, lifestyle and cancer throughout 10
Western European countries, namely, Denmark, France,
Germany, Greece, Italy, Norway, Spain, Sweden, the Nether-
lands and the United Kingdom (Riboli and Kaaks, 1997;
Riboli et al., 2002). The cohort comprises approximately
370000 women and 150 000 men, aged 20-85 years, enrolled
between 1992 and 2000. Participants were mostly recruited
from the general population residing within defined geo-
graphical areas, with some exceptions: women members of a
health insurance scheme for state school employees (France);
women attending breast cancer screening (Utrecht, the
Netherlands); blood donors (centres in Italy and Spain);
and a cohort consisting predominantly of ovo-lacto vegetar-
ians and vegans (‘health-conscious’ cohort in Oxford, UK)
(Riboli et al., 2002). A total of 19 of the 27 redefined EPIC
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centres had both female and male participants, and 8 centres
had only female participants.

Data presented in this paper were derived from the EPIC
calibration study (conducted between 1995 and 2000), in
which an approximately 8% stratified random sample (on
age, gender and centre, and weighted for expected cancer
cases in each stratum) of the total cohort completed a
standardized, computer-assisted 24-HDR. The calibration
study was conducted to improve the comparability of food-
frequency-derived dietary data across the EPIC centres and
to correct for potential measurement errors arising from
country- or centre-specific bias and random and systematic
within-person errors (Willett, 1998; Ferrari et al., 2004).
Previous publications outline in detail the rationale, meth-
odology and population characteristics of the 24-HDR
calibration study (Kaaks et al., 1994, 1995; Slimani et al.,
2002a; Ferrari et al.,, 2008). 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 institutions. All participants provided
written informed consent.

Measurements of diet and other lifestyle factors

The 24-HDR was obtained by face-to-face interviews, except
in Norway, where a telephone interview was conducted
(Brustad ef al., 2003). A computerized interview software
programme (EPIC-soft) was developed for the calibration
study (Slimani et al., 1999, 2000).

Intakes (g/day) of total protein were estimated from the
24-HDRs using, as starting point, country-specific nutrient
databases, which were standardized across countries as far as
possible to allow calibration at the nutrient level. The ENDB
project outlines in detail the methods used to standardize
the national nutrient data sets across the 10 countries: EPIC
foods were matched to national databases, the nutrient
values of unavailable foods were derived and missing values
were imputed (Slimani ef al., 2007).

All reported foods were classified as being of 100%
animal origin (defined as >95% animal origin); 100% plant
origin (defined as >95% plant origin); mixed origin; non-
organic; or unknown quantities of animal/plant origin (for
example, ready-to-eat dishes and cakes without any clear
declaration, or containing ingredients of mixed or unknown
origin). On the basis of this information, it was possible to
estimate the intake of protein of animal and plant origin. In
cases in which the origin was unclear (for example, in ready-
to-eat dishes and cakes), protein origin was classified as
‘unknown’.

Data on other lifestyle factors, including educational level,
total physical activity and smoking history, considered in
this analysis were collected at baseline through standardized
questionnaires and clinical examinations, and have been
described for the calibration sample elsewhere (Riboli et al.,
2002; Slimani et al.,, 2002a; Friedenreich et al., 2007;
Haftenberger et al., 2002a,b). Data on age, as well as on

body weight and height, were self-reported by participants
during the 24-HDR interview. The mean time interval
between these baseline questionnaire measures and the
24-HDR interview varied by country, from 1 day to 3 years
later (Slimani et al., 2002a).

Statistical methods

A total of 36 034 subjects with 24-HDR data were included in
the analyses, after a systematic exclusion of 960 subjects
under 35 and over 74 years of age because of low parti-
cipation of patients in these age categories.

Data are presented as mean (least square means) intakes
and s.e. (standard errors), stratified by study centre, gender
and age groups, and ordered according to a geographical
south-north gradient. Intakes of total protein, animal, plant
and unknown proteins are presented on the basis of main
protein-providing food groups. The food classification used
was adapted from the EPIC-Soft food subgroups described in
detail elsewhere (Slimani et al., 2000, 2002b). Food groups
that contributed large amounts of protein were further split
into subgroups.

‘Minimally adjusted’ intakes were adjusted for age (except
when stratified by age) and were weighted by season and day
of the week of recall using generalized linear models to
control for different distributions of 24-HDR interviews
across seasons and days of the week.

We examined the independent effect of adjustment for
several potential confounders—including height, weight,
total energy intake, body mass index (BMI), smoking status,
highest educational level and physical activity—on centre
ranking and on the R* of the model as an estimation of the
variability of protein intake that is explained by the potential
confounder. In ‘fully adjusted’ models, we decided to retain,
in addition to the co-variables used in the ‘minimally
adjusted’ model, total energy intake, weight and height.
The tables on total protein, animal, plant and unknown
mean intakes using the fully adjusted models are available
in the Appendix. In this model, tests for gender differences
in protein intake were also conducted. We also performed
stratified analyses to describe differences in intakes of
protein and its subgroups on the basis of BMI category
(<25, 25-30 and =30 kg/mz), educational level (none/
primary, secondary/technical and wuniversity), physical
activity (inactive, moderately inactive, moderately active
and active) and smoking status (never, former and current
smoker). These factors were selected a priori, as it was
thought that protein intakes might differ in these subgroups.
In the stratified analyses, gender- and country-specific
‘minimally adjusted’ mean intakes were presented across
variables of interest. Stratification was also performed for
season (spring, summer, autumn and winter) and day of the
week of the 24-HDR (Monday to Thursday versus Friday to
Sunday). These analyses were weighted for either day or
season, and were adjusted for age. If fewer than 20 persons
were represented in a cross-classification (for example,



centre, gender and age group), the least square mean
and s.e. are not presented in the table. Analyses were
performed using SAS (version 9.1, SAS Institute, Cary, NC,
USA).

Results

Minimal adjusted mean intake of total protein and protein of
animal, plant or of unknown origin

Centre-specific mean total protein intakes, stratified by
gender, centre and age, and weighted by season and
day of the week of recall, are presented in Table 1. For both
men and women, the highest mean daily intake of protein
was seen in San Sebastian (men 144g, women 94¢g) and
the lowest in the UK health-conscious group (men 72g,
women 60 g).

Mean intakes and s.e. of protein of animal, plant and of
unknown origin, stratified on the basis of gender and centre,
are presented in Table 2. (Further stratifications according
to age groups are presented on the EPIC website (http://
epic.iarc.fr).) As for total protein, the highest intake of
animal protein was reported in San Sebastian (men 105 g/day,
women 67 g/day) and the lowest among the UK health-
conscious participants (17 g/day for both men and women),
because their specific eating patterns involve a very low
consumption of animal foods (ovo-lacto vegetarians) or
none (vegans). Among the remaining centres, the lowest
intake of animal protein was seen in Greek men (52 g/day)
and in women in Greece and Potsdam (37 g/day).

For plant protein, the highest mean intake was seen in the
UK health-conscious group (men 51 g/day, women 39 g/day).
Among the remaining centres, the highest mean intake was
reported in Ragusa (men 42 g/day, women 27 g/day) and the
lowest in Malmo (men 26 g/day, women 20 g/day). The mean
intake of protein of unknown origin was generally low,
ranging from 2 to 8 g/day; it was the lowest in Greece and
in the Southern Spanish centres, and the highest in the
Netherlands and in the UK general population. Within each
centre, men had higher absolute intakes than did women of
both total protein and different subgroups of protein.
Looking across age groups, a tendency towards a lower
intake of total protein in older people and a higher intake in
younger age groups was observed in most but not all centres.
The same tendency, although less clear, was present for
animal and plant protein (data not shown but available on
the EPIC website (http://epic.iarc.fr)). Figures 1a and b show
the minimal adjusted mean intake of total and subtypes of
protein expressed as a percentage of total energy (%en),
stratified by gender and centre. In most centres, energy from
protein contributed 15-20% in both genders. A particularly
high percentage of energy intake from total protein was
noted in some of the Northern Spanish centres (20-21%en)
and from animal protein in the Northern Spanish (14—
15%en) and French centres (11-12%en), in contrast to low
values in the UK health-conscious group (12-13%en of total

protein and 3-4%en from animal protein). The energy
percentage from plant protein was fairly stable in most
centres and in both genders (about 5-6%en), except in the
UK health-conscious population, in which it was higher
(8-9%en). The contribution to the total energy of protein
of unknown origin was very marginal in all centres (0.3-
1.5%en). More details on main nutrient energy sources are
provided in a separate paper (Ocké et al, 2009).

Influence of adjustment for potential confounders

To evaluate whether the observed differences in protein
intake could be ascribed to systematic differences in body
composition and energy intake between the EPIC centres,
further adjustments for body height, weight and total energy
intake were performed. The fully adjusted mean intakes of
total protein, animal, plant and unknown protein, stratified
on the basis of gender and age groups and adjusted for age
(in analyses not stratified on age), energy, height and weight
and weighted by day of 24-HDR and season, are shown in the
Appendix (Tables A1-A4).

After adjustment, the estimated mean intake of total
protein was still highest in the Northern Spanish centres and
lowest in the UK health-conscious group. Although most
centres were not influenced, a notable impact on the
estimated mean protein intake was observed in the Greek
centre and in UK health-conscious men, where energy
adjustment especially increased the mean intake consider-
ably. In contrast, decreases in mean intake were observed in
women and men in Aarhus and in men in Varese and San
Sebastian. The same result was observed for animal and plant
proteins. Compared with the minimally adjusted models,
less clear systematic differences in intake across age groups
were observed. To test for any gender-specific effect on
protein intake, we tested for an interaction between gender
and centre in a fully adjusted model. Gender differences
were present for total protein and for both subgroups for
both absolute (g/day) and relative (%en) protein intake
(P<0.0001).

Dietary sources of protein
Not counting the UK health-conscious group, animal protein
accounted for 55-73% of total protein and plant protein
accounted for 24-39% (Table 2). In contrast, in the UK
health-conscious group, total protein was mostly of plant
origin (men 70%, women 65%), and only 23-29% of it was of
animal origin. The reverse extreme was observed in men in
San Sebastian, with a proportion of 73% animal protein and
24% plant protein. A small percentage of the protein was
considered to be of unknown origin (with contribution from
cakes being an important factor in all centres), ranging from
2 to 9% of total protein.

Tables 3a and b show the dietary contributors (%) to intake
of animal and plant protein in men and women. Dietary
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Figure 1 Minimally adjusted mean intake of subtypes of protein expressed as percentage of total energy, stratified by centre, adjusted for age
and weighted by season and day of dietary recall (a) men and (b) women.
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contributors to total protein and unknown protein are
available on the EPIC website (http://epic.iarc.fr).

Animal protein

For animal protein, the most important contributing food
groups were meat (red meat, poultry, game, processed meat
and offal), fish (fish and fish products, molluscs and
crustaceans) and dairy products (milk, yoghurt, cheese,
cream and dairy cream dessert), which together accounted
for 84-96% of animal protein (Table 3a). In addition, eggs
contributed 1-6%.

Total meat intake provided the highest contribution to
animal protein in all centres, except for the UK health-
conscious group and in Greek women, ranging from 39%
(Granada) to 57% (Florence) in women and from 41%
(Greece) to 64% (Heidelberg and Varese) in men, with some
heterogeneity when subtypes of meat were compared. In
most centres, the dominant type of meat was red meat,
whereas the contribution from poultry varied from <5% of
mean animal protein intake in the northern centres of
Norway and Sweden to 15-22% in the UK general popula-
tion and in some Italian centres. The contribution of
processed meat to mean animal protein intake also varied
markedly across centres, from 3% in Greece to 25-30% in
German men.

Dairy products provided the second largest contribution to
animal protein after meat, except for Spanish men, and
women in San Sebastian (where fish came second), for Greek
women (where meat and dairy contributed the same) and for
the UK health-conscious group (where dairy products were
the main contributors to animal protein).

The mean animal protein intake from fish represented
around 5% in the Netherlands, but around 19% or more for
women in Spain, Greece and North-West Norway. A similar
result was observed for men.

Plant protein

For plant protein, the most important food group was cereals
(contributing 42-69% in men and 35-61% in women), but
potatoes, vegetables, legumes and fruits also contributed to
vegetable protein, with differing importance across centres
(Table 3b).

The lowest contribution from cereals (<50%) was ob-
served in Spain (except for men in Navarra, 51%), Germany
and in the UK health-conscious group, whereas the highest
contributions (>60% for men and >55% for women) were
reported in Italy and Greece, and in most of the Scandina-
vian centres. The contribution from vegetables varied from
5% in Umea to 13% in Murcia and Turin for men and from
7% in North-West Norway to 24% in Murcia for women.
With few exceptions, lower contributions of protein from
vegetables were reported in Northern Europe. Among
women, vegetables constituted the second highest contri-
butor to plant protein in a majority of centres (clearest

exceptions were Umeda and Norway), whereas a more mixed
picture was observed for men. After cereals, legumes were the
most important contributors to plant protein among men in
most Spanish centres; for both men and women, a clear
south-north gradient was present for legumes, with the
highest contribution in Greece and Spain (6-16%), and the
lowest in Scandinavian countries (<1%, except for men in
Malmo, 2%). No clear south-north trend was observed for
the contribution of fruit, but lower contributions were
generally seen in Scandinavian countries for both genders.
However, when pooled into one group, the contribution
from vegetables, fruits and legumes showed a clear south-
north gradient; the contribution was >30% for women and
>26% for men in Spain and Greece, between 20 and 30% for
women and between 15 and 26% for men in Italy, France,
Germany, the United Kingdom and the Netherlands, where-
as it was <20% (women) and <15% (men) in Scandinavian
countries.

Potatoes contributed 5-10% of plant protein in most
countries except in Greece, Italy and France, where the
figures were below 5% in almost all centres. An indication of
a south-north gradient was seen for potatoes in men, being
the second largest contributor to plant protein among men
in most of the Scandinavian centres.

Cakes contributed to plant protein in some countries
(women 3-8%, men 1-6%) and also non-alcoholic beverages
(women 1-11%, men 1-13%, with a maximum in Germany
for both genders, followed by Denmark).

Stratified analyses
No systematic differences in total protein intakes were
observed when the participants were stratified according to
BMI (Table 4a). However, when the origin of protein was
considered, the highest mean intake of plant protein was
observed in the lowest BMI group in a majority of countries,
whereas a slight tendency towards a higher intake of animal
protein was seen in the highest BMI group, although this was
less consistent than that for plant protein.

When stratifying on the basis of educational level, we saw
a clear trend among women for plant protein (Table 4b),
wherein the highest intake was seen among women with the
highest educational level in most countries (apart from
Greece), whereas the lowest intake was primarily observed
among the least educated. For men, there was an indication
of south-north differences. In southern countries, a lower
intake of plant protein was observed among the most
educated men, whereas in the more northern countries,
the lowest intake of plant protein was reported among the
least educated. For animal protein, no clear differences across
educational levels were observed for women, whereas among
men, the highest intake was mainly observed among the
least educated.

No clear differences across physical activity levels were
seen for intake of total protein or its subgroups (Table 4c),
except for a weak indication of a higher intake of plant and
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Table 4a Minimally adjusted® mean daily intake of total, animal and plant protein by country and BMI groups

Country Men Women
BMIi< 25 kg/m? BMI 25-30 kg/m? BMI= 30 kg/m? BMI< 25 kg/m? BMI 25-30 kg/m? BMI= 30 kg/m?
Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e.
Total protein
Greece 89.6 2.5 88.8 1.4 88.0 2.0 63.0 1.5 64.7 1.2 59.0 1.2
Spain 123.6 2.1 126.7 1.2 127.0 1.9 87.8 1.2 85.8 1.1 81.1 1.5
Italy 107.2 1.7 104.8 1.3 99.4 2.8 74.8 0.8 73.9 0.9 76.7 1.3
France 84.3 0.5 84.8 0.9 89.0 1.8
Germany 89.3 1.5 90.1 1.1 93.8 1.8 65.4 0.8 65.0 1.1 67.5 1.4
The Netherlands 97.1 2.1 103.7 1.7 106.0 3.1 77.8 0.7 78.9 0.8 78.7 1.3
UK general population 88.3 3.2 93.0 2.6 92.2 5.3 69.9 1.6 72.9 1.9 68.9 3.1
UK health-conscious 70.0 4.0 74.0 7.7 — — 58.5 2.2 64.3 4.7 — —
Denmark 94.1 1.4 95.3 1.2 103.7 2.2 72.7 0.8 741 1.1 73.8 1.6
Sweden 97.9 1.2 92.3 1.0 91.1 2.0 72.4 0.7 70.7 0.8 69.1 1.2
Norway 76.8 0.8 73.0 1.3 76.0 2.5
Animal protein
Greece 52.4 2.2 52.8 1.2 51.7 1.7 39.0 1.3 38.4 1.0 33.0 1.1
Spain 83.8 1.8 88.1 1.0 90.5 1.7 60.1 1.1 58.8 1.0 54.1 1.4
Italy 62.3 5 61.1 1.2 56.6 2.5 43.3 0.7 44.1 0.8 46.7 1.2
France 55.3 0.4 57.5 0.8 61.8 1.6
Germany 54.4 1.3 56.8 1.0 61.5 1.6 38.8 0.7 38.8 0.9 41.1 1.3
The Netherlands 55.3 1.8 63.5 1.4 68.7 2.7 46.3 0.6 47.8 0.7 49.8 1.1
UK general population 50.3 2.8 53.7 2.3 54.2 4.6 40.0 1.4 42.9 1.7 37.1 2.7
UK health-conscious 13.3 3.5 21.2 6.7 — — 14.7 1.9 25.5 4.1 — —
Denmark 59.0 1.3 61.1 1.1 68.7 1.9 43.8 0.7 46.0 0.9 46.7 1.4
Sweden 62.1 1 59.3 0.9 61.2 1.8 45.8 0.6 45.5 0.7 44.8 1.1
Norway 46.3 0.7 45.8 1.1 46.9 2.2
Plant protein
Greece 35.1 0.9 34.5 0.5 34.8 0.8 22.1 0.6 24.7 0.5 24.7 0.5
Spain 35.7 0.8 34.8 0.4 335 0.7 25.0 0.5 23.7 0.4 23.8 0.6
Italy 38.5 0.7 37.5 0.5 36.5 1.1 26.2 0.3 25.1 0.4 25.6 0.5
France 25.4 0.2 23.4 0.3 23.5 0.7
Germany 29.5 0.6 28.5 0.4 27.8 0.7 22.3 0.3 21.6 0.4 21.7 0.6
The Netherlands 34.1 0.8 31.6 0.6 30.5 1.2 24.9 0.3 23.7 0.3 22.0 0.5
UK general population 31.0 1.2 31.0 1.0 29.1 2.0 243 0.6 24.2 0.8 24.0 1.2
UK health-conscious 52.5 1.5 46.5 2.9 — — 40.1 0.9 33.5 1.8 — —
Denmark 29.9 0.6 28.7 0.5 29.6 0.8 24.8 0.3 23.8 0.4 22.8 0.6
Sweden 28.7 0.5 26.3 0.4 25.2 0.8 21.3 0.3 20.3 0.3 19.4 0.5
Norway 25.5 0.3 22.4 0.5 23.8 1.0
Abbreviations: BMI, body mass index; s.e., standard error; —, if a group comprised fewer than 20 persons, mean intake is not presented.

“Adjusted for age, and weighted by season and day of recall.

total protein among men in the two most active groups
compared with that in the less active groups.

No clear differences in intake of total and animal protein
across smoking status groups were present, but the lowest
intake of plant protein was observed primarily among
current smokers of both genders (Table 4d).

Protein intake was also evaluated according to season and
day of the 24-HDR. In all countries, the mean intake of total
and animal protein was higher on weekends than on
weekdays (except in UK health-conscious men and women,
and in Dutch women for animal protein) (Table 4e). For
plant proteins, the difference between working days and
weekend was less pronounced and no clear tendency was
observed. A different pattern was observed in the UK health-

conscious group, in which the mean intake of plant protein
was notably higher at weekends than on working days,
whereas intake of animal protein was highest on working
days. In contrast to day of the week, no clear trend was
observed with regard to the mean intake of protein
according to seasons (results not shown).

Discussion

In this study, some variations were observed across centres in
intakes and food sources of total protein, and protein of
animal and plant origin. Despite variations in absolute
intakes, the intake of animal protein compared with plant



Table 4b Minimally adjusted® mean daily intake of total, animal and plant protein by country and educational level

Country Men Women
None/primary Tech/professional/ University None/primary Tech/professional/ University
secondary secondary

Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e.

Total protein
Greece 86.4 1.6 91.1 2.0 90.3 2.0 59.3 1.0 63.5 1.3 67.5 1.7
Spain 129.2 11 126.0 1.9 113.9 2.5 85.2 0.8 90.2 2.1 87.2 2.4
Italy 110.2 2.2 103.1 1.2 107.0 3.1 75.3 1.0 75.2 0.7 721 1.6
France 82.3 1.2 84.6 0.6 85.0 0.7
Germany 93.9 1.5 91.0 1.4 879 1.3 67.0 1.2 63.8 0.8 68.3 1.2
The Netherlands 101.9 3.2 104.3 1.6 96.5 2.3 79.0 1.1 78.4 0.6 77.3 1.2
UK general population 94.3 52 91.3 2.7 86.0 3.8 74.3 2.7 71.5 1.7 72.5 2.7
UK health-conscious — — 71.7 6.9 653 4.9 — — 62.1 3.3 58.1 2.8
Denmark 97.1 1.6 95.7 1.4 95.7 1.6 73.1 1.2 73.1 0.8 74.8 1.8
Sweden 94.4 1.2 94.3 1.2 93.5 1.5 68.7 0.8 71.8 0.7 73.7 1.0
Norway 72.3 1.5 76.2 0.8 79.3 1.7

Animal protein
Greece 48.7 1.4 54.7 1.7 56.0 1.7 32.1 0.9 40.0 1.2 42.5 1.5
Spain 89.9 1.0 89.3 1.7 782 2.2 57.9 0.7 63.4 1.9 60.1 2.1
Italy 64.1 1.9 59.7 1.0 63.5 2.7 453 0.9 44.4 0.6 40.5 1.4
France 55.2 1.0 55.9 0.5 56.1 0.6
Germany 60.2 1.3 56.7 1.2 55.1 1.1 41.0 1.0 37.7 0.7 40.7 1.1
The Netherlands 62.2 2.8 64.5 1.4 553 2.0 48.3 1.0 47.9 0.6 44.5 1.1
UK general population 56.4 4.5 52.8 2.4 47.1 3.3 44.1 2.4 41.2 1.5 41.2 2.4
UK health-conscious — — 13.6 6.0 154 43 — — 16.6 29 19.4 25
Denmark 62.5 1.4 60.8 1.2 61.4 1.4 45.1 1.0 44.7 0.7 45.4 1.6
Sweden 61.3 1.0 60.0 1.0 59.6 1.3 44.2 0.7 45.9 0.7 46.5 0.8
Norway 45.2 1.3 46.8 0.7 46.1 1.5

Plant protein
Greece 36.3 0.6 34.4 0.8 327 0.8 25.9 0.4 21.9 0.5 22.7 0.7
Spain 35.6 0.4 333 0.7 31.5 0.9 24.2 0.3 235 0.8 24.6 0.9
Italy 40.6 0.8 37.0 0.5 364 1.2 25.5 0.4 25.6 0.3 26.6 0.6
France 23.5 0.5 25.0 0.2 251 0.3
Germany 28.6 0.6 293 0.5 28.0 05 21.3 0.5 21.8 0.3 23.2 0.5
The Netherlands 32.3 1.2 31.7 0.6 329 09 22.8 0.4 23.7 0.3 26.6 0.5
UK general population 29.5 2.0 31.0 1.0 30.7 1.5 23.0 1.1 24.7 0.7 253 1.1
UK health-conscious — — 54.7 2.6 443 1.9 — — 41.5 1.3 34.5 1.1
Denmark 28.9 0.6 29.5 0.5 29.2 0.6 23.5 0.5 24.2 0.3 25.5 0.7
Sweden 26.9 0.4 271 0.5 27.6 0.6 19.5 0.3 20.7 0.3 22.1 0.4
Norway 223 0.6 24.5 0.3 27.9 0.7

Abbreviations: s.e., standard error; —, if a group comprised fewer than 20 persons, mean intake is not presented.

*Adjusted for age, and weighted by season and day of recall.

protein was mostly seen in a ratio of around 1.5-3 to 1. The
only centre that deviated from this was the UK
health-conscious group, in which a low intake of meat
products resulted in a reverse ratio with a two to three times
higher intake of plant protein than animal protein. Thus,
they had the lowest total and animal protein intake, but the
highest intake of plant protein across all centres.

Owing to cultural differences in eating habits previously
reported in the same populations (Slimani et al., 2002b), it
was expected that the predominant food items contributing
to protein intake across the 27 participating centres would
differ. This was clearly seen for plant protein, in which a
south-north gradient was present when contributions from

vegetables, legumes and fruits were combined. Legume
consumption was almost non-existent in Northern Europe,
whereas it contributed to a notable percentage in Spain and
Greece (women 6-13%, men 8-16%). In contrast, potatoes
were of more importance in Nordic countries, especially
among men (9-10%).

Apart from the UK health-conscious group, total meat
intake contributed the highest proportion to animal protein,
as already observed in other studies (Smit et al., 1999), but
clear differences were seen in eating patterns across Europe
with regard to the types of meat consumed (Linseisen et al.,
2002). Processed meat was a very important contributor in
Germany and the Netherlands, but was negligible in the
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Table 4c Minimally adjusted® mean daily intake of total, animal and plant protein by country and physical activity level®
Country Men Women
Inactive Moderately Moderately Active Inactive Moderately Moderately Active
inactive active inactive active
Mean s.e. Mean  s.e. Mean  s.e. Mean s.e. Mean se.  Mean  s.e. Mean  s.e.  Mean s.e.
Total protein
Greece 91.0 27 84.1 1.7 915 1.7 928 38 634 29 61.1 1.7 62.1 09 635 23
Spain 1211 20 1216 1.7 131.1 1.5 1304 23 872 32 852 2.0 85.0 0.8 900 28
Italy 1025 20 101.8 1.7 1088 1.7 109.2 32 739 1.7 741 1.1 74.9 0.7 770 1.8
France 843 1.0 85.1 0.5 83.0 1.0 872 3.0
Germany 842 1.9 90.6 1.6 924 1.2 928 25 631 1.4 658 1.1 66.1 09 684 22
The Netherlands 947 34 1016 25 1016 1.8 1070 27 776 20 788 1.1 77.6 0.7 803 1.2
UK general population 81.6 4.7 93.2 35 94.1 3.0 88.1 47 715 29 703 2.1 69.1 1.7 785 34
UK health-conscious — — 60.8 6.6 76.8 5.5 — — 592 40 60.1 3.8 59.8 2.8 — —
Denmark 954 1.7 93.8 1.6 989 1.5 958 22 745 1.2 720 1.0 73.5 1.1 752 24
Sweden® 97.0 23 90.2 1.6 95.0 1.7 985 51 713 1.6 702 1.1 70.9 1.1 68.5 3.1
Animal protein
Greece 555 23 50.0 1.5 529 1.5 559 33 399 25 371 1.5 36.0 0.8 36.1 2.0
Spain 84.0 1.7 84.7 1.5 91.2 1.3 914 20 596 28 59.0 1.7 57.6 0.7 629 24
Italy 59.7 1.8 58.2 1.5 63.8 1.5 64.6 28 435 1.5 424 1.0 44.6 0.6 46.7 1.6
France 56.5 0.9 56.5 0.4 53.7 0.8 584 26
Germany 53.0 1.7 56.4 1.4 585 1.0 579 22 373 12 394 0.9 39.8 0.8 399 19
The Netherlands 57.9 29 620 2.2 613 1.5 63.9 23 463 1.7 478 0.9 47.2 0.6 478 1.0
UK general population 44.2 4.1 539 3.1 553 26 489 41 392 25 406 1.8 40.5 1.5 445 3.0
UK health-conscious — — 154 5.8 176 4.8 — — 199 35 172 3.3 14.6 2.5 — —
Denmark 624 1.5 59.1 1.4 63.0 1.3 61.1 20 46.1 1.0 444 0.9 44.5 1.0 448 21
Sweden® 63.8 20 58.0 1.4 62.1 1.5 658 45 468 1.4 459 0.9 45.5 1.0 430 27
Plant protein
Greece 343 1.0 324 0.6 370 0.6 355 1.5 220 11 223 0.7 245 04 261 09
Spain 33.6 0.7 334 0.6 359 0.6 356 09 242 1.2 231 0.8 24.4 03 238 1.1
Italy 358 0.8 373 0.6 389 0.7 39.6 1.2 249 07 262 0.4 25.7 0.3 253 0.7
France 243 04 248 0.2 25.8 04 236 1.2
Germany 26.3 0.7 29.6 0.6 28.6 0.4 30,1 09 214 05 222 0.4 21.9 03 232 038
The Netherlands 30,0 1.3 316 1.0 325 0.7 336 1.0 239 08 243 0.4 23.7 03 249 05
UK general population 29.7 1.8 309 1.3 314 14 306 1.8 257 1.1 23.8 0.8 23.4 0.7 265 1.3
UK health-conscious — — 39.3 25 56.0 2.1 — — 363 1.6 37.4 1.5 41.4 1.1 — —
Denmark 28.0 0.6 288 0.6 30.7 0.6 293 08 242 05 233 0.4 249 04 255 09
Sweden® 26.7 0.9 26.1 0.6 264 0.7 275 19 196 0.6 193 0.4 20.1 04 208 1.2
Abbreviations: s.e., standard error; —, if a group comprised fewer than 20 persons, mean intake is not presented.

?Adjusted for age, and weighted by season and day of recall.
PAs no physical activity level was measured in Norway, this country is not represented in the table.

“Umea is not part of this analysis, as no physical activity level was measured.

Greek diet. The contribution of fish to animal protein varied
considerably across countries, as also observed for total fish
intake (Welch et al., 2002), although without any clear
north—south gradient or a relationship with proximity to the
sea, as high contributions from fish were seen in coastal
and inland regions in Spain, Greece and Norway, whereas
intakes were low in the Netherlands. The different intake
patterns of these two animal protein sources are of special
interest, as they have been ascribed important roles in
diet—disease associations. Processed meat has recently been
judged as one of the most cancer-promoting food items
(WCREF/AICR, 2007), whereas fish is considered to have
beneficial effects in heart disease (He et al., 2004; Whelton
et al, 2004) and also potentially in some cancer sites

(Norat et al., 2005; Geelen et al., 2007), although possibly
because of factors other than protein. Studies of the
association between (animal or plant) protein and disease
incidence may consequently be less reliable if the contribut-
ing protein sources are not evaluated in addition to total
protein intakes.

Socioeconomic status is known to influence dietary habits
(Lallukka et al., 2007), and in this study, lifestyle factors
seemed primarily to influence the intake of plant protein. A
lower intake of plant protein was seen among current
smokers and among people with a high BMI, whereas a
higher intake was observed among well-educated women
and among well-educated men in the northern countries. It
has been previously shown that socioeconomic status is



Table 4d Minimally adjusted® mean daily intake of total, animal and plant protein by country and smoking status

Country Women
Never smoker Former smoker Current smoker Never smoker Former smoker Current smoker
Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e.
Total protein
Greece 92.2 2.0 84.2 1.8 91.1 1.9 62.1 0.9 57.5 3.0 64.8 1.8
Spain 129.3 1.6 123.7 1.7 125.4 1.4 84.8 0.8 87.0 2.4 87.8 1.9
Italy 106.9 1.8 102.7 1.5 106.7 2.0 74.2 0.7 76.0 1.2 75.3 1.1
France 85.2 0.5 83.9 0.9 83.0 1.5
Germany 88.4 1.5 89.8 1.2 95.3 1.7 66.0 0.8 64.6 1.1 65.9 1.4
The Netherlands 100.0 2.4 104.4 1.9 100.5 2.0 79.7 0.8 77.4 0.9 77.5 1.0
UK general population 89.6 3.1 93.4 2.8 89.8 4.5 71.8 1.5 69.6 2.1 69.6 3.6
UK health-conscious 68.3 5.6 74.0 5.5 — — 58.8 2.4 61.7 3.4 — —
Denmark 96.3 1.6 96.0 1.4 96.2 1.5 73.6 0.9 73.5 1.2 72.7 1.2
Sweden 94.2 1.1 92.8 1.2 95.4 1.6 71.8 0.6 70.2 1.0 71.2 1.1
Norway 76.4 1.1 74.7 1.1 76.5 1.3
Animal protein
Greece 55.4 1.7 48.4 1.5 55.0 1.6 35.2 0.8 33.0 2.6 42.6 1.6
Spain 89.9 1.4 85.2 1.5 88.2 1.3 57.2 0.7 62.9 2.1 61.3 1.6
Italy 63.2 1.6 59.1 1.3 62.1 1.7 43.6 0.6 44.4 1.1 45.3 1.0
France 56.3 0.4 55.8 0.8 56.0 1.4
Germany 54.2 1.3 56.3 1.0 62.4 1.5 39.2 0.7 38.4 1.0 40.8 1.2
The Netherlands 59.6 2.1 62.7 1.7 62.1 1.7 47.6 0.7 46.6 0.8 48.2 0.9
UK general population 51.2 2.7 53.8 2.5 52.1 3.9 41.9 1.3 39.4 1.9 37.9 3.2
UK health-conscious 14.3 4.8 15.5 4.8 — — 16.5 2.1 17.2 3.0 — —
Denmark 61.5 1.4 60.9 1.2 62.3 1.3 44.6 0.8 45.3 1.0 45.2 1.1
Sweden 59.7 1.0 59.6 1.1 62.8 1.4 45.6 0.6 44.2 0.9 46.8 0.9
Norway 45.3 1.0 45.5 1.0 48.9 1.1
Plant protein
Greece 354 0.8 34.3 0.7 34.5 0.7 25.4 0.3 22.5 1.2 20.5 0.7
Spain 35.6 0.6 34.9 0.6 33.6 0.6 24.6 0.3 22.2 1.0 23.1 0.7
Italy 37.5 0.7 37.2 0.6 38.4 0.8 25.7 0.3 26.2 0.5 25.2 0.4
France 25.2 0.2 24.3 0.4 23.2 0.6
Germany 28.4 0.6 29.0 0.4 28.2 0.6 22.0 0.3 22.3 0.4 20.8 0.6
The Netherlands 32.6 0.9 333 0.7 30.7 0.8 24.5 0.3 24.1 0.3 23.1 0.4
UK general population 30.8 1.2 31.6 1.1 29.1 1.7 24.1 0.6 24.1 0.8 25.5 1.4
UK health-conscious 49.5 2.1 53.2 2.1 — — 38.5 0.9 39.9 1.3 — —
Denmark 29.3 0.6 30.1 0.5 28.2 0.6 24.8 0.3 24.3 0.5 22.8 0.5
Sweden 27.6 0.4 27.0 0.5 25.8 0.6 21.1 0.3 20.8 0.4 19.5 0.4
Norway 25.8 0.4 24.2 0.4 22.9 0.5
Abbreviations: s.e., standard error; —, if a group comprised fewer than 20 persons, mean intake is not presented.

“Adjusted for age, and weighted by season and day of recall.

related positively to the intake of plant protein (Hulshof
et al.,, 2003). In the southern countries, in contrast, the
highest intake of plant protein among men was seen
among those belonging to the lowest educational levels.
This north-south difference among men may stem from the
fact that consumption of legumes is common at all social
levels in Southern Europe, and may be particularly high in
less economically advantaged groups owing to low cost,
whereas it may reflect health consciousness in the northern
countries.

The population average protein requirement for healthy
adults is estimated at 0.66g/kg body weight and the
recommended safe lower level of protein intake was subse-
quently estimated at 0.83 g/kg body weight in the recently
published report on protein and amino acid requirements in

human nutrition (WHO/FAO/UNU, 2008). In relative terms,
the recommended safe lower level corresponds to around
8-10%en.

In the EPIC calibration study, the mean protein intake per
kilogram body weight ranged between 0.91 and 1.83 g/kg
across centres in a minimal-adjusted model and was not
below 0.83 g/kg in any age group (except in Greek women
aged 65-74 years: 0.82 g/kg). Energy percentages ranged from
12 to 23%en across men and women and across different age
groups, and are thus above the recommended lower safe
intake level, and within the recommended intake range of
10-35%en (US Food and Nutrition Board) and 10-20%en
(Nordic Nutrition Recommendations) (Alexander et al.,
2004), and at the higher end of the WHO recommendations
of 10-15%en (WHO/FAO, 2003). Both men and women in
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Table 4e Minimally adjusted® mean daily intake of total, animal and plant protein by country and day of recall of 24-HDR

Country Men Women
Weekend Working days Weekend Working days
Friday to Sunday Monday to Thursday Friday to Sunday Monday to Thursday
Mean s.e. Mean s.e. Mean s.e. Mean s.e.
Total protein
Greece 90.4 1.7 87.3 1.3 65.7 1.2 58.7 0.9
Spain 131.4 1.5 122.8 1.1 89.5 1.3 82.7 0.9
Italy 109.0 1.7 101.5 1.2 77.2 1.0 72.4 0.7
France 86.5 0.7 83.3 0.5
Germany 96.7 1.6 859 0.9 69.3 1.1 62.0 0.7
The Netherlands 103.9 2.0 100.5 1.5 79.0 0.8 77.9 0.6
UK general population 95.5 3.1 88.9 2.4 72.4 1.9 69.3 1.4
UK health-conscious 69.8 7.4 74.2 3.9 56.5 4.0 60.8 2.2
Denmark 99.9 1.7 93.7 1.0 76.0 1.2 71.1 0.7
Sweden 98.1 1.2 90.9 0.9 74.7 0.8 68.5 0.6
Norway 78.9 1.1 73.5 0.8
Animal protein
Greece 553 1.4 50.1 1.2 39.5 1.1 334 0.8
Spain 93.9 1.2 83.6 1.0 62.8 1.1 55.2 0.8
Italy 63.7 1.4 58.1 1.1 45.6 0.8 42.3 0.6
France 57.4 0.6 55.1 0.4
Germany 62.2 1.3 52.9 0.8 42.8 0.9 36.0 0.6
The Netherlands 63.1 1.6 60.5 1.4 46.9 0.7 47.7 0.6
UK general population 55.2 2. 51.5 2.1 42.1 1.6 39.3 1.3
UK health-conscious 10.6 6.1 21.8 3.5 9.5 3.4 21.8 2.0
Denmark 63.6 1.4 60.0 0.9 46.7 1.0 43.4 0.6
Sweden 63.8 1.0 57.8 0.8 48.3 0.7 43.2 0.5
Norway 50.2 1.0 43.5 0.7
Plant protein
Greece 334 0.6 35.8 0.5 24.6 0.5 23.8 0.4
Spain 33.7 0.5 35.5 0.5 23.7 0.5 24.5 0.4
Italy 37.9 0.6 37.6 0.5 26.3 0.4 253 0.3
France 25.1 0.3 24.7 0.2
Germany 29.2 0.6 28.2 0.4 22.4 0.4 21.5 0.3
The Netherlands 32.0 0.7 32.5 0.6 24.1 0.3 24.0 0.3
UK general population 31.5 1.1 30.2 0.9 24.5 0.7 23.9 0.6
UK health-conscious 54.7 2.7 47.4 1.6 44.0 1.5 34.3 0.9
Denmark 30.3 0.6 28.6 0.4 24.2 0.4 24.0 0.3
Sweden 27.9 0.4 26.3 0.4 211 0.3 20.5 0.2
Norway 24.2 0.4 24.7 0.3
Abbreviations: s.e., standard error; —, if a group comprised fewer than 20 persons, mean intake is not presented.

?Adjusted for age and weighted by season.

the UK health-conscious group had the lowest energy intake
from protein (12-13%en) and also a rather low ratio of
g protein/kg body weight. This indicates that a diet low in
animal food items may result in a lower protein intake and
may also be low in specific essential amino acids. The mean
intake is, however, still within the recommended intake
range.

Low protein intake in absolute terms might be due to a
general or specific underreporting of diet. Among EPIC
cohorts, Greek participants seem to have underreported total
energy intake to a higher degree than other centres (Ferrari
et al, 2002). Greek women also reported a rather low absolute
intake of protein and a low ratio of g protein/kg body weight,
whereas the %en level was normal. Adjustment for total

energy intake increased the estimated mean intake considerably,
indicating that protein intake in Greece for a fixed energy
intake was not appreciably lower than that in the remaining
centres. Thus, adjustment for total energy intake may take
care of a part of the measurement errors included in nutrient
intake data (Willett, 1998; Spiegelman, 2004) An over-
estimation of energy percentage from protein may, however,
also be present, because of a possible relatively greater
underestimation of fat and/or carbohydrate than protein
(Heitmann and Lissner, 1995; Heitmann et al., 2000).
Protein deficiency is not a big issue in developed countries,
and it would be important to evaluate the upper tolerable
intake level and determine whether the optimal level seen
in relation to health is higher than the recommended level.



The latest WHO/FAO report concludes that current knowl-
edge is still insufficient to permit clear recommendations for
either a safe upper limit or an optimal intake level, and this is
obviously an important subject for future research (WHO/
FAO/UNU, 2008). Furthermore, no specific recommenda-
tions for different qualitative protein types or sources (such
as those for fat and carbohydrate) exist as yet.

Comparable and detailed information on foods contri-
buting to protein intake across countries is useful for
conducting and interpreting the results of large multi-centre
dietary studies. One of the strengths of this descriptive paper
is the recent creation of the ENDB (Slimani et al., 2007),
which harmonized national databases, making it possible to
compare the intake of different types of protein across 10
countries and 27 centres. Detailed information with regard
to the animal and plant origin of all food items, from which
intake of animal and plant protein has been estimated,
provides important knowledge for future studies investiga-
ting the association between diseases and subgroups of
protein. In all centres, a small amount of protein (as for
example, from ready-to-eat dishes and cakes without any
clear declaration, or containing ingredients of mixed or
unknown origin) could not be classified as being from either
animal or plant origin. The amounts were, however so
relatively small that they would have only a limited
influence on the ranking of the centres for animal or plant
protein even if all unknown proteins were regarded as being
of either plant or animal origin.

Furthermore, the large geographical span makes it possible
to study how the different food patterns across Europe
contribute to protein intake with different protein-providing
food items.

This is the largest study to date describing intake of protein
across several European countries. However, as not all the
EPIC cohorts are population based, the results cannot be
extrapolated to the general population of each region.
Another limitation is that each participant provided only
one 24-HDR. Intake can, therefore, be evaluated only at the
group level.

In this study, we measured diet simultaneously across 10
European countries. These data highlight and quantify the
variations and similarities in protein intakes between these
countries, and will form the basis for future aetiological
analyses on how different types of dietary protein are related
to health and disease.
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