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Abstract

Whole-grain intake has been reported to be associated with a lower risk of several lifestyle-related diseases such as type 2 diabetes, CVD
and some types of cancers. As measurement errors in self-reported whole-grain intake assessments can be substantial, dietary biomarkers
are relevant to be used as complementary tools for dietary intake assessment. Alkylresorcinols (AR) are phenolic lipids found almost exclu-
sively in whole-grain wheat and rye products among the commonly consumed foods and are considered as valid biomarkers of the intake
of these products. In the present study, we analysed the plasma concentrations of five AR homologues in 2845 participants from ten
European countries from a nested case—control study in the European Prospective Investigation into Cancer and Nutrition. High con-
centrations of plasma total AR were found in participants from Scandinavia and Central Europe and lower concentrations in those from
the Mediterranean countries. The geometric mean plasma total AR concentrations were between 35 and 41 nmol/l in samples drawn
from fasting participants in the Central European and Scandinavian countries and below 23 nmol/l in those of participants from the
Mediterranean countries. The whole-grain source (wheat or rye) could be determined using the ratio of two of the homologues. The
main source was wheat in Greece, Italy, the Netherlands and the UK, whereas rye was also consumed in considerable amounts in
Germany, Denmark and Sweden. The present study demonstrates a considerable variation in the plasma concentrations of total AR and
concentrations of AR homologues across ten European countries, reflecting both quantitative and qualitative differences in the intake of
whole-grain wheat and rye.

Key words: Whole grains: Alkylresorcinols: Biomarkers

Whole-grain intake appears to play an important role in
the prevention of major lifestyle diseases such as type 2 dia-
betes, CVD and some types of cancers™®. In 2011, the
World Cancer Research Fund/American Institute for Cancer
Research upgraded the evidence for an inverse association
between dietary fibre intake and colorectal cancer risk from
‘probable’ to ‘convincing™®. The association between dietary
fibre intake and colorectal cancer risk seems in particular to
be strong for cereal fibre and whole grains(4). Evidence for
an association between whole-grain intake and some cancers,
e.g. colorectal cancer, is less strong than that for dietary fibre
studies accurate

because few have provided

(3-5)

intake,
information on whole-grain intake

The measurement of dietary intake in general is challen-
ging(@, but that of whole-grain intake might be particularly
prone to measurement errors because there is a large variation
in whole-grain content in different products and consumers
may have difficulty in recognising whole-grain products
among other products”. These together with the lack of
a common definition of whole-grain products make com-
parison of whole-grain intake between studies and countries
difficult®.

Alkylresorcinols (AR) have been evaluated as valid con-
centration biomarkers of whole-grain wheat and rye intake® .
AR are phenolic lipids found in the bran fraction of rye, wheat
and barley. However, the amount of AR found in barley is very
small, and barley is not consumed in high amounts in Europe.
Therefore, AR are almost exclusively present in whole-grain
wheat and rye products or in products with added wheat or
rye bran, and only traces or low quantities are found in refined
products"®. AR are generally not affected by food processing,

1D and can be measured in

are absorbed in the small intestine
blood plasma. Intervention studies have shown that plasma
AR concentrations are significantly affected by the dietary

12 1n observational

intake of whole-grain wheat and rye
studies, a moderate correlation (7 0:25—0-54) has been found
between plasma concentrations of AR and intake of whole-

QU Despite a relatively

grain foods estimated from FF
short elimination half-life of approximately 5h"'>, AR concen-
trations in a single fasting sample reflect the long-term concen-
trations (1 month to 4 years) relatively well in populations with
a frequent and stable intake’®”. There are five AR homol-
ogues in wheat and rye: C17:0; C19:0; C21:0; C23:0;

C25:0. The ratio between two of the homologues
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(C17:0/C21:0) can be used to determine whether the whole-
grain diet is mainly dominated by wheat or rye®®
lower than 0-2 in plasma indicate an intake dominated by

wheat and higher ratios indicate that whole-grain rye is also
d©19.20

. Ratios

consume

Information on whole-grain intake in Europe is scarce,
and due to the different definitions of whole grains and the
variation in whole-grain products consumed in the different
countries, comparison of whole-grain intake is difficult. Infor-
mation on AR concentrations in different populations might
be useful to examine relative differences in whole-grain
intake between countries, as well as serve as an objective
ranking tool for whole-grain wheat and rye intake in relation
to disease endpoints in observational studies. However,
data on AR concentrations and AR C17:0/C21:0 ratios from
observational studies representing different countries are
limited.

Therefore, the aim of the present study was to evaluate
the group-level variability in total AR concentrations and con-
centrations of the five AR homologues (C17:0, C19:0, C21:0,
C23:0 and C25:0) as well as assess the C17:0/C21:0 ratio
in plasma samples collected from participants from ten
Western European countries using data from the European
Prospective Investigation into Cancer and Nutrition (EPIC).

Subjects and methods
Study population and data collection

The EPIC cohort is a large multicentre cohort study of more
than half a million European participants. The cohort consists
of participants from twenty-three centres in Denmark, France,
Germany, Greece, Italy, the Netherlands, Norway, Spain,
Sweden and the UK.

Most of the participants were recruited from the general
population, except for the French cohort (a teacher’s organi-
sation health insurance programme), the Italian (Florence
and Turin) and Spanish cohorts (mostly blood donors), the
Utrecht (the Netherlands) cohort (women attending mammo-
graphic screening programmes), and part of the Oxford
(UK) cohort. The EPIC-Norfolk and EPIC-Oxford cohorts
are the two UK cohorts included in the EPIC cohort. The
EPIC-Norfolk cohort represents the general population,
while the EPIC-Oxford cohort comprises participants from
the general population as well as vegetarians and health-
conscious people. In the present study, only one of the
Swedish cohorts was included (Umed), as biological samples
were not available from the Malmé cohort. At baseline
(1993-8), lifestyle questionnaire, dietary questionnaires and
anthropometric data were collected from the participants®.

Biological samples, including plasma samples, were collec-
ted at baseline from 385747 of the 519978 EPIC participants
and stored for later use. Samples from all centres were
processed and aliquoted at the local study centres. After
that, samples from Denmark and Sweden were stored
in tubes at —150°C under N, vapour in a biobank in
Copenhagen, Denmark, or in —80°C freezers in Umea,
Sweden. Samples from the other eight countries were stored

in heat-sealed straws at —196°C under liquid N, at the Inter-
national Agency for Research on Cancer (IARC) biobank
in Lyon, France®”. The study was approved by the Ethical
Review Board of the IARC and the ethical committees of
the participating centres. All participants provided informed
consent, and procedures were in line with the Declaration
of Helsinki.

A total of 3100 men and women (1550 colorectal cancer
cases and 1550 matched controls) from a nested case—control
study on AR in relation to colorectal cancer risk were included
in the present study. Only plasma samples from 3059 parti-
cipants were retrieved, as plasma samples from forty-one
participants were not available in the biobanks. AR concen-
trations were successfully analysed in only 2849 samples of
the initial 3100 samples, mostly due to missing samples or to
insufficient volume rather than due to laboratory errors.
When the blood samples were drawn, 28 % of the participants
were fasting (>6h since the last meal).

Estimation of dietary fibre intake

Information on ‘habitual’ dietary intake was collected from
each participant with validated country-specific dietary ques-
tionnaires”*”. Cereal fibre intake was estimated using the
standardised EPIC Nutrient Database'®®. In the EPIC Nutrient
Database, dietary fibre intake definitions are based on the
gravimetric method developed by the Association of Official
Agricultural Chemists®® for all countries, except for the UK
and Greece, where the Englyst method is used®?.

Laboratory analyses

During a period of 1 year, the concentrations of plasma AR
homologues (C17:0, C19:0, C21:0, C23:0 and C25:0) were
determined using a GC—MS method in which molecular ions
were used for quantification in a single-ion monitoring
mode®. For each participant, 200 wl of plasma were used.
The samples were randomised, but matched case—control
pairs were analysed together. In each batch, four quality con-
trol samples were included. The within-day and between-day
precision values expressed as CV were 11 and 22%, respec-
tively. Plasma concentrations of the individual homologues
(C17:0, C19:0, C21:0, C23:0 and C25:0) and their sum
(plasma total AR concentrations) were used in the statistical
analyses.

Determination of the alkylresorcinol C17:0/C21:0 ratio

The AR C17:0/C21:0 ratio may indicate whether the diet is
dominated by whole-grain wheat or rye. Among the cereals,
the ratio is typically 0-1 in common wheat, 0:01 in durum
wheat and 10 in rye™®. In human plasma samples, factors
other than dietary intake also affect the C17:0/C21:0 ratio
to some extent. Under controlled intervention conditions,
the ratio is typically 0-1-0-2 and 0-6—0-8 after whole-grain
wheat and rye consumption, respectively(12‘26). A low ratio
(<0-2) is indicative of a wheat-dominated diet and a higher
ratio is indicative of a rye-dominated diet.
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Exclusions

In total, 2849 samples were successfully analysed for AR
concentrations, and four of these samples were excluded
because of missing data on covariates, leaving 2845 samples
to be included in the statistical analyses.

Statistical analyses

The distribution of AR and AR homologues was skewed and
was, therefore, normalised by log transformation (natural
logarithm). Mean values for total AR and AR homologues on
the logarithmic scale were calculated, and geometric mean
values and standard deviations were obtained by back
transformation.

In all country-specific analyses, the UK cohort was included
as two separate groups (UK general population and UK
‘health conscious’), because part of the EPIC cohort in
Oxford was over-represented by health-conscious people
and vegetarians, and thereby it might have whole-grain
intake different from that of the UK cohort representing the
general population (EPIC-Norfolk). Therefore, the health-
conscious part of the Oxford cohort was grouped alone and
the remainder of the Oxford cohort was merged with the
Norfolk cohort to form the group ‘UK general population’.

Correlations between plasma total AR concentrations and
cereal fibre intake were investigated using Pearson’s corre-
lations, both crude and partial Pearson’s correlations adjusted
for sex and fasting status (no: <3h, in between: 3—6h, and
yes: >6h).

The t test was used to test the null hypothesis of no differ-
ence in plasma total AR concentrations between cases and
controls. As no difference was found (P=0-59), it was decided
to include both cases and controls in the study. The # test was
also used to test whether plasma total AR concentrations and
the ratio between two of the AR homologues (C17:0/C21:0)
differed by sex and by fasting status. Differences in mean
values for countries were tested using the F test.

The analyses were carried out using the SAS® software
(version 9.3; SAS Institute, Inc.). The UNIVARIATE and
FREQ procedures were used for descriptive statistics. The
TTEST procedure was used for the ¢ test. The CORR (Pearson)
procedure was used for the correlation analyses. P values
(two-sided) lower than 0-05 were considered to be statistically
significant.

Results

In total, 2845 participants from ten European countries
were included in the present study, with the largest group
being from Denmark (2 732) and the smallest from Norway
(n 33). The participants had a median age (5th—95th percen-
tile) of 59 years (46—71 years) and a median BMI (5th—95th
percentile) of 26 kg/m? (2134 kg/m?). Blood plasma samples
were drawn in 1993-2001, and 28% of the participants were
fasting when the blood samples were drawn (Table D).
Plasma total AR concentrations varied substantially between
the ten countries (Fig. 1 and Table 2). A statistically significant

Table 1. Lifestyle, socio-economic and dietary characteristics of 2845
participants from the European Prospective Investigation into Cancer
and Nutrition (EPIC)

(Median values and 5th (P5)—95th percentiles (P95); number of partici-
pants and percentages)

All participants
(n 2845)

Characteristics n %

Age at blood collection (years)
Median 59
P5-P95 46-71

Men 1371 48

Women 1474 52

BMI (kg/m?)

Median 26
P5-P95 21-34

Country
Denmark 732 26
France 58 2
Germany 328 12
Greece 80 3
Italy 381 13
The Netherlands 302 11
Norway 33 1
Spain 326 11
Sweden 162 6
UK general population 382 13
UK ‘health conscious’ 61 2

Energy (kcal/d)

Median 2055
P5-P95 1226-3290

Energy (kJ/d)

Median 8598
P5-P95 5130-13765

Fasting status
Non-fasting (<3 h since the last meal) 1354 48
In between fasting (3—6 h since the last meal) 621 22
Fasting (> 6h since the last meal) 810 28
Unknown 60 2

Cereal and cereal products (g/d)

Median 194
P5-P95 77-424

Breakfast cereals (g/d)

Median 0
P5-P95 0-104

Bread and crisp bread (g/d)

Median 120
P5-P95 33-285

Bread, non-white (g/d)

Median 63
P5-P95 0-213

Dietary fibre
Median 22
P5-P95 12-37

Cereal fibre
Median 8
P5-P95

difference in plasma total AR concentrations was found
between the countries (P<<0-001). When not taking fasting
status into account (Fig. 1(a) and Table 2), plasma total AR
concentrations were highest in the Danish and UK cohorts,
with geometric mean concentrations being 63nmol/l in
the Danish cohort and 70 and 63nmol/l in the UK cohorts
representing ‘health-conscious’ and the general population,
respectively. A statistically significant difference was found in
plasma total AR concentrations by fasting status (P<0-001).
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Fig. 1. Geometric mean plasma total alkylresorcinol (AR) concentrations (nmol/l) by country (by centre for the UK) in 2845 participants from the European Prospective
Investigation into Cancer and Nutrition (EPIC): (a) for all participants (n 2845); (b) non-fasting: for participants who had their plasma samples drawn at <3 h since the last
meal (n 1354), (c) in between fasting: for participants who had their blood samples drawn at 3—6 h since the last meal (n 621), (d) fasting: for participants who had their
blood samples drawn at more than 6 h since the last meal (n 792). A total of sixty participants had unknown fasting status, and eighteen participants were part of the
group consisting of less than ten participants. Therefore, these were only included in the analyses where fasting status was not taken into account (a). (A colour version

of this figure can be found online at http://www.journals.cambridge.org/bjn)

Among the participants who were fasting when the blood
samples were drawn, the highest mean total AR concen-
trations were found in Swedish men (49 nmol/l), whereas
low concentrations were found in participants from the
Mediterranean countries in general (mean AR concentrations:
fasting <23 nmol/l; Fig. 1(d) and Table 3). However, a mean
total AR concentration of 37nmol/l was found in Greek
women, but this value was based on only ten participants.
No difference in mean total AR concentrations was found
between men and women, except in the Italian, Spanish,
Danish and Swedish cohorts, where men had higher concen-
trations. Mean plasma total AR concentrations did not seem to
be significantly different depending on age (data not shown).

A high median C17:0/C21:0 ratio (=0-30) was observed in
the German, Danish and Swedish cohorts, indicating that a
proportionally higher amount of rye was being consumed
by the participants from these countries (Table 2). In the
Greek, Italian, Dutch and British cohorts, a low median ratio
was found (<0-20), indicating that the AR-containing whole-
grain diet in these countries is dominated by wheat. No
difference in the mean C17:0/C21:0 ratio was found depend-
ing on sex, except in the German and Danish cohorts, where
women had higher statistically significant ratios. The ratio
differed according to fasting status (P<<0-001); in general,
the ratio was higher in fasting samples (Table 3).

Cereal fibre intake was correlated with plasma total
AR concentrations (Table 4). When stratifying by country,

a statistically significant positive correlation was found (partial
Pearson’s 7 0-12—0-35), except for France, Greece, UK ‘health
conscious’ and Norway. For Sweden, a statistically significant
positive correlation was observed only for the crude Pearson
correlation and not when corrected for sex and fasting
status. The overall partial correlation for all participants was
0-22 for cereal fibre (P<0-001). Overall, the correlations
were similar for men and women (data not shown).

Discussion

Large variations in plasma AR concentrations were found
across Western Europe, with 2—3-fold higher concentrations
being observed in Central Europe and in Scandinavia than
in the Mediterranean countries.

Several weaknesses should be considered when interpret-
ing the results of the present study. First, samples analysed
in the present study were selected from a nested case—control
study on colorectal cancer among participants in the EPIC
study and therefore the number of participants per country
and the fasting status were different within and between the
countries. In some of the included countries, e.g. Norway,
the number of participants included was small (72 33). There-
fore, especially these results should be interpreted with care.
Only a single sample was available from each participant.
However, the medium- to long-term reproducibility has
been shown to be modest to good for fasting samples
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Table 2. Cereal fibre intake, percentage of cereal fibre in total dietary fibre, plasma alkylresorcinol (AR) concentrations (total, C17:0, C19:0, C21:0, C23:0 and C25:0) and C17:0/C21:0 ratios by
country (by centre for the UK) of 2845 participants from the European Prospective Investigation into Cancer and Nutrition (EPIC)
(Mean values and standard deviations)
Dietary fibre Plasma AR concentration (nmol/l)
Cereal fibre in
Cereal fibre total C17:0/C21:0
intake (g/d) dietary fibre (%) Total C17:0 C19:0 C21:0 C23:0 C25:0 ratio
Country n Mean SD Mean SD Mean* SD Mean* SD Mean* SD Mean* sD Mean* SD Mean* SD Mean* sD
Francet 58 62 32 27 12 17 2 2 2 3 2 6 2 3 2 1 17 0-27 2
Greece 80 65 2.7 32 11 28 2 1 3 5 2 11 2 4 7 4 2 0-13 3
Men 38 7-2 26 34 10 26 2 1 2 4 2 11 2 4 2 4 2 012 3
Women 42 59 2-6 31 12 29 2 2 3 5 2 11 2 4 12 4 2 0-15 3
Italy 381 78 4.0 36 13 19 2 1 4 3 3 7 3 3 3 3 8 017 4
Men 154 9-3 4.5 41 14 24 3 1 3 3 2 9 3 4 5 5 3 0-15 3
Women 227 67 33 33 12 17 2 1 5 3 4 6 2 3 2 2 13 0-19 5
Spain 326 6-5 34 26 12 16 2 1 4 3 3 5 2 2 11 2 6 0-22 4 0
Men 192 7-4 34 28 11 17 2 1 4 3 3 6 2 2 10 2 8 0-21 4 =
Women 134 5.3 2.9 24 12 14 2 1 5 2 2 5 2 1 14 2 4 0-23 5 =
Germany 328 9.7 4.4 44 13 57 3 5 2 14 3 18 3 8 3 10 3 0-29 2 LSB
Men 214 10-0 4.5 45 13 60 3 5 2 15 3 19 3 9 3 10 3 0-27 2 g
Women 114 91 4.3 41 12 51 2 5 2 12 3 15 2 7 2 9 3 0-33 2 ™~
The Netherlands 302 7-3 33 33 11 51 3 3 2 12 3 20 3 6 4 5 6 0-14 2
Men 48 9-6 4.4 38 11 44 3 3 2 11 3 18 3 4 11 4 11 017 3
Women 254 69 2.9 32 10 52 3 3 2 13 3 21 3 7 3 6 5 0-14 2
UK general population 382 7-3 5.0 31 13 63 3 2 3 14 5 27 5 8 4 7 5 0-09 2
Men 206 73 51 32 13 62 3 2 2 14 3 27 4 9 3 7 5 0-09 2
Women 176 7-3 4.9 31 13 64 3 2 4 13 6 26 6 8 5 6 5 0-09 2
UK ‘health conscious’ 61 9.7 54 34 13 70 3 3 2 16 3 31 3 10 3 8 3 0-10 2
Men 20 12.9 65 41 14 140 2 5 2 35 3 65 3 17 2 14 3 0-07 2
Women 41 8-1 4.0 31 11 50 2 2 2 11 3 21 3 7 2 6 2 0-11 2
Denmark 732 134 5-8 53 13 63 2 7 2 15 3 18 2 8 4 11 4 0-37 2
Men 403 14.2 5.9 56 13 68 2 7 2 17 3 20 3 9 4 12 3 0-35 2
Women 329 124 55 51 13 57 2 7 2 13 4 16 2 7 5 10 5 0-40 2
Sweden 162 10-6 4.6 53 14 40 2 5 2 8 5 11 2 5 4 8 5 0-43 2
Men 96 12.0 4.6 57 14 48 2 5 2 11 2 13 2 7 2 10 2 0-40 2
Women 66 8:5 36 47 12 30 2 4 2 5 8 8 2 3 8 5 8 0-47 2
Norwayt 33 9-6 4.0 46 12 41 3 4 3 11 3 14 3 5 3 6 3 0-26 2

* Geometric mean.
1 Cohort consists of only women.
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Table 3. Plasma total alkylresorcinol (AR) concentrations and AR homologue C17:0/C21 : 0 ratio by country (centre for the UK) and fasting status of 2845 participants from the European Prospective
Investigation into Cancer and Nutrition (EPIC)

(Mean values and standard deviations)

Total AR concentration (nmol/l)

Non-fasting (<3 h since the last meal) In between fasting (3—6 h since the last meal) Fasting (> 6 h since the last meal)
Total AR Total AR Total AR
concentration C17:0/C21:0 concentration C17:0/C21:0 concentration C17:0/C21:0
(nmol/l) ratio (nmol/l) ratio (nmol/l) ratio
Country N (total) n Mean* SD Mean* SD n Mean* SD Mean* SD n Mean* SD Mean* SD
Francet 58 10 20 2 0-32 3 18 17 2 0-24 3 30 16 2 0-26 2
Greece 80 32 31 2 0-10 3 28 28 2 0-16 2 20 23 3 0-16 3 =
Men 38 14 35 2 0-08 3 14 30 2 0-11 2 10 14 2 0-19 3 &
Women 42 18 28 2 0-12 3 14 26 2 0-21 3 10 37 3 0-14 3 é
Italy 381 44 24 3 0-20 3 10 24 2 017 2 327 19 2 017 4 ®
Men 154 28 24 3 0-19 3 4 b b 122 24 3 0-14 3 F
Women 227 16 23 3 0-24 3 6 1 1 205 16 2 0-18 5 5
Spain 326 47 17 2 0-19 9 49 27 3 0-12 2 230 14 2 0-25 3 8
Men 192 24 26 2 0-19 3 30 27 3 0-11 2 138 15 2 0-25 4 2
Women 134 23 11 2 0-19 20 19 28 2 0-16 2 92 13 2 0-25 3 32
Germany§ 328 215 60 2 0-28 2 82 59 3 0-29 2 29 35 2 0-37 2 2
Men 214 135 65 3 0-27 2 56 62 3 0-27 2 21 36 2 0-31 2 5
Women 114 80 52 2 0-31 2 26 55 3 0-34 2 8 1 b =
The Netherlands§ 302 268 52 3 0-14 2 26 45 3 0-16 2 2 b 1 g
Men 48 44 46 3 0-16 3 2 1 i 2 I b S
Women 254 224 53 3 0-14 2 24 48 3 0-16 2 - - - e
UK general population§ 382 211 71 3 0-09 2 134 58 3 0-08 2 14 40 2 0-10 2 =}
Men 206 102 73 3 0-09 2 85 57 3 0-09 2 8 b b 8
Women 176 109 70 4 0-09 2 49 59 3 0-07 2 6 1 b 3
UK ‘health conscious’§ 61 28 70 3 0-09 2 15 100 3 0-10 2 4 I 1 =
Men 20 7 b b 4 b b 2 b b
Women 41 21 49 2 0-11 2 11 73 3 012 2 2 1 1
Denmark§ 732 485 63 2 0-36 2 233 64 2 0-37 2 8 b b
Men 403 288 65 3 0-35 2 101 79 2 0-32 2 8 b b
Women 329 197 60 2 0-38 2 132 54 2 0-42 2 - - -
Sweden 162 - - - 16 34 2 0-44 2 146 41 2 0-43 2
Men 96 - - - 10 45 2 0-41 1 86 49 2 0-40 2
Women 66 - - - 6 ks b 60 31 2 0-47 2
Norway1§ 33 13 35 3 0-29 2 10 28 3 0-22 2 - - -

* Geometric mean.

1 Cohort consists of only women.

} Category consists of less than ten participants and therefore results are not reported.

§ Information on fasting status was not available for sixty participants. Therefore, they were not included in the analyses stratified by fasting status (these participants were from the following countries: Germany — two participants;
the Netherlands — six participants; UK general population — twenty-two participants; UK ‘health conscious’ — fourteen participants; Denmark — six participants; Norway — ten participants).
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Table 4. Pearson’s correlations between plasma total alkylresorcinol
concentrations and cereal fibre intake by country (centre for the UK)
of 2845 participants from the European Prospective Investigation into
Cancer and Nutrition (EPIC)

(Pearson’s correlations and P values)

Cereal fibre
Crude Partial

Country/centre n r P r P
All* 2845 0-33  <0-001 022  <0-001

Non-fastingt 1354 0-30  <0-001 024  <0-001

In between fastingt 621 0-32 <0-001 0-26 <0-001

Fastingt 810 0-30  <0-001 017  <0-001

Missingt 60 013 0-33 0-05 0-71
Francet 58 0-00 0-99 0-00 0-99
Greecet 80 0-04 0-71 0-06 0-62
ltalyf 381 0-18 <0-001 0-12 0.02
Spaint 326 0-18 0-001 0-15 0-007
Germanyf 328 023  <0-001 022  <0-001
The Netherlandst 302 024  <0-001 0-28  <0-001
UK general populationt 382 0-34  <0-001 0-35 <0-001
UK ‘health conscious’t 61 0-24 0-06 —-0-01 0-97
Denmarkf 732 0-30  <0-001 0-28  <0-001
Swedent 162 0-23 0-003 0-11 0-15
Norwayt 33 -0.04 0-81 —0-05 077

* Partial model corrected for fasting status, sex and country (centre for the UK).
1 Partial model corrected for sex and country (centre for the UK).
1 Partial model corrected for fasting status and sex.

collected from different populations with a frequent intake of

(1617 The measurement of plasma AR concen-

whole grains
trations was carried out in singlets, and the analytical
between-day variation was rather large. Furthermore, no infor-
mation on whole-grain intake is available for the entire EPIC
cohort. Therefore, we used cereal fibre intake as a crude
proxy for whole-grain intake, although cereal fibre also
included oats and other cereals, which do not contain AR.
Previous studies have shown weaker correlations between
cereal fibre intake and plasma total AR concentrations in
plasma than for whole-grain intake, probably due to differ-
ences in the sources of cereal fibre in different populations®”.
The higher C17:0/C21:0 ratios in non-fasting samples than
in the fasting samples are in line with previous findings and
suggest that the AR homologues are subject to some differ-
ences in elimination”. Therefore, it still needs to be clarified
to what extent the C17:0/C21: 0 ratio is affected by difference
in the metabolism of AR homologues. The present study
included mostly middle-aged Europeans and not all subco-
horts included were population based. Therefore, the results
cannot be confidently extrapolated to the general Western
European population.

The present study has a number of strengths. Importantly,
the plasma samples of participants from all the ten included
countries were assayed at the same time in the same labora-
tory using the same method and were randomised in different
batches. This ensures that differences between the countries
are not due to laboratory differences. Furthermore, a standar-
dised food composition database was used to estimate cereal
fibre intake for the entire EPIC cohort.

When not taking fasting status into account, the highest
concentrations of AR were observed in the Scandinavian and
Central European cohorts and the lowest concentrations in

the Mediterranean region cohort. The comparably low con-
centrations among Swedes and Norwegians were probably
because many of the Swedish and Norwegian participants
were fasting when their blood samples were drawn. Surpris-
ingly, plasma total AR concentrations in samples drawn from
fasting UK participants were similar to what was found in
the samples of participants from most of the Central European
and Scandinavian countries. This is surprising because whole-
grain intake is believed to be lower in the UK®® than, for
@2 Furthermore, calculations of AR
intake from food supply data and food composition data
also indicate that AR intake is lower in the UK than in

instance, in Scandinavia

Sweden®. There are no obvious explanations for the high
concentrations observed in participants from the UK, but
they are probably due to the high intakes of wheat bran or
food products containing flour with a high extraction rate,
but not classified as whole grains.

Few studies have reported on and compared plasma total
AR concentrations in different populations. In an American
cross-sectional study of 407 free-living older adults, the overall
median concentration of AR was not mentioned, but the
median fasting plasma AR concentrations were 5, 14, 27 and
62nmol/l across the AR concentration quartiles®”. This is
similar to the total AR concentrations found in the plasma
samples of participants from the Mediterranean region in the
present study, indicating that the quantities of whole-grain
wheat and rye consumed in the USA are similar to those con-
sumed in the Mediterranean region. In one of the German
subcohorts of the present study (EPIC-Potsdam), AR concen-
trations were measured in fasting plasma samples drawn
4 months apart in 100 participants. The geometric mean from
both measurements was 49 nmol/1°®. In the present study,
fasting participants from EPIC-Potsdam (7 29) had a geometric
mean AR concentration of 35nmol/l (data not shown). In a
previous study from EPIC-Denmark, AR concentrations were
measured in plasma samples collected from 360 postmeno-
pausal women who were non-fasting when the samples were
drawn, and the median AR concentration was 78 nmol/I%
We found lower median total AR concentrations of 52 nmol/l
in postmenopausal Danish women (data not shown). The differ-
ence could be due to differences in fasting status in the previous
study and the present study. Laboratory analyses of both the
earlier studies were conducted in the same laboratory where
those of the present study were carried out. Additionally, in
a Danish intervention study of seventy-nine overweight or
obese women, the baseline geometric mean plasma total AR
concentration was 50 nmol/1?® , and a recent Nordic interven-
tion study has found baseline median fasting AR concentrations
of 59 and 56 nmol/1 for Swedes from Lund and Uppsala, respect-
ively, and 67 nmol/1 for Danes from Aarhus®®. The findings of
the mentioned previous studies are overall similar to those of
the present study. These findings indicate a potential of using
fasting plasma AR concentrations to enable comparison between
studies and populations. Information on whole-grain intake in
Europe is scarce, and differences in the definitions of whole
grains and variation in the products consumed complicate
comparison of whole-grain intake. Therefore, AR might be a
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good complementary tool for the assessment of whole-
grain intake.

Few studies have used the ratio between two of the AR
homologues (C17:0 and C21:0) to indicate whether the
whole-grain diet is dominated by whole-grain wheat or
whole-grain rye. As expected, we found that the whole-grain
diet of the Greek, Italian, Dutch and UK participants was domi-
nated by wheat, as indicated by a low C17:0/C21:0 ratio,
whereas the ratio was higher for the German, Danish and
Swedish participants, indicating a higher whole-grain rye
intake. These results are in line with those of a descriptive
study on the intake of different whole-grain cereals in the
Scandinavian part of the present study. In that study, it was
found that rye intake constituted about 70% of the whole-
grain intake in Denmark, 55% in Sweden and 20% in
Norway®”. It is surprising that the C17:0/C21:0 ratio is
higher among the Swedish participants than among the
Danish participants in the present study (0-43 v. 0-37). Among
the whole grains, wheat is primarily consumed in Norway,
whereas rye is consumed in larger proportions in Sweden and
Denmark®. As expected, the C17:0/C21:0 ratio was lower
among the Norwegian participants (0-27). In the earlier men-
tioned Danish intervention study, a C17:0/C21:0 ratio of 0-13
was observed at baseline(Z(’), which is much lower than that
found in the present study. According to the Danish national
dietary surveys, the rye bread intake did not change between
baseline of the present study and 2004°%. The difference
might be due to the participants included in the intervention
study being overweight and obese®® and therefore having
different dietary habits and lower rye bread intake. Previous
observational studies conducted in Finnish, Swiss and Danish
populations have reported C17: 0/C21 : O ratios. In these studies,
the C17:0/C21: 0 ratio for Danes (EPIC-Denmark) was 0-40, for
Finns 0-63, and for Swiss 017°%. As the intake of rye is even
higher in Finland than in Denmark, it is expected that the ratio
would also be higher in Finland than in Denmark®, and the
results obtained for the Danish populations are similar to the
findings of the present study. The results reported in the present
study support the utility of the C17:0/C21 : 0 ratio for compari-
son of types of whole grains consumed in different populations.

In the present study, cereal fibre intake was found to be
moderately or weakly correlated with plasma total AR concen-
trations. Overall, the correlations were higher in countries
with a wide range of plasma total AR concentrations, i.e.
Central Europe and Scandinavia, where the majority of the
correlations were >0-25. The highest correlations were
found in the UK general population, where the plasma total
AR concentrations were also highest. The correlations are
similar to what has been reported previously***%. In general,
stronger correlations have previously been found between
whole-grain wheat and rye intake and AR concentrations
than between cereal fibre intake and AR concentrations. This
is expected, because cereals other than wheat and rye as
well as refined grains contribute to cereal fibre intake, but
not to AR intake and plasma AR concentrations.

The present study demonstrates large variations in plasma
AR concentrations in the ten countries included in the EPIC
study, which seems to be largely due to differences in

whole-grain wheat and rye intake between the countries.
The plasma total AR concentrations were higher in Central
Europe and Scandinavia and lower in the Mediterranean
region. Using the AR C17:0/C21:0 ratio, it was found that
the Danish, German and Swedish participants consumed rye
in considerable amounts, whereas wheat was mostly con-
sumed in the other seven European countries included in
the study. We found modest/weak correlations with cereal
fibre intake estimated from the FFQ.
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