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Abstract Background and aims: Differences in blood fatty acids (FAs) profile among populations
with different lifestyle have partly been attributed to differences in food intake. A holistic
approach in dietary guidance through dietary patterns is essential. This study aimed at evalu-
ating the main plasma and red blood cell (RBC) FAs in three European populations and assessing
the role of dietary patterns in explaining variation in their levels.
Methods: In the framework of the IMMIDIET Project, 1604 subjects (802 maleefemale pairs) aged
26e65 years were enrolled in Italy, Belgium and UK. Plasma and RBC FAs were measured. One
year recall food frequency questionnaires were used to evaluate dietary habits of each individual.
Results: Italian cohort showed lower plasma and RBC n� 3 levels than participants of the other
two populations (P< 0.001). Both plasma and RBC arachidonic acid were higher in Italian cohort
as compared to Belgian and English. Reduced rank regression analysis indicated two dietary pat-
terns explaining 35% and 17% of the total variation of the sum of plasma and RBC n� 3, respec-
tively. In a holistic dietary analysis, neither fish nor mollusks intake seemed to contribute to n� 3
variation as compared to vegetable oils and polyphenol-rich foods.
Conclusion: The Italian cohort presented significant lower plasma and RBC n � 3 FA levels
compared to Belgians and English. A holistic approach in dietary analysis seemed to explain a
relatively high proportion of plasma and RBC n � 3 FAs variability. Dietary pattern analysis
may contribute to the study of the association of human diet with FAs levels.
ª 2014 Elsevier B.V. All rights reserved.
ession; FA, fatty acid; CVD, cardiovascular disease; RBC, red blood cell; EPIC, European Prospective
n; FFQ, food frequency questionnaire; NAF, nutrition analysis of FFQ; FCT, food composition tables;
d pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL, low-density lipoprotein.
sted in the Supplementary material.
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Introduction

The majority of studies evaluating possible associations of
dietary habits with health outcomes focus on the effects of
single nutrients or foods on health or illness. However, the
complexity of the human diet, especially the interactions
between foods or nutrients, makes it more difficult to
evaluate their effects on diseases or on biological pre-
dictors or risk factors. Recently, new statistical methods
such as reduced rank regression (RRR) analysis have been
proposed to study the combined effect of foods on health
outcomes. As an “a posteriori” method, it includes the
construction of dietary patterns derived from the data at
hand; thus determining combinations of food intake that
explain as much response variation as possible in specific
populations [1].

Growing evidence suggests that blood fatty acids (FAs)
are major biomarkers-predictors and even causal factors
for many diseases, in particular cardiovascular disease
(CVD), cancer and nervous system diseases [2e5]. In that
context, omega-3 FAs (n� 3) and their interactions with
omega-6 FAs (n� 6) are obviously critical [2,3].

Consumption of n� 3, EPA (20:5n� 3) and DHA
(22:6n� 3), may improve cardiovascular health by altering
FA metabolism, inducing haemodynamic changes,
decreasing arrhythmias, modulating platelet function,
improving endothelial function and inhibiting inflamma-
tory pathways [2,3]. n� 3 Deficiency or insufficiency and
low blood/tissue n� 3 levels were associated with
increased disease risks [2,3,6].

Most population differences in prevalence and severity
of CVD such as between Northern European vs. Mediter-
ranean populations could in part be explained by popula-
tion differences in lifestyle and dietary habits [7]. Types of
fats consumed are among the possible factors explaining
the relations between dietary habits and CVD risk [8].

Despite the relation of FAs levels with the consumption
of some food groups, there is limited knowledge on the
possible association of whole dietary patterns with blood/
tissue FA profiles. Moreover, there is apparently no
comparative data on the levels of main FAs in blood/tissue
across different populations such as Northern vs. Southern
Europeans neither on dietary patterns that may explain
differences in FA profiles.

This study aimed at evaluating the main plasma and red
blood cell (RBC) FAs levels in three European populations
at different dietary habits and risk of CVD. We also eval-
uated the role of dietary patterns in relation to the
observed variation in n� 3 blood/tissue (plasma/RBC)
levels.

Subjects and methods

Participants

The IMMIDIET Project and the recruitment of subjects
were previously described [7]. Between October 2001 and
October 2003, 271 maleefemale pairs in the Abruzzo re-
gion in Italy, 268 pairs in the Flemish territory of Belgium
and 263 in South-West London in England, aged 26e65
years were enrolled in this cross-sectional study. Eligible
pairs were randomly selected in each country, by local
general practitioners. The recruitment strategies were
carefully defined and standardised across the recruiting
centres (see Supplementary file). Exclusion criteria for all
groups were as follows: history of cardiovascular disease,
diabetes mellitus, familial hypercholesterolaemia, malig-
nancies, chronic diseases like heart, liver or renal failure,
hypo/hyperthyroidism and epilepsy. The participation
rates were 85% in Italy, 70% in Belgium and 90% in UK. The
ethical committees of all participating institutions
approved the study. All study participants agreed by
written informed consent.

Dietary and lifestyle assessment

Interviews were taken using a standardised question-
naire previously adopted in the Olivetti Prospective Heart
Study [9].

The validated Italian and English European Prospective
Investigation into Cancer and Nutrition (EPIC) food fre-
quency questionnaires (FFQ) [10] were used to evaluate
dietary intake of 164 food items over the past year. Since a
valid EPIC-FFQ version was not available for the Belgian
subpopulation a new 322-item FFQ was developed to
assess the food intake of the BelgianeBelgian couples [11].
A computer programme, nutrition analysis of FFQ (NAF)
[12] converted questionnaire dietary data into frequencies
of consumption and average daily quantities of foods, en-
ergy and nutrients consumed. NAF was linked to the
McCance food composition tables (FCT) [13], the Italian
FCT for Epidemiological studies [14], and the Dutch NEVO
[15] and Flemish-Belgian Nubel FCTs [16]. For the purpose
of this study, the164 food items of EPIC-FFQ formed the 20
basic food groups that were included in the dietary
analysis.

Clinical assessment and biochemical measurement of FAs

Trained research personnel in the different recruitment
centres performed blood pressure (BP) and anthropo-
metric measurements. Systolic and diastolic BP was
measured with an automated device (OMRON-HEM-
705CP; OMRON Corporation, Amsterdam, Netherlands)
[17]. Body weight and height were measured in subjects
without shoes and wearing light clothing with the use of a
standard beam balance scale and attached ruler. BMI (kg/
m2) was calculated.

Blood samples were obtained between 7.00 and
9.00a.m. from patients who had been fasting overnight
and had refrained from smoking for at least 6 hours.
Measurements of serum lipids and blood glucose levels
were performed at the Institute of Food Sciences, CNR,
Avellino, Italy, by an automated analyser (Cobas-Mira-Plus,
Roche, Milano Italy). LDL-cholesterol was estimated by the
Friedewald formula [18].

FA measurements were performed at the Université
Joseph Fourier-CNRS, Faculté de Médecine, La Tronche,



Table 1 Distribution of individual clinical and anthropometric
characteristics according to country of residence.a

Country of residence Pb

Italy
(nZ 542)

Belgium
(nZ 536)

UK
(nZ 526)

Age (years) 44.4 (7.1)1,2 46.2 (8.5)1 48.0 (7.5)2 <0.001
BMI (kg/m2) 27.2 (4.4)1,2 26.1 (4.3)1,3 26.4 (4.3)2,3 <0.001
SBP (mmHg) 126 (18)1 123 (16)2 120 (18)1,2 <0.001
DBP (mmHg) 80 (11)1 78 (10) 77 (10)1 0.002
Total cholesterol

(mg/dl)
215 (37)1 227 (39)1,2 215 (39)2 <0.001

LDL-cholesterol
(mg/dl)

138 (33)1 149 (36)1,2 141 (35)2 <0.001

HDL-cholesterol
(mg/dl)

50 (13)1 56 (15)1,2 53 (14)2 <0.001

Triglycerides
(mg/dl)

132 (94)1,2 110 (68)1 109 (66)2 <0.001

Fasting glucose
(mg/dl)

76.1 (19.6)1,2 78.7 (11.4)1,3 88.9 (13.0)2,3 <0.001

Superscript numbers (1, 2, 3) indicated pairs of countries presenting
significant differences on individual clinical and anthropometric
characteristics, according to Bonferroni comparisons. Bonferroni
correction for multiple comparisons (9 tests and significance level
aZ 0.05) yield a corrected áZ 0.006 which indicated significant
differences at the aforementioned univariate analysis.
a Continuous data are presented as mean (standard deviation).
b P-values derived through one-way ANOVA F-tests for country

differences on normally distributed continuous characteristics.
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France. Blood samples (collected into EDTA), were sepa-
rated into plasma and packed cells by centrifugation and
kept frozen at �70 �C until FAs could be extracted. The FA
composition in red blood cells was shown to remain stable
for a long time at this temperature [19].

Plasma and RBC FAs were measured by gas chroma-
tography [8]. Lipids were extracted by a monophasic
method that uses a solution of hexane to isopropanol (3:2;
vol:vol) after adding heptadecanoic acid as an internal
standard. Extracted lipids were saponified and methylated
with 14% boron trifluoride in alcohol. After extraction, the
methylated FAs were quantified by gas chromatography
with flame ionization detection on a capillary column.
Hydrogen was the carrier gas. FA peaks were identified
and quantified by comparison with known standards, and
FA composition is reported as weight percentage of total
FAs. RBC EPA and DHA reported as weight percentage of
total FAs gave the “Omega 3 Index” [4].

Statistical analysis

The normality of continuous variables was tested graphi-
cally and presented as mean (standard deviation). Plasma
or RBC FA levels and dietary data were skewed so they are
presented as median (1ste3rd quartiles). Comparisons of
plasma or RBC FA levels between countries were per-
formed using the one-way ANOVA F-test on log-
transformed levels. After Bonferroni correction for multi-
ple comparisons alphaZ 0.003 (17-tests) was established
as significance cut-off point for both plasma and RBC FA
differences between countries. Comparisons of clinical and
anthropometric measurements between countries were
performed using one-way ANOVA F-test; while compari-
sons of dietary data were done using KruskaleWallis test.

RRR was used in order to derive dietary patterns that
better describe high blood n� 3 levels. RRR works with
two different sets of variables, called predictors and re-
sponses; it extracts linear functions of predictors (named
factors) that explain as much response variation as
possible [1]. In this study RRR-analysis was performed two
times. In each of both analyses the predictors were 21
dietary components and the responses were the log-
transformed total plasma n� 3 FAs (ALA, EPA, DPA, DHA)
values for the 1st model, and the log-transformed total
RBC n� 3 FAs (ALA, EPA, DPA, DHA) values for the 2nd
model. RRR-analysis produced each time one factor
model-dietary pattern. The correlations between each
extracted factor and dietary components are called factor
loadings; as a rule of thumb, we characterized the factor
using the dietary components with an absolute factor
loading �0.20. Each subject received, for each pattern, a
factor score (RRR-score), calculated by summing the
observed intakes of the 21 dietary components, each
weighted by its factor loading [1]. A higher value of this
score represents increased adherence to the factor-dietary
pattern that describes better the high total plasma or RBC
n� 3 level.

Spearman’s rho was used to quantify the association
between each dietary component indicated by the two
extracted dietary patterns with total plasma or RBC n� 3
levels. All tested hypotheses were two-sided. A P-val-
ue<0.05 was considered to reflect statistical significance.
STATA version 9, software was used for all calculations
except from RRR where SAS software version 9.1 was used.
PASW statistics software version 18.0 was used to produce
histograms and normal curves.
Results

Table 1 presents the clinical and anthropometric charac-
teristics of study participants according to country of
residence. Italian cohort seemed to be at lower age
compared to Belgian and British. In addition, BMI, SBP, DBP
and triglycerides presented higher in Italy compared to
Belgium or UK. However, Italian participants seemed to
have lower serum levels of LDL-cholesterol and fasting
glucose.

Plasma FAs levels

Table 2 shows the distribution of individual plasma FAs
according to country. A significant difference between the
three countries was observed for the majority of them.
Italian cohort showed higher plasma levels of myristic and
palmitic FAs but lower levels of arachidic acid as compared
to Belgian (P for all pair differences <0.001). No significant
difference was observed between Italian and English co-
horts for any saturated FAs (P for all >0.003).

Plasma n� 3 ALA, EPA, and DPA levels were lower in
Italian cohort compared to either Belgian or English



Table 2 Distribution of individual plasma FAs according to country of residence.

Country of residence Pb

Italy (nZ 542) Belgium (nZ 536) UK (nZ 526)

FAs (% of total FAs)a

Saturated
14:0 (myristic) 1.20 (0.83e1.61)1 1.06 (0.76e1.39)1,2 1.17 (0.87e1.55)2 <0.001
16:0 (palmitic) 22.0 (20.7e23.7)1 21.6 (20.2e23.1)1 21.7 (20.5e23.2) <0.001
18:0 (stearic) 5.67 (5.13e6.22) 5.85 (5.25e6.48) 5.72 (5.26e6.24) 0.004
20:0 (arachidic) 0.04 (0.03e0.05)1 0.05 (0.04e0.07)1,2 0.04 (0.03e0.05)2 <0.001

Unsaturated
18:3n� 3 (a-linolenic) 0.44 (0.36e0.56)1,2 0.83 (0.66e1.01)1,3 0.89 (0.73e1.06)2,3 <0.001
20:5n� 3 (Eicosapentaenoic) 0.60 (0.46e0.82)1,2 0.92 (0.69e1.25)1,3 1.27 (0.99e1.65)2,3 <0.001
22:5n� 3 (Docosapentaenoic) 0.41 (0.34e0.51)1,2 0.54 (0.45e0.63)1,3 0.63 (0.55e0.73)2,3 <0.001
22:6n� 3 (Docosahexaenoic) 1.88 (1.51e2.26)1,2 2.06 (1.72e2.53)1,3 2.25 (1.79e2.94)2,3 0.003
18:2n� 6 (Linoleic) 29.8 (26.4e33.0)1,2 33.5 (30.0e36.7)1,3 31.3 (27.7e34.0)2,3 <0.001
18:3n� 6 (g-linolenic) 0.59 (0.48e0.77)1,2 0.50 (0.39e0.64)1 0.54 (0.42e0.67)2 <0.001
20:2n� 6 (Eicosadienoic,) 0.18 (0.15e0.23)1 0.23 (0.20e0.26)1,2 0.20 (0.17e0.23)2 <0.001
20:3n� 6 (Dihomo-g-linolenic) 1.67 (1.45e1.92)1,2 1.46 (1.22e1.70)1 1.49 (1.31e1.73)2 <0.001
20:4n� 6 (Arachidonic) 8.23 (6.95e9.26)1,2 7.45 (6.44e8.46)1,3 6.82 (6.00e7.73)2,3 <0.001
22:4n� 6 (ardenic) 0.21 (0.18e0.25)1 0.21 (0.17e0.25)2 0.18 (0.15e0.23)1,2 <0.001
16:1n� 7 (palmitoleic) 2.13 (1.69e2.92)1 2.13 (1.66e2.88)2 2.70 (2.16e3.37)1,2 <0.001
18:1n� 7(cis-vaccenic) 1.63 (1.43e1.90)1 1.56 (1.38e1.75)1,2 1.64 (1.44e1.91)2 <0.001
18:1n� 9 (oleic) 21.8 (19.7e24.0)1,2 18.4 (16.8e20.4)1,3 19.9 (18.1e21.7)2,3 <0.001
20:3n� 9 (mead) 0.14 (0.11e0.19)1,2 0.10 (0.08e0.13)1,3 0.12 (0.09e0.16)2,3 <0.001

Superscript numbers (1, 2, 3) indicated pairs of countries with significantly different levels on each FA according to Bonferroni comparisons.
Bonferroni correction for multiple comparisons (17 tests and significance level aZ 0.05) yield a corrected áZ0.003 which indicated significant
differences at the aforementioned univariate analysis.
a Plasma FAs were presented as median (1ste3rd quartiles) because their distributions were skewed.
b P-values derived through one-way ANOVA F-tests for country differences on log-transformed plasma FAs levels.
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participants (P for all pair differences< 0.001< áZ 0.003,
Bonferroni correction for multiple comparisons) (Table 2).
Plasma DHA was lower in Italian cohort compared to
Belgian or English; while levels in UK were the highest (P
for all pair differences< 0.001< áZ 0.003). The trend of
Italian participants to have lower plasma n� 3 than the
participants of the other two populations is also illustrated
in Supplementary Fig. S1.

The distribution of plasma n� 6, n� 7 and n� 9 pre-
sented significant differences among the three countries
with no specific trends (Table 2). n� 6 LAwas lower and AA
and oleic acid were higher in Italy compared to Belgium or
UK (P for all pair differences< 0.001< áZ 0.003).
RBC FAs levels

The distribution of RBC FA levels according to country is
illustrated in Table 3. Most of saturated and unsaturated
RBC FAs followed the same trend observed for plasma FAs.
RBC myristic acid levels were lower in Italian cohort
compared to Belgian and English. On the contrary, palmitic
acid levels were in Italy higher than in Belgium and lower
than in UK (P for all pair differences< 0.001< áZ 0.003,
Bonferroni correction for multiple comparisons). No sig-
nificant differences were observed for stearic and arachidic
acids (P for all >0.003Z á).

RBC n� 3 ALA, EPA, and DPA were lower in Italian
cohort compared to Belgian and English (P for all pair
differences< 0.001< áZ 0.003, Bonferroni correction for
multiple comparisons) (Table 3), while DHA levels differed
only between English and Belgian cohorts (P for all pair
differences<0.001<áZ 0.003) and no significant differ-
ence was observed with Italian participants (P for pair
differences>áZ 0.003). This was also evident for the
omega-3 index, which was significantly lower in Italian
cohort compared to Belgian or English (P for all pair dif-
ferences< 0.001< áZ 0.003). The trend of Italian cohort
to have lower n� 3 RBC compared with the two other
populations is also illustrated in Supplementary Fig. S2.

The distribution of n� 6, n� 7 and n� 9 FA in RBC
presented also significant differences among the three
populations, although without specific trends (Table 3). N-
6 LA (the substrate for the endogenous synthesis of the
n� 6 AA) levels were lower in Italy compared to Belgium
and UK whereas AA levels were higher in Italy (P for all
pair differences<0.001<áZ 0.002).
Dietary patterns in relation to n� 3 FAs levels

RRR-analysis was used in order to derive dietary patterns
that could fully describe the high plasma and RBC n� 3
levels (Table 4).

Model 1 identified a factor-dietary pattern explaining
35% of the total variation of total plasma n� 3. This pattern
was described by high consumption of cabbages and root
vegetables, dairies, vegetable oils, chocolate, coffee and tea
and mayonnaise; and low intake of cheese, pasta and rice,
red meat and processed products and olive oil.

The model 2 revealed a factor-dietary pattern explain-
ing 17% of the total variation of total RBC n� 3. This dietary



Table 3 Distribution of individual RBC FAs according to country of residence.

Country of residence Pb

Italy (nZ 542) Belgium (nZ 536) UK (nZ 526)

FAs (% of total FAs)a

Saturated
14:0 (myristic) 0.27 (0.22e0.35)1,2 0.29 (0.24e0.36)1,3 0.32 (0.26e0.39)2,3 <0.001
16:0 (palmitic) 21.4 (20.6e22.1)1,2 21.0 (20.4e21.9)1,3 22.1 (21.2e23.2)2,3 <0.001
18:0 (stearic) 15.8 (15.0e16.6) 16.0 (15.1e16.8) 16.1 (15.2e16.9) 0.006
20:0 (arachidic) 0.08 (0.07e0.09) 0.09 (0.08e0.10) 0.09 (0.07e0.10) 0.48

Unsaturated
18:3n� 3 (a-linolenic) 0.09 (0.07e0.11)1,2 0.19 (0.16e0.23)1 0.19 (0.16e0.23)2 <0.001
20:5n� 3 (Eicosapentaenoic) 0.63 (0.52e0.78)1,2 1.00 (0.82e1.27)1,3 1.21 (0.97e1.57)2,3 <0.001
22:5n� 3 (Docosapentaenoic) 2.54 (2.92e2.24)1,2 3.09 (2.83e3.40)1,3 3.30 (2.92e3.65)2,3 <0.001
22:6n� 3 (Docosahexaenoic) 6.16 (5.35e6.91) 6.40 (5.49e7.22)1 6.15 (5.03e7.27)1 <0.001
18:2n� 6 (Linoleic) 10.8 (10.1e11.9)1,2 12.4 (11.6e13.4)1,3 11.8 (10.9e12.7)2,3 <0.001
18:3n� 6 (g-linolenic) 0.06 (0.05e0.07) 0.06 (0.04e0.08) 0.06 (0.05e0.08) 0.03
20:2n� 6 (Eicosadienoic) 0.22 (0.20e0.25)1 0.26 (0.23e0.30)1,2 0.22 (0.20e0.26)2 <0.001
20:3n� 6 (Dihomo-g-linolenic) 1.91 (1.67e2.19)1,2 1.77 (1.57e2.03)1 1.80 (1.56e2.06)2 <0.001
20:4n� 6 (Arachidonic) 19.3 (18.2e20.4)1,2 18.3 (17.3e19.3)1,3 16.6 (15.3e17.8)2,3 <0.001
22:4n� 6 (ardenic) 3.66 (3.32e4.05)1,2 3.30 (2.90e3.73)1,3 2.76 (2.37e3.20)2,3 <0.001
16:1n� 7 (palmitoleic) 0.30 (0.23e0.41)1,2 0.35 (0.27e0.46)1,3 0.40 (0.31e0.53)2,3 <0.001
18:1n� 7(cis-vaccenic) 1.65 (1.41e1.88)1,2 1.24 (1.13e1.49)1,3 1.48 (1.22e1.81)2,3 <0.001
18:1n� 9 (oleic) 14.4 (13.5e15.2)1 13.4 (12.7e14.1)1,2 14.5 (13.8e15.2)2 <0.001
20:3n� 9 (mead) 0.08 (0.06e0.10)1,2 0.06 (0.05e0.07)1,3 0.07 (0.05e0.09)2,3 <0.001

Omega-3 index (EPAþDHA) 6.82 (5.93e7.71)1,2 7.44 (6.33e8.48)1 7.42 (6.06e8.72)2 <0.001

Superscript numbers (1, 2, 3) indicated pairs of countries with significantly different levels on each FA according to Bonferroni comparisons.
Bonferroni correction for multiple comparisons (17 tests and significance level aZ 0.05) yield a corrected áZ 0.003 which indicated significant
differences at the aforementioned univariate analysis.
a RBC FAs were presented as median (1ste3rd quartiles) because their distributions were skewed.
b P-values derived through one-way ANOVA F-tests for country differences on log-transformed RBC FAs levels.

Table 4 Results from RRR-analyses that evaluated the dietary
patterns associated with blood n� 3 FAs levels of IMMIDIET
population.

NZ 1604 Factor loadings

Model 1a Model 2b

Food product groups (g/day)
Starches (bread, potatoes, legumes)
Cabbages and root vegetables 0.48 0.42
Leafy vegetables and tomatoes
Fruits and fruit or vegetable juices
Diaries 0.29
Cheese �0.22
Pasta, rice �0.31 �0.28
Red meat and products �0.27 �0.24
White meat and products
Fishes 0.49
Mollusks 0.25
Vegetable oils 0.21 0.20
Olive oil �0.29 �0.26
Nuts and seeds
Fats and pizza
Sweets and sugars
Snacks
Chocolate, coffee and tea 0.40 0.27
Mayonnaise 0.20 0.22
Alcoholic drinks
Alcohol contained in all food groups
a Model 1 derived through RRR-analysis with main outcome the

log-transformed total plasma n� 3 FAs. Factor loadings with abso-
lute values lower than 0.20 were not presented for simplicity.
b Model 2 derived through RRR-analysis with main outcome the

log-transformed total RBC n� 3 FAs. Factor loadings with absolute
values lower than 0.20 were not presented for simplicity.
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pattern was described by high intake of cabbages and root
vegetables, fishes, mollusks, vegetable oils, chocolate,
coffee and tea and mayonnaise and low intake of pasta and
rice, red meat and processed products and olive oil.

Population differences in dietary patterns related to
n� 3 FAs

Italian cohort had lower RRR-scores in both models
compared with Belgian and English (Table 5) (P< 0.001).
The analysis of food group consumption confirmed the low
adherence to the two dietary patterns identified by RRR-
analysis. In particular, the intake of several food groups
such as cabbages and root vegetables, diaries, vegetable
oils, chocolate, coffee, tea and mayonnaise that should be
consumed mostly according to these patterns were
significantly lower in Italy compared to Belgium or UK
(P< 0.001).

Discussion

The main finding of this study comparing three European
study populations is that there are striking differences in
plasma and RBC FA profiles and, in particular, that Italian
participants have lower plasma and RBC n� 3 FA levels
compared to Belgians and English. Apparently for the first
time, dietary pattern analysis identified two dietary pat-
terns associated with high plasma and RBC levels of n� 3
FA, respectively. These patterns, explained the 35% and the



Table 5 Dietary habits of IMMIDIET population according to country of residence.a

NZ 1604 Country of residence Pb

Italy (nZ 542) Belgium (nZ 536) UK (nZ 526)

RRR-score from patterns analysis 1c �1.23 (�1.70, �0.74) 0.09 (�0.43, 0.56) 1.07 (0.50e1.65) <0.001
RRR-score from patterns analysis 2c �0.79 (�1.28, �0.16) 0.13 (�0.42, 0.72) 0.36 (�0.12, 0.97) <0.001

Food groups (g/day)
Starches (bread, potatoes, legumes) 169 (112e251) 326 (251e412) 198 (139e265) <0.001
Cabbages and root vegetables 40 (26.3e69.0) 95 (69e132) 165 (107e224) <0.001
Leafy vegetables and tomatoes 125 (85e167) 83 (116e154) 103 (68e151) <0.001
Fruits and fruit or vegetable juices 365 (248e530) 226 (126e398) 243 (142e381) <0.001
Diaries 125 (14e224) 98 (26e208) 285 (351e507) <0.001
Cheese 43 (28e68) 49 (24e80) 17 (5e27) <0.001
Pasta and rice 71 (44e101) 44 (29e64) 30 (18e56) <0.001
Red meat and products 106 (72e154) 148 (105e209) 45 (29e80) <0.001
White meat and products 45 (29e62) 52 (35e69) 50 (25e59) <0.001
Fishes 26 (16e38) 22 (14e35) 11 (5e22) <0.001
Mollusks 7.6 (3.6e16.2) 10.5 (0e18.2) 6.7 (3.8e12.0) 0.10
Vegetable oils 0.8 (0.4e0.8) 19 (9e36) 15 (4e28) <0.001
Olive oil 25 (19e33) 3.6 (2.3e5.8) 0 (0e22) <0.001
Nuts and seeds 0.2 (0.2e0.7) 1.8 (0e7.0) 1.1 (0.7e3.4) <0.001
Fats and pizza 47 (33e67) 49 (19e74) 23 (11e36) <0.001
Sweets and sugars 96 (49e177) 230 (120e486) 101 (47e198) <0.001
Snacks 14 (5e30) 14 (7e25) 3 (1e10) <0.001
Chocolate, coffee and tea 130 (90e195) 671 (391e1062) 964 (681e1358) <0.001
Mayonnaise 0.1 (0e0.5) 7.0 (3.5e10.5) 2.6 (1.0e6.9) <0.001
Alcoholic drinks 84 (7e258) 134 (35e346) 94 (19e240) <0.001
Alcohol contained in all food groups 6.0 (0.3e23.8) 8.6 (2.6e23.5) 12.7 (10.2e14.9) <0.001
Total energy intake (kcal/d) 2324 (1940e2852) 2644 (2210e3291) 2114 (1756e2603) <0.001
Total protein (%kcal/d) 15.9 (14.6e17.3) 17.0 (15.6e18.5) 14.5 (13.1e16.0) <0.001
Total carbohydrates (%kcal/d) 49.3 (44.0e54.3) 42.4 (39.0e46.7) 47.8 (43.9e52.1) <0.001
Total fibres (g/d) 16 (13.2e19.8) 22.8 (18.7e27.6) 14.1 (11.0e17.5) <0.001
Total fat (%kcal/d) 33.6 (30.5e37.6) 36.6 (33.1e40.1) 36.9 (33.4e40.5) <0.001
Total saturated lipids (%kcal/d) 11.8 (10.2e13.2) 14.4 (12.9e16.3) 11.9 (10.0e14.0) <0.001
Total monounsaturated lipids (%kcal/d) 16.2 (14.2e18.2) 12.2 (11.0e13.4) 13.1 (10.8e15.3) <0.001
Total polyunsaturated lipids (%kcal/d) 3.7 (3.3e4.1) 6.6 (5.7e8.0) 7.5 (5.3e7.5) <0.001
a Results of dietary variables were presented as median (1ste3rd quartiles) because their distributions were skewed.
b P-values derived through KruskaleWallis test for country differences.
c Each of the RRR-scores 1 and 2 was derived through RRR-analysis with main outcome the log-transformed total plasma and RBC n� 3 FAs,
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17% of the variation of plasma and RBC n� 3 FA, corre-
spondingly. Italian cohort showed lower adherence
compared to Belgian and English to both patterns, as
confirmed by food group consumption analysis.

Plasma and RBC n� 3 FA levels in Italians appeared to
be low in absolute values too and close to those observed
in patients with CVD [8]. These levels were similar to those
observed in Italian patients enrolled in the GISSI-HF trial
[20] and lower than those measured in the English pop-
ulation of the EPIC-Norfolk study [21]. The omega-3 index
of these apparently healthy Italians would classify them as
“at intermediate risk” for CVD [4].

The diet of Italians included in our study was by one
side characterized by relatively high intakes of olive oil,
fruits and leafy vegetables, tomatoes, pasta, rice and fish as
compared with English and Belgians; on the other side,
they were lower consumers of cabbages and root vegeta-
bles, diaries, vegetable oils, chocolate, coffee and tea and
mayonnaise. In both n� 3-inducing dietary patterns
identified in this study, the consumption of these foods
was associated with higher n� 3 levels despite their low
content in n� 3 (except nuts), suggesting important
interactions among substances present in these foods that
may regulate the metabolism and the levels of n� 3.

Some of the relations between foods and n� 3 FAs
observed in this study could be in part explained by dif-
ferences in oil consumption. The three populations actu-
ally consumed different vegetable oils. Italians almost
exclusively used olive oil, which is poor in both n� 3 and
n� 6 but is rich in oleic acid. In contrast, in UK and
Belgium, participants consumed greater quantities of
vegetable oils, margarines and mayonnaises that are all
relatively high in n� 6 and n� 3. As ALA and LA are the
precursors of the other long-chain n� 3 and n� 6 through
endogenous elongation/desaturation [2], this implies that
all the other n� 3 and n� 6 FA would be different across
the three populations.

Other observed associations between food intake and
FAs blood levels are to be mentioned. Fish and mollusks
are reportedly the main sources of EPA, DPA and DHA [23].
Italian participants consume more fish, twice the amount
eaten by English, yet they show levels of plasma EPA, DPA
and DHA about 50% lower. Thus the most reasonable
explanation for the low EPA and DPA levels in Italian study
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population is that the synthesis of both these FAs from ALA
is partly inhibited [24,25]. This is in line with their high AA
levels. There is indeed competition between n� 3 and
n� 6 for the respective synthesis of EPA and AA, and low
ALA is considered a factor for the preferred synthesis of AA
from LA instead of EPA from ALA [24,25].

When the whole dietary habits were taken into account
through RRR-analysis, fish intake was a significant food
component in the model explaining variations in RBC n� 3
but not in the model explaining variations in plasma n� 3.
RBC FAs levels reflect a more stable condition [8] and the
concentration may represent a long-term nutritional sit-
uation and the results of complex metabolic interactions.
On the other hand, the variation in n� 3 content of
different species of fish and “farmed” or “wild” ones
[13,14,26] could not be considered in the present analysis.
Only the total intake of fishes was taken in account. By this
way the inside food group variation in EPA and DHA
content could not be expressed.

In contrast, other food groups belonging to the two
dietary patterns, such as cabbages, root vegetables, choc-
olate, coffee and tea, were significantly associated with
variations in both plasma and RBC n� 3, although these
foods do not contain significant amounts of n� 3. How-
ever, they contain high amounts of antioxidant vitamins
and phytochemicals, which were shown to increase
plasma and RBC n� 3 in both human and animal studies
[27e29].

Some of the above mentioned food group consumption
such as cabbages and vegetables is associated with vege-
table oils intake, at high content of n� 3 FA, as an inter-
nationally typical cooking and serving habit. This may
overestimate their high contribution in dietary pattern
extraction.

Further studies are needed to examine whether the
findings reported here for Italians also apply to some other
Mediterranean populations.

Despite the importance of the present work limitations
still exist. The cross-sectional design of this study does not
enable determination of causality. This study was not
aimed at investigating biological mechanisms and further
studies are necessary to investigate at which level(s) the
foods identified in the two dietary patterns interfere with
the metabolism of n� 3 and n� 6 FA. Furthermore, the
FFQ used in this study does not allow precise evaluation of
each specific n� 3 and n� 6 FA and the kind of fish eaten,
as fatty vs. non-fatty fish. Possible errors by misreporting
in the evaluation of the dietary habits of each individual
should be acknowledged. Finally, the adherence of dietary
patterns extracted by the present setting has not been
evaluated in association with FAs levels in other study
samples. This is limiting the generalization of our conclu-
sions and makes important the confirmation of present
results by other similar studies.

Concluding, the Italian cohort presented significant
lower plasma and RBC n� 3 FA levels compared to Bel-
gians and English. A holistic approach in dietary analysis
seemed to explain a relatively high proportion of plasma
and RBC n� 3 FAs variability. Dietary pattern analysis may
contribute to the study of the association of human diet
with FAs levels.
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