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Recent evidence supports the cardioprotective role of a Mediterranean food
pattern. The major findings of the Greek and EPIC-Elderly cohort, the SUN study,
the Medi-RIVAGE and the PREDIMED trials are reviewed. Definitive answers will
come from ongoing primary prevention trials that assess clinical events as
outcomes.
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INTRODUCTION

Worldwide, the leading cause of mortality and disability-
adjusted life-years lost is cardiovascular disease (CVD).1

A clustering of CVD risk factors (obesity, type 2 diabetes,
hyperlipidemia, and hypertension) has been reported
repeatedly and has been related to the metabolic syn-
drome.2,3,4 The dramatic rise in the prevalence of these
conditions threatens to reverse the reductions in CVD
risk observed in most Western countries and also to cause
a pandemic expansion of CVD in many developing coun-
tries. These major CVD risk factors, especially obesity and
hypertension, are amenable to preventive interventions
through population changes in dietary habits. The Medi-
terranean food pattern (MFP) has attracted considerable
interest because of its potential advantages in the preven-
tion of CVD.5

The term MFP was defined at the International Con-
ference on the Diets of the Mediterranean in 19936 as the
dietary pattern found in the olive-growing areas of the
Mediterranean region during the early 1960s, as charac-
terized by the following: high olive oil consumption; high
consumption of legumes; high consumption of unrefined
cereals; high consumption of fruits; high consumption of

vegetables; moderate consumption of dairy products,
mostly as cheese and yogurts; moderate-to-high con-
sumption of fish; low consumption of meat and meat
products; and moderate wine consumption.

The yearly number of publications on this subject
has increased from less than 10 in 1985 to more than
100 in 2005, as the scientific community has recognized
the need for further clinical and longitudinal epidemio-
logical studies to achieve sound, evidence-based recom-
mendations. This is important since most of the
scientific articles published are observational epidemio-
logical studies (primarily ecological, cross-sectional, or
case-control studies), and almost all the reviews pub-
lished are nonsystematic and reflect merely an opinion
or a collection of articles rather than an objective analy-
sis of robust evidence.7 This article presents some of the
most recent developments in assessing the value of an
MFP against the occurrence of chronic diseases, includ-
ing results from ongoing intervention studies such as
the Medi-RIVAGE study in France, the PREDIMED
study in Spain, and prospective cohorts such as the
EPIC study and the SUN study that have been presented
at the I World Conference of Public Health Nutrition in
Barcelona.
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METHODS USED IN MAJOR STUDIES INVESTIGATING
THE MEDITERRANEAN FOOD PATTERN

Mediterranean diet and survival: the EPIC study in
Greece and in an elderly European population

The definition of the MFP was operationalized by devel-
oping an a priori 10-point score. A value of 0 or 1 was
assigned to each of nine indicated components, with the
sex-specific medians used as the cutoff points. For ben-
eficial components (vegetables, legumes, fruits and nuts,
cereal, and fish), persons whose consumption was below
the median were assigned a value of 0, and all others were
assigned a value of 1. For components presumed to be
detrimental (meat and dairy products), persons whose
consumption was below the median were assigned a
value of 1, and all others were assigned a value of 0. A
value of 1 was given to men consuming 10–<50 g of
alcohol per day and to women consuming 5–25 g. For
lipid intake, the ratio of monounsaturated fatty acids
[MUFAs] to saturated fatty acids [SFA] was calculated.
Those above the sex-specific median in the MUFA/SFA
ratio were given 1 point. Thus, the total Mediterranean-
diet score ranged from 0 (minimal adherence to the tra-
ditional Mediterranean diet) to 9 (maximal adherence).8,9

To assess the relationship between MFP and overall mor-
tality in a large sample of the general Greek population
and in elderly participants of the EPIC study, Cox’s mul-
tivariate regression models were used, adjusting for
potential confounders.

Mediterranean diet in the primary prevention of
nutrition-related chronic disease: the SUN study

The SUN study is a dynamic cohort of Spanish univer-
sity graduates.10,11 It began in 1999 and, as of September
2007, included more than 17,000 participants. Self-
reported data on obesity, hypertension, and physical
activity have been validated.12,13,14 A semiquantitative
food frequency questionnaire previously validated in
Spain is included.15

Cohort members who answered the baseline ques-
tionnaire before 11 November 2003 and who thus had the
chance to complete at least the first 2-year follow-up
questionnaire were included. In the analyses that used
hypertension as the outcome, prevalent cases of hyper-
tension and prevalent cases of cardiovascular disease, dia-
betes, or cancer were excluded. Participants with extreme
caloric intake or missing information in covariates were
excluded. Among the remaining participants, 87–91%
(depending on the specific analysis) answered at least one
follow-up questionnaire between 2002 and 2006.

Nonconditional logistic regression modeling or
Cox’s proportional hazard regression was used to adjust

for potential confounders, with quintiles of energy-
adjusted olive oil consumption and vegetable protein
intake considered as the exposure and incident cases of
hypertension as the outcome.

The association between quintiles of baseline olive
oil consumption and the subsequent change in body
weight was estimated using least-squares regression
models. The lowest quintile of total baseline olive oil con-
sumption was considered as the reference category of
exposure, and weight change during follow-up as the
outcome.

Nonconditional logistic regression models were
fitted to appraise the relationship between categories of
nut consumption and the risk of weight gain (�5 kg) or
the risk of becoming overweight/obese (body mass index
[BMI] � 25 kg/m2).

Medi-RIVAGE intervention study in subjects at high
cardiovascular risk

The Medi-RIVAGE study is an intervention study with a
Mediterranean diet-based nutritional approach that
included 212 volunteers from La Timone University
Hospital (Marseille, France) who were at high cardiovas-
cular risk. A Mediterranean-type diet (Med group) was
compared to a low-fat diet (low-fat group) for risk factors
of cardiovascular disease. The assessment included 169
patients who met at least one of the following eligibility
criteria: fasting plasma cholesterol concentration of
6.5–7.7 mmol/L; triacylglycerol concentration of 2.1–
4.6 mmol/L; glycemia (glucose concentration of 6.1–
6.9 mmol/l); systolic and diastolic pressure between
140–180 and 90–105 mm Hg, respectively; BMI (in
kg/m2) > 27; smoking; sedentary lifestyle; or family history
of CVD.16 After 3 months of dietary intervention, changes
in plasma concentration of glucose, insulin, total choles-
terol, low-density lipoprotein [LDL] cholesterol, high-
density lipoprotein [HDL] cholesterol, triacylglycerols,
fatty acids,carotenoids,vitamin B12, folates,apolipoprotein
(apo) E, apo A-I, apo B, and apo C-III, and insulin resis-
tance by homeostasis model assessment (HOMA) were
evaluated using a repeated measures two-factor analysis of
covariance.

Effects of a Mediterranean-type diet on cardiovascular
risk factors: the PREDIMED randomized trial

The PREDIMED (Prevencion con Dieta Mediterránea,
meaning Prevention with Mediterranean Diet) study is a
large-scale, ongoing, multicenter, randomized, primary
prevention trial in a high-risk population to assess the
effects of three healthy diets (low-fat diet, Mediterranean
diet rich in olive oil, and Mediterranean diet rich in tree
nuts) on cardiovascular outcomes (http://www.unav.es/
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preventiva/predimed).17 In the pilot study, 772 asymp-
tomatic persons aged 55 to 80 years with at least one of the
two following eligibility criteria were included: 1) type 2
diabetes and 2) �3 major cardiovascular risk factors
(current smoker, hypertension, LDL cholesterol
�160 mg/dL,HDL cholesterol �40 mg/dL,BMI � 25 kg/
m2, or a family history of premature cardiovascular
disease). Personalized dietary advice, which included rec-
ommendations on the desired frequency of intake of spe-
cific foods as well as advice to reduce the intake of all types
of fat, was given to each participant during a 30-minute
session, along with a leaflet that included American Heart
Association recommendations. Those assigned to the two
Mediterranean diet groups had a more intense behavioral
and educational intervention. Depending on the group,
participants allocated to the two Mediterranean-type diets
were given either complimentary virgin olive oil or
walnuts (15 g/day), hazelnuts (7.5 g/day), and almonds
(7.5 g/day). A 1-hour group session at baseline was con-
ducted specifically for each Mediterranean group, during
which participants were provided with written materials.
Body weight, blood pressure, lipid profile, glucose levels,
and inflammatory molecules were evaluated at 3 months
of follow-up.

RESULTS OF MAJOR STUDIES INVESTIGATING THE
MEDITERRANEAN FOOD PATTERN

Mediterranean diet and survival: the EPIC study in
Greece and in an elderly European population

A higher degree of adherence to the Mediterranean diet
was associated with a reduction in total mortality
(Table 1).8 A significant inverse association was apparent
for both total death and coronary heart disease mortality
or cancer mortality.Associations between individual food
groups contributing to the Mediterranean-diet score and
total or cause-specific mortality were generally much

weaker. Similar results were found for a modified
Mediterranean-diet score.9

Mediterranean diet in the primary prevention of
nutrition-related chronic disease: the SUN study

Olive oil consumption was not associated with weight
gain18 but was inversely associated with the incidence
of hypertension (Table 2).19 Intake of vegetable protein
was inversely associated with the risk of hypertension
(Table 2).20 Adherence to the Mediterranean diet was not
related to the incidence of hypertension, but a marginally
significant inverse association with weight gain was
found.21 The consumption of tree nuts was inversely asso-
ciated with weight gain.22

Medi-RIVAGE intervention study in subjects at high
cardiovascular risk

Although the dietary goals were only partially attained,
significant changes in dietary habits were observed in
both groups (low-fat diet and Mediterranean-type diet).
After 3 months of follow-up, participants assigned to a
Mediterranean-type diet experienced significantly higher
improvements in the majority of the cardiovascular risk
factors evaluated compared with those assigned to a low-
fat diet (Table 3).23

Effects of a Mediterranean-type diet on cardiovascular
risk factors: the PREDIMED trial

A Mediterranean diet supplemented with virgin olive oil
or a mixture of nuts resulted in lower blood pressure,
improved lipid profiles, decreased insulin resistance, and
reduced concentrations of inflammatory molecules after
3 months of follow-up compared with a low-fat diet
(Table 4).17

Table 1 Adjusted hazard ratios (HRs) for total mortality associated with a
two-point increment in the Mediterranean-diet score in the EPIC study.
Study population No. of deaths/no.

of participants
HR* (95% CI)

Greek EPIC 275/22,043 0.75 (0.65–0.87)
European EPIC-elderly

(�60 years)
4,047/74,607 0.92 (0.88–0.97)

* Greek EPIC data adjusted for age, gender, waist-to-hip ratio, energy-expenditure score,
years of education, smoking status, body mass index, consumption of potatoes,
consumption of eggs, and total energy intake. European EPIC-Elderly data adjusted for
age, gender, diabetes mellitus at baseline, waist-to-hip ratio, body mass index,
educational achievement, smoking status, physical activity at work, physical activity at
leisure, consumption of potatoes, consumption of eggs, consumption of sugar and
confectionery, and total energy intake.
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CONCLUSION

The results on mortality obtained from the different data-
bases of the EPIC study were compatible with the
reported survival advantage of adult Mediterranean
populations when compared with North American and
northern European populations. The results suggest the
existence of biologic interactions between different com-
ponents of the Mediterranean diet rather than an effect of
only one food group. There is no rationale to maintain the
fear that Mediterranean food items rich in fats of veg-
etable origin (olive oil or tree nuts) may cause weight gain
or be responsible for an increased risk of obesity, pro-
vided that the energy intake does not exceed energy
expenditure. Moreover, the marginal inverse association
between adherence to an MFP and weight gain suggests
that this association may be apparent with a larger
sample.

Although dietary goals were only partially reached,
the results from the Medi-RIVAGE study suggest a higher

protective effect against cardiovascular risk factors with a
Mediterranean-type diet compared to a low-fat diet, with
the advantage of greater compliance among those who
followed a Mediterranean diet.

Plausible mechanisms for the cardioprotection
afforded by an MFP include the improvement of lipid
profiles and the substantial reductions in blood pressure,
insulin resistance, and levels of systemic markers of
inflammation. These results represent only the pilot phase
of the PREDIMED trial, which is scheduled to recruit
several thousand participants and whose final results,
including clinical events, are expected in 2010. A longer
follow-up period will eventually provide stronger evi-
dence to evaluate the effect of an MFP supplemented with
olive oil or mixed tree nuts on clinical outcomes.17 Taken
together, these results increase the scientific evidence to
support the recommendation of promoting adherence to a
MFP in the primary prevention of chronic disease, as
presented here, as well as in the secondary prevention of
cardiovascular disease, as shown by other studies.

Table 2 Relative risk (odds ratios or hazard ratios [95% CI]) of developing hypertension according to baseline
consumption of olive oil or intake of vegetable protein.
Consumption pattern Quintile P for trend

1 2 3 4 5
Olive oil
Men

No. 437 438 438 438 438
Multivariate* OR 1 (ref.) 0.55 (0.28–1.10) 0.75 (0.39–1.43) 0.32 (0.15–0.70) 0.46 (0.23–0.94) 0.02

Women
No. 676 677 677 677 677
Multivariate* OR 1 (ref.) 0.74 (0.27–2.02) 0.97 (0.38–2.45) 1.14 (0.47–2.78) 0.97 (0.40–2.36) 0.74

Vegetable protein 1 2 3 4 5 P for trend
Person-years 2,722 2,727 2,722 2,709 2,646
Multivariate† HR 1 (ref.) 0.5 (0.3–0.9) 0.8 (0.5–1.4) 0.5 (0.3–1.0) 0.5 (0.2–0.9) 0.06

* Adjusted for age (in years), body mass index (defined as weight in kilograms divided by square of height in meters), energy intake,
alcohol consumption (in g/day), sodium intake (in mg/day), calcium intake (in g/day), and physical activity during leisure time (in
metabolic equivalents [METs]-h/week)
† Adjusted for age (continuous variable), sex, body mass index (linear and quadratic term), physical activity (4 categories), alcohol
consumption (5 categories), sodium intake (5 categories), total energy intake (continuous variable), smoking, hypercholesterolemia,
and intake of fruit, vegetable, fiber, caffeine, magnesium, potassium, low-fat dairy, monounsaturated fat, and saturated fat (quintiles).

Table 3 Mean relative changes in cardiovascular disease (CVD) risk factors
in the Medi-RIVAGE study by treatment group at 3 months of follow-up.
CVD risk factor Mediterranean group

(n = 88)
Low-fat group (n = 81) P value

Body mass index -5.2% -4.2% <0.05
Total cholesterol -7.4% -4.4% <0.05
LDL cholesterol -9.9% -5.4% <0.05
HDL cholesterol +1.5% +0.03% ns
Triglycerides -13.0% -7.9% <0.05
Glucose -3.0% -3.5% <0.05
Insulin -21.3% -17.5% <0.05
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; ns,
nonsignificant differences (P > 0.05).
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