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Despite regional variations,
the use of these 3 products
is common in all Mediterranean countries.
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The Mediterranean diet trilogy

The underlying mechanisms by which a healthy diet can exert its
beneficial effects on CVD are not fully understood.
The benefits of the Mediterranean diet have been traditionally attributed
to its richness in antioxidants, due to a high vegetal food intake.
De Sosa et al.
Curr Vasc Pharmacol 2010.

The Mediterranean diet pattern has been shown to improve lipid
profile.
Nevertheless, it is becoming increasingly more accepted that the
information provided by HDL functionality and LDL pro-atherogenic
traits can be more informative with respect to the unexplained
cardiovascular risk of an individual.

Lipoproteins are a type of micelles in which the polar plasma lipids are located
on the hydrophilic surface and the non-polar lipids present in plasma are
placed into the hydrophobic core.
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HDL presents the micellar form and, unlike LDL,
has several types of apolipoproteins on its surface.
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Chemical modifications (by oxidation and inflammation) in HDL can affect
their physiological properties and reduce their functionality.

When HDL becomes oxidised the lipoprotein
becomes less useful for effluxing cholesterol

HDL: epidemiological evidences

Low HDL cholesterol levels
are an independent
cardiovascular risk factor
43% coronary events:
HDL-C <40 mg/dL
Castelli WP et al, JAMA, 1986

Predictive role even in
countries with low coronary
event incidence (ACS)
Pintó X et al, Clin Cardiol, 2007

Predictive role for
cerebrovascular diseases

Amarenco P et al, Atherosclerosis, 2008

Nevertheless, increasing
HDL cholesterol levels
do not always decrease
cardiovascular risk
Use of drugs that increase
HDL-C levels + statins 
No extra protective effects
(relative to statins)
Keene D et al, BMJ, 2014

Individuals with genetic
predisposition to have high
HDL-C levels 
No lower CHD risk
Voight BF et al, Lancet, 2012

New perspective:
HDL FUNCTIONAL PROPERTIES CAN ADD VALUABLE INFORMATION

HDL: functions

Cholesterol efflux capacity

Predictive value
Rohatgi A et al,
N Engl J Med, 2015
(CHD)
Khera AV et al,
N Engl J Med, 2011
(subclinical)

HDL role in other steps of reverse cholesterol transport
Cholesterol ester transfer protein (CETP)
Lecithin cholesterol acyltransferase (LCAT)
HDL antioxidant capacity
Antioxidant enzymes (paraoxonase-1, arylesterase)
Direct antioxidant capacity

HDL endothelial properties
Other HDL functions

Tang WH et al,
Circ Heart Fail 2011
(HF)

Mediterranean Diet and HDL functionality: state of the art

Mediterranean Diet and HDL functionality
• Mediterranean Diet  Better HDL-related lipid profile
Estruch R et al, Ann Intern Med, 2006
Solà R et al, Atherosclerosis, 2011

• Antioxidant-rich dietary interventions  ↑ HDL func ons
Qin Y et al, Am J Clin Nutr, 2009
Zhu Y et al, J Clin Endocrinol Metab, 2014
McEneny J et al, J Nutr Biochem, 2013
Daniels JA et al, Cardiovasc Diabetol, 2014
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With regard to LDL, it also presents the micellar form and, unlike HDL,
has only one lipoprotein on its surface (apoB).

The main pathophysiologic process responsible for CVDs is Atherosclerosis

Endothelial dysfunction
Steinl DC, Int J Mol Sci, 2015

LDL: epidemiological evidences

High LDL-C levels:
cardiovascular risk factor
Increases in 1% LDL-C levels:
↑ 2% CHD incidence
Wilson P, Am J Cardiol, 1990

Decreases in LDL-C levels
due to statin use 
↓ Incidence of major
cardiovascular diseases

Thavendiranathan P et al, N Engl J Med, 2006

Low LDL-C levels:
RESIDUAL CARDIOVASCULAR RISK
Most drugs that decrease
LDL-C levels + statins 
No extra protective effects
(relative to statins)
Ip C et al, Int J Cardiol, 2015

High CV risk individuals with
LDL-C <50 mg/dL 
Unexplained residual CV risk
Malave H et al, Am J Cardiol, 2012

LDL pro-atherogenic characteristics: atherogenicity

LDL: atherogenic characteristics

Predictive value

MeisingerC et al,
Modifications of LDL structure
Circulation, 2005
LDL oxidation
Gómez M et a.
Atherosclerosis
LDL resistance against oxidation
Glycation, acetylation, immune complexes, aggregation

LDL size

Hoogeveen RC et al,
ATBV, 2014 (sdLDL)

LDL particle number

Cromwell WC et al,
J Clin Lipidol, 2007

LDL composition
LDL electronegativity
LDL ex vivo cytotoxicity

Mediterranean Diet and LDL atherogenicity: state of the art

Mediterranean Diet and LDL atherogenicity
• Mediterranean Diet  ↓ LDL-C/HDL-C
Estruch R et al, Ann Intern Med, 2006
•

Richard C, Br J Nutr 2012

• Mediterranean Diet  ↓ LDL atherogenic traits, ↓ vsLDL, large LDL counts,
Fitó M et al, Arch Intern Med, 2007
Damasceno NRT et al, Atherosclerosis, 2013

In this context, our aim was to study the effects of a whole
Mediterranean diet pattern intervention on HDL functionality
and LDL pro-atherogenic traits,
in high cardiovascular risk individuals, within the frame of the
PREDIMED Study.

PREDIMED Study (Coordinator: Ramon Estruch)

Primary Prevention of Cardiovascular Disease
The PREDIMED Study, is a large, parallel-group, multicenter, randomised, controlled, trial that
aimed to assess the effects of the Traditional Mediterranean Diet on the Primary Prevention
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7,447 participants (at high CV risk) were recruited and assigned to 3 interventions:
TMD with VOO, TMD with mixed nuts, and a low-fat diet control group.
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Lipoproteins-PREDIMED Study: design and methodologies
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Physical activity did not change throughout the study.
Volunteers’ compliance was correct according to TMD adherence scores, the 1-year
food frequency questionnaire, and biomarkers of compliance.
Hernáez A et al, Circulation 2017

A decline in total cholesterol concentrations after the low-fat control diet, versus baseline
and TMD-VOO intervention was observed.
This was due mainly to a decrease in LDL cholesterol concentrations.
No significant changes in HDL cholesterol or ApoA-I concentrations were observed.
Hernáez A et al, Circulation 2017
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Low levels of large HDL and/or high levels of small HDL are present in coronary heart
disease, ischemic stroke, type-II diabetes mellitus and peripheral arterial disease patients.

The two main components of this analysis were able to explain
75.3% of total variance of the data.

The two main components of this analysis were able to explain
64.1% of total variance of the data.

HDL FUNCTIONALITY: The MD intervention improves NO synthesis, oxidative status, increased HDL size,
and promoted a greater HDL stability reflected as a triglyceride-poor core. Overall produces an
improvement of endothelial protection and cholesetrol efflux
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Strengths.
First, the involves a large sample size (n=296).
Second, it presents a randomized design with the presence of an
active comparator (low-fat diet).
Third, its duration is long (1 year of follow-up).
Last, it comprehensively assesses diverse HDL functions and HDL qualityrelated characteristics.

Limitations.
The participants of the trial were elderly people at high cardiovascular risk,
which hinders the extrapolation of our results to the general population.
As expected, we found only slight differences because the trial is based
on modest real-life modifications of the diet and the control diet is already
a well-known healthy dietary pattern.
The use of cellular models, although a noninvasive alternative to test
relevant physiological functions, may not have demonstrated the effect of
contraregulatory mechanisms, which can modify the final in vivo
outcome in humans.

Conclusions

Long-term adherence to a traditional Mediterranean Diet,
especially when supplemented with virgin olive oil, in high
cardiovascular risk individuals, is able to improve HDL
atheroprotective functions:
a. cholesterol efflux capacity,
b. HDL-C metabolism,
c. HDL antioxidant/anti-inflammatory properties,
d. and vasoprotective effects
Both TMDs increased cholesterol efflux capacity relative to
baseline.
The TMD-VOO intervention decreased cholesteryl ester transfer
protein activity relative to baseline

Conclusions

And the TMD-VOO intervention increased relative to the control
group:
HDL ability to esterify cholesterol,
paraoxonase-1 arylesterase activity,
and HDL vasodilatory capacity
Adherence to a TMD can induce these beneficial changes by
improving HDL oxidative status, composition, and size.
The 3 diets increased the percentage of large HDL particles relative
to baseline.
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Hernáez A et al, MNFR 2017

LDL ATHEROGENICITY: The MD intervention improve the oxidative/inflammatory status, increased LDL size,
and promoted a decrease of LDL oxidation. Overall produces a decrease of LDL cytotocicity
and atherogenicity.
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Conclusions

Long-term adherence to a traditional Mediterranean Diet is able to
reduce LDL atherogenicity in high cardiovascular risk individuals:
* it improve LDL resistance against oxidation and LDL oxidation
* decreases LDL size,
* improves LDL composition,
* and lowers LDL cytotoxicity in macrophages.

Conclusions

The Mediterranean Diet pattern, including virgin olive oil as it main
source of fat, is a useful tool for protecting against cardiovascular
risk linked to lipid homeostasis.
Mechanisms beyond an improvement of basic lipid profile can be the
enhance of cholesterol efflux promoted by HDLs, together with
endothelial protection, and antioxidant actions exerted by this
particle.
Changes towards a less atherogenic LDL profile can also play a role in
the amelioration of cardiovascular risk.
Particle composition and oxidative/inflammatory status can be
closely involved in HDL functionality and LDL atherogenicity.

Agraïments
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LA DONACIÓN POR PARTE DE LAS EMPRESAS ALIMENTARIAS DEL ACEITE DE OLIVA VIRGEN EXTRA Y
LOS FRUTOS SECOS ES UNA CONTRIBUCIÓN SUSTANCIAL AL ESTUDIO. NINGUNA DE ESTAS
COMPAÑÍAS HA DESEMPEÑADO NINGÚN PAPEL EN EL DISEÑO, RECOGIDA, ANÁLISIS NI
INTERPRETACIÓN DE LOS DATOS.
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Small LDL particles are also more atherogenic [22]:
* they remain longer in circulation (they interact more poorly with LDL receptors),
* they are more easily oxidized,
* and tend to traverse the endothelial barrier more than large ones [23].

Low fat diet intervention decreases total and LDL cholesterol, decreases the HDL
oxidation state, and increase the HDL size (also increase in a non significative way
the cholesterol efflux) but:
• Increases tryglicerides core-content in HDL
• Increases the HDL inflammatory index
• Increases remnants of cholesterol
• decreases LDL size

Nitrolipids
plant- and marine-derived omega-3 PUFA
nitrates - nitrites (acid pH)
(Green leafy vegetables, characteristic of the TMD, are rich sources of nitrates)
nitrolipids or nitro-fatty acids
(nitration)
NITRIC OXIDE

Nitric oxide generation from the nitrate-nitrite-nitric oxide pathway appears to be an
alternative source for nitric oxide synthase-dependent nitric oxide production, ensuring nitric
oxide bioavailability when the endogenous 1-arginine/NO synthase pathway is dysfunctional in
local hypoxic conditions
(Capurso C Vascul Pharmacol 2014)

•

stimulate smooth muscle relaxation
• platelet activation
• suppress inflammation process

Membrane and monolayer composition

La composició lipídica-proteïna de monocapes de lipoproteïnes i
bicapes de membranes cel·lulars s'associen íntimament al
consum d’àcids grassos i altres nutrients.
La composició d'àcids grassos de les monocapes de
lipoproteïnes i les membranes cel·lulars estan altament
relacionats amb la fluïdesa de la mono- o bi-capa, i per tant a la
viabilitat cel·lular final

Change in expression of cholesterol efflux-related genes was
reported after a moderate (25 mL/day) and regular 3-week intake of
olive oil in pre- and hypertensive subjects
(Farràs M et al., J Nutr Biochem 2013)

In addition, we recently have identified 6 potential loci associated
with HDL functionality in
HOXA3, PEX5, PER3, CMIP, and GABRR1
through a epigenome-wide association study and candidate gene
approach
(Sayols-Baixeras S et al. ATVB 2017).

One of the most highlight messages is that the main antioxidant of
lipoproteins, vitamin E content in HDL, is preserved with the
functional olive oil intervention.
This liposoluble vitamin is the main chain-breaking antioxidant in the
organism and its protection is a key indicator of the HDL state
(Farràs M et al. JBN under review)

Metabolism

The reduction in plasma LDL-C concentrations
with the MedDiet even in the absence of weight loss appears
to be primarily due to an increased LDL clearance combined
with reduced intestinal cholesterol absorption, rather than
to any change in endogenous cholesterol synthesis.
Richard C, Br J Nutr 2012

Phenolic compounds can selectively stimulate the growth of beneficial bacteria, such
as Lactobacillus which can participate in lowering cholesterol levels
(Landete, J. M. Food Chem. 2008)

Intestinal lactobacilli encodes bile-salt hydrolase which deconjugates bile acids, this
prevents their reabsorption, and promotes the excretion of larger amounts of free bile
acids in faeces
(De Smet, Ecol Health Dis 1994)

As synthesis of new bile acids rises in compensation, blood cholesterol levels fall
As a consequence, the uptake of low density lipoprotein by hepatic apo B:E receptors
is upregulated and blood cholesterol concentration decreases
(Brown MS, Annu Rev Biochem 1983)

Virgin olive oil, Mediterranean Diet and LDL atherogenicity: state of the art

Virgin olive oil and LDL atherogenicity
• MUFAs  ↓ LDL-C levels and ↓ LDL atherogenic traits
Schwab U et al, Food Nutr Res, 2014
Ashton EL et al, J Am Coll Nutr, 2001

• VOO  ↓ Circula ng levels of oxidized LDL
Covas MI et al, Ann Intern Med, 2006

• VOO  ↑ An oxidant content in LDLs
GimenoE et al,EurJClinNutr, 2002

Mediterranean Diet and LDL atherogenicity
• Mediterranean Diet  ↓ LDL-C/HDL-C
Estruch R et al, Ann Intern Med, 2006

• Mediterranean Diet  ↓ LDL atherogenic traits
Fitó M et al, Arch Intern Med, 2007
Damasceno NRT et al, Atherosclerosis, 2013

Virgin olive oil, Mediterranean Diet and HDL functionality: state of the art

Virgin olive oil and HDL functionality
• VOO  ↑ HDL-C levels

Covas MI et al, Ann Intern Med, 2006

• MUFAs  ↑ HDL func ons (in non-controlled, non-randomized trials)
Solà R et al, Arterioscler Thromb, 1993
Solà R et al, Free Radic Biol Med, 1997

• VOO  ↑ HDL func ons (in non-controlled, non-randomized trials)
Helal O et al, Br J Nutr, 2013
Loued S, Br J Nutr, 2013

• VOO  Improvement in the gene expression related to HDL function
FarràsM et al,JNutrBiochem, 2013

• VOO  Improvement in the endothelial function
VallsRM et al,. xxx

Mediterranean Diet and HDL functionality
• Mediterranean Diet  Better HDL-related lipid profile
Estruch R et al, Ann Intern Med, 2006
Solà R et al, Atherosclerosis, 2011

• Antioxidant-rich dietary interventions  ↑ HDL func ons
Qin Y et al, Am J Clin Nutr, 2009
Zhu Y et al, J Clin Endocrinol Metab, 2014
McEneny J et al, J Nutr Biochem, 2013
Daniels JA et al, Cardiovasc Diabetol, 2014

Despite regional variations,
the use of these 3 products
is common in all Mediterranean countries.

Wheat

Olive tree

Vineyard

The Mediterranean diet trilogy

Relevance of overall high-quality food patterns, rather than
the focus on single nutrients and foods, must be considered.

Relevance of overall highquality food patterns.

Synergistic interactions and cumulative effects among
different foods and nutrients can be behind the benefits

Synergistic interactions

(Scoditti E

Vascul Pharmacol 2014).

and cumulative effects

The underlying mechanisms by which a healthy diet can exert its
beneficial effects on CVD are not fully understood.
The benefits of the Mediterranean diet have been traditionally attributed
to its richness in antioxidants, due to a high vegetal food intake.
De Sosa et al.
Curr Vasc Pharmacol 2010.

Risk Factors
Non modifiable

Intermediate endpoints

• Age

Classical cardiovascular
Risk Factors

• Sex
• Family history/
genotype

Endpoints

• Coronary heart
disease

Modifiable

• Stroke

• Tobacco

• Hypertension

• Physical activity

• Blood lipids

• Peripheral vascular
disease

• Diet

• Obesity / overweight

• Health, well-being

• Diabetes / glucose
intolerance

Cardiovascular Disease Risk Factors (Adapted from Ordovas, J.M. (2006) Am J Clin Nutr 83, 443-446)

The Mediterranean diet pattern and virgin olive oil interventions has
been shown to improve lipid profile.
Nevertheless, it is becoming increasingly more accepted that the
information provided by HDL functionality and LDL pro-atherogenic
traits can be more informative with respect to the unexplained
cardiovascular risk of an individual.

Lipoproteins: delivery of lipids to peripheral cells
Daniels TF, Int J Biol Sci, 2009

LDLR

LDLR

ApoE-R

ApoE-R

LPL
LPL

The dietary lipids are transported by the lipoproteins of intestinal synthesis, and the lipids of endogenous
origin are transported by hepatic lipoproteins.
Given that cholesterol can be toxic for the cells when it is found at high levels, the uptake of lipid excess of
from peripheral cells is performed by HDL.

AAS
AAS

sPLA2
AAS

HDL

HDL

PAF-AH

PAF-AH
A2
PON1
PAF-AH
CETP

LCAT

During the systemic inflammatory processes, the serum amiloide A, among
other acute phase proteins, replaces the ApoA1 and PON1
and produces a pro-inflammatory HDL

LDL particle cholesterol concentration has been
associated with cardiovascular disease.
Nevertheless, the oxidative modifications on LDL also
play a key role in atherosclerosis onset and
development.

HDL-related techniques

REVERSE
CHOLESTEROL
TRANSPORT

HDL
ANTIOXIDANT
PROPERTIES

HDL
ENDOTHELIAL
FUNCTION

HDL QUALITYRELATED
PROPERTIES

Cholesterol efflux
capacity
LCAT activity /
HDL ability to
esterify
cholesterol
CETP
activity

Paraoxonase-1
activity
Total antioxidant
effect on LDLs
HDL
inflammatory
index

HDL vasodilatory
capacity

HDL oxidative
status
HDL resistance
against oxidation
HDL
composition
HDL size
distribution

LDL-related techniques

LDL
OXIDATION
LDL resistance
against oxidation
LDL oxidative
status

LDL
LIPID/PROTEIN
COMPOSITION
Apolipoprotein
B-100
Proteins in LDL
others than ApoB
Triglycerides in
isolated LDLs
Cholesterol in
isolated LDLs

LDL SIZE

LDL
EX VIVO
CYTOTOXICITY

LDL-C/ApoB
ratio

LDL cytotoxicity
in macrophages

Increased adherence to TMD after the TMD-VOO intervention was due to:
increases in the consumption of virgin olive oil, legumes, fish, white meat;
and decreases in the consumption of precooked foods and industrial
confectionary.

Increased adherence to TMD after the TMD-Nuts intervention was due to
increases in the consumption of nuts, virgin olive oil (less than in the
TMD-VOO intervention), fruit, vegetables, and oily fish
and decreases in the consumption of red and processed meat, precooked
meals, and industrial confectionary.

Last, adherence to a low-fat diet was observed as
a decrease in total fat intake (particularly saturated fats) resulting from decreases
in the consumption of high-fat dairy products, red and processed meat,
precooked meals, and industrial confectionary.

