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Abstract: Dietary patterns high in refined starches, sugar, and saturated and trans-fatty acids, poor in natural antioxidants
and fiber from fruits, vegetables, and whole grains, and poor in omega-3 fatty acids may cause an activation of the innate
immune system, most likely by excessive production of proinflammatory cytokines associated with a reduced production
of anti-inflammatory cytokines. The Mediterranean Diet (MedDiet) is a nutritional model inspired by the traditional
dietary pattern of some of the countries of the Mediterranean basin. This dietary pattern is characterized by the abundant
consumption of olive oil, high consumption of plant foods (fruits, vegetables, pulses, cereals, nuts and seeds); frequent
and moderate intake of wine (mainly with meals); moderate consumption of fish, seafood, yogurt, cheese, poultry and
eggs; and low consumption of red meat, processed meat products and seeds. Several epidemiological studies have
evaluated the effects of a Mediterranean pattern as protective against several diseases associated with chronic low-grade
inflammation such as cancer, diabetes, obesity, atherosclerosis, metabolic syndrome and cognition disorders. The adoption
of this dietary pattern could counter the effects of several inflammatory markers, decreasing, for example, the secretion of
circulating and cellular biomarkers involved in the atherosclerotic process. Thus, the aim of this review was to consider
the current evidence about the effectiveness of the MedDiet in these chronic inflammatory diseases due to its antioxidant
and anti-inflammatory properties, which may not only act on classical risk factors but also on inflammatory biomarkers

such as adhesion molecules, cytokines or molecules related to the stability of atheromatic plaque.
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INTRODUCTION

The World Health Organization (WHO) recognizes that
diet plays an important role in preventing non-communicable
diseases. Unhealthy nutrition, as well as other adverse
lifestyle health behaviors are recognized as being part of the
prime factors responsible for cardiovascular disease (CVD),
diabetes, malignant cancer and chronic disease of the
respiratory system [1].

Epidemiological studies such as the Seven Countries
Study in the 60s [2] demonstrated a great interest in the
Mediterranean diet (MedDiet) as a healthy eating pattern.
These epidemiological studies have shown that high adherence
to traditional MedDiet was associated with a lower mortality
and cardiovascular disease incidence, reducing the risk of
developing the metabolic syndrome, type 2 diabetes, and
some neurodegenerative diseases and cancers [3].

The MedDiet is a nutritional model inspired by the
traditional dietary pattern of some of the countries of the
Mediterranean basin. At least 16 countries border the
Mediterranean Sea. Diets vary between these countries and
also between regions within the same country. Many
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differences in culture, ethnic background, religion, economy
and agricultural productions result in different diets, but the
common Mediterranean dietary pattern (MDP) gather the
following characteristics: abundant consumption of olive oil
and high consumption of fruits, vegetables, cereals (preferably
as whole grain), legumes, nuts and seeds. The MDP also
includes moderate consumption of fish and shellfish, white
meat, eggs, and fermented dairy products (cheese and yogurt),
as well as relatively small amounts of red meat, processed
meats, and foods rich in sugars. Frequent but moderate
intake of wine, especially red wine with meals is also
recommended [4, 5]. The MedDiet is characterized by a
relatively high fat intake (40%—50% of total daily calories),
of which saturated fatty acids (SFA) comprises < 8% and
monounsaturated fatty acids (MUFA), mainly from olive oil,
between 15%-25% of calories. It is characterized by a high
omega-3 fatty acid intake from fish and plant sources and a
low Omega-6:0mega-3 ratio of 2:1-1:1 compared to 14:1 in
Europe [4, 6]. High consumption of dietary fiber [7], low
glycemic index and glycemic load [8], anti-inflammatory
effects [9], and antioxidant compounds [10, 11] may act
together to produce favorable effects on health status.

Effects of the Mediterranean Diet on Inflammation

Dietary patterns high in refined starches, sugar, and
saturated and trans-fatty acids, poor in natural antioxidants
and fiber from fruits, vegetables, and whole grains, and poor
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in omega-3 fatty acids may cause an activation of the innate evidence of a central role of inflammation in CVD, type 2
immune system, most likely by excessive production of diabetes or cancer. In contrast, concentrations of anti-
proinflammatory cytokines associated with a reduced inflammatory adipokine adiponectin were inversely associated
production of anti-inflammatory cytokines. with CVD, type 2 diabetes, and obesity-related cancer [12,

13]. Thus, the MedDiet could be used as dietary therapy for

Chronic disease risk links behavioral factors and obesity chronic low-grade inflammation-related discases (Fig. 1)

through an underlying pathophysiological mechanism, that

is, chronic low-grade inflammation. Elevated levels of
inflammatory biomarkers such as C-reactive protein (CRP), MEDITERRANEAN DIET AND CARDIOVASCULAR

interleukin (IL) 6 and 18, fibrinogen, and adhesion molecules DISEASE

(e.g., E-selectin, intercellular adhesion molecule 1 (ICAM-1), Since the turn of the 21st century, coronary heart disease
and vascular cell adhesion protein 1 (VCAM-1) sustain (CHD) has been a major cause of death and disability in
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Fig. (1). Modulation of the Mediterranean diet on the immune factors providing protective effect against cardiovascular disease or
cancer. Accumulation of oxidised low-density lipoprotein (oxLDL), starting in the fatty streaks, promotes the inflammatory response.
Oxidized lipids and oxLDL trigger the expression of adhesion molecules (VCAM-1, mainly) and other mediators such as selectins and
integrins, promoting the recruitment of monocytes into the subendothelial space in response to chemo-attractant cytokines. Successive
accumulation of apoptotic cells, debris and cholesterol crystals form a necrotic core. Macrophages can be either classically activated (M1) or
alternatively activated (M2). M1 monocytes display pro-inflammatory activity and could promote plaque vulnerability while, M2 monocytes
are associated with homeostatic activity but could be pro-atherogenic in the early stages while promoting plaque stability in the later stages.
Finally, in late stages atheromatic plaque may become unstable, leading to cap rupture, ensuing thrombosis and finally, cardiovascular
events. The MedDiet exerts an anti-inflammatory and a modulating effect on CRP, interleukins such as IL-1, IL-6 as well as on TNF-o and
its receptors, or chemoattractant molecules as MCP-1 or soluble adhesion molecules (sVCAM-1, sICAM-1, sE- and sP-Selectin). MedDiet
triggers the alternative activation and exerts an immunomodulatory effect on biomarkers related to plaque stability such as IL-18, MMP-9 or
TGF-p. It also can regulate the expression of leukocyte adhesion molecules including SLex, VLA-4 and LFA. IL-: interleukins; MMP-9:
Metalloprotease-9; TNF-a: Tumor necrosis factor; TGF-B1: Transforming Growth Factor-p1; sVCAM-1: soluble vascular cell adhesion
molecule; SICAM-1: Soluble intercellular adhesion molecule-1; sP-Selectin: Soluble platelet selectin; sE-Selectin: soluble endothelial
selectin. Figure adapted [27, 28, 75, 76].
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Western countries, although the incidence varies according
to geographical origin, with Mediterranean countries and
Japan showing the lowest rates worldwide [14]. Geographical
differences in CHD rates are attributable, in part, to dietary
and other lifestyle habits. Several epidemiological studies
have reported that high adherence to the MedDiet is
associated with a lower incidence of CHD and mortality
rates [15-17].

Up to now, the beneficial effect of the MedDiet against
CVD has been attributed to its effects in controlling classical
risk factors. Thus, several clinical studies have shown that
Mediterranean-style diets are protective against the
development of prevalent diseases that promote CHD, such
as the metabolic syndrome [18], diabetes [19], hypertension
[20] or dyslipidemia [21]. Recently, some authors have
suggested that an anti-inflammatory effect in the vascular
wall may be another important mechanism to explain the link
between the MedDiet and low cardiovascular mortality [22].
Indeed, additional evidence from clinical trials have
suggested that the MedDiet reduces vascular inflammation
[22], oxidative stress [23], and endothelial dysfunction [24,
25], which are factors involved in the development of
atherosclerosis. Interestingly, it has also been reported that
the MedDiet can favorably modulate the expression of pro-
atherogenic genes [26].

The effects of Inflammation on Atherosclerotic Disease

Atherosclerosis is a chronic inflammatory disorder of the
vessel wall and involves accumulation of lipids in the arterial
intima which leads to formation of vascular lesions, or
atheromatic plaque [27]. Monocytes and T-cells are
implicated in this atherogenic process, migrating from the
circulation into the intima of the arterial wall where they are
differentiated into macrophages and later into foam cells
after joining oxidized low-density lipoprotein (oxLDL) [28,
29]. This process triggers an activation of endothelial cells,
because of the accumulation of modified LDL. Activated
endothelial cells upregulate adhesion molecule expression
(VCAM-1, mainly) and other mediators such as selectins,
integrins, promoting the recruitment of monocytes into
the subendothelial space in response to chemo-attractant
cyotkines [29]. The recruitment of immune cells is a crucial
early step in atherogenesis. Macrophages and T-lymphocytes
together release a wide array of chemokines and cytokines
that can exert both pro- and antiinflammatory effects [28]. C-
reactive protein (CRP), tumor necrosis factor (TNF)-a, or
pro-inflammatory cytokines such as interleukin-6 (IL-6) are
associated with the development of atherosclerosis. Finally,
in late stages atheromatic plaque may become unstable,
leading to cap rupture, ensuing thrombosis and finally,
cardiovascular events [30]. In this context, some circulating
molecules, such as matrix metalloprotease-9 (MMP-9) or
interleukin-18 (IL-18), are considered to be early biomarkers
of plaque vulnerability [31].

Several anti-inflammatory mechanisms have been
proposed correlating the MedDiet and/or its components
with the different steps of atherosclerotic process. Therefore,
circulating markers of inflammation, such as CRP, TNF-a,
and some interleukins (IL-6, IL-18) may be correlated
with the development of vascular events and, in some cases,
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also contribute to their pathogenesis. On the other hand,
adiponectin (protein that originates from adipose tissue) also
exhibits potent anti-inflammatory and antiatherosclerotic
effects. Therefore, low plasma adiponectin levels are an
independent risk factor for the future development of type 2
diabetes, whereas high plasma adiponectin concentrations
are associated with a lower risk of myocardial infarction
in men. Finally, it has become increasingly clear that
inflammation strictly correlates with endothelial dysfunction
and insulin resistance [13].

Immunomodulatory effects of the Mediterranean Diet

Experimental and clinical studies have shown that olive
oil down-regulates the expression of VCAM-1, ICAM-1, and
E-selectin in circulating lymphocytes and monocytes [32]
and decreases plasma concentrations of SICAM-1, sVCAM-1,
sE-selectin, IL-6, and CRP in high-risk patients [33, 34]. The
observational ATTICA study evaluated 1,514 Greek men
and 1,528 women. This study showed that greater adherence
to a Mediterranean-style diet was associated with 20% lower
CRP and 17% lower IL-6 compared with those in the lowest
tertile of adherence [35]. In the Nurses’ Health Study, a
Mediterranean diet index score was associated with
lower concentrations of biomarkers of inflammation and
endothelial dysfunction (CRP, IL6, ICAM-1 and VCAM-1)
[36]. A pattern similar to a MDP was inversely associated
with plasma CRP and E-selectin concentrations, whereas a
Western pattern, with a higher intake of red meat, sweets,
fries and refined grains, was positively associated with CRP,
IL-6, E-selectin, ICAM-1 and VCAM-1 concentrations [37].
A recent meta-analysis including a total 17 of trials reported
that greater adherence to the MedDiet was associated with a
significantly greater reduction in IL-6 and CRP compared to
control intervention protocols, improving endothelial
function [38]. In addition, a group of patients with metabolic
syndrome following a MedDiet pattern showed reduced
serum concentrations of CRP, IL-6, IL-7 and IL-18, decreased
insulin resistance and improved endothelial function [22].

Other studies such as that by Llorente-Cortés et al.
showed an increase of cyclooxygenase 2 (COX-2) and LDL-
C receptor related protein, representing a decrease in the
expression of monocyte chemoattractant protein 1 (MCP-1)
in 49 asymptomatic individuals with high CVD risk after a
3-month intervention with the MedDiet [26]. Furthermore,
the MedDiet can also exert a modulation effect on the
expression of genes related to plaque stability, such as
MMP-9, even in an elderly high-risk population and after a
short period [39]. In addition, the MedDiet acts by improving
endothelial dysfunction in healthy elderly individuals after 4-
weeks of consumption, increasing the production of
endothelial progenitor cells and decreasing the release of
endothelial microparticles [40]. The inflammatory markers
upon which the MedDiet acts are shown in Table 1.

To date, the PREDIMED study (Prevencion con Dieta
Mediterrdnea) is the only randomized trial that has evaluated
the protective effect of a MDP supplemented with extra
virgin olive oil (EVOO) or nuts versus a low-fat diet (LFD)
in patients at high risk for CVD and the possible mechanisms
involved in this protection. This large interventional study,
including 7,447 subjects, showed that a MedDiet rich in
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Table 1. Protective effects of the MedDiet on immune factors.
Mediterranean Diet
Immune Factors
Interleukins Tumor Necrosis Tumor Necrosis Chemokines Stability / Unstability of | Circulating Adhesion | Leukocyte Adhesion
& CRP Factor & Receptors | Factor & Receptors Atheromatic Plaque Molecules Molecules
IL-1 TNF-a MMP-9 sICAM CDlla
11-6 TNFR60 TGF-pl1 MCP-1 TIMP-1 sVCAM-1 CDl11b
IL-7 TNFR80 IL-10 sP-Seletin CD49d
CRP IL-18 sE-Selectin CD40

CRP C-reactive protein; sSVCAM-1: soluble vascular cell adhesion molecule; SICAM-1: Soluble intercellular adhesion molecule-1; sP-Selectin: Soluble platelet selectin; sE-Selectin:
soluble endothelial selectin; TNFR, TNF receptor; ; MMP-9: Metalloprotease-9 ; TNF-a: Tumor necrosis factor; TGF-B1:Transforming Growth Factor-B1; IL-: interleukins; TIMP-1:

metalloproteinase inhibitor 1.

olive oil or nuts reduces the risk of CVD by 30% when
compared to a low-fat diet [41]. This study has also
demonstrated that adherence to the MedDiet is associated
with a reduced incidence of diabetes [19, 42], metabolic
syndrome [43], hypertension [44], cardiovascular risk factors
[9], oxidative stress [45], vascular inflammation [46-48], and
endothelial dysfunction [23], all of which are factors
involved in atheromatic plaque development. In the pilot
study of the PREDIMED trial [9], we analyzed the effects of
the MedDiet rich in olive oil or nuts and a LFD on 4 soluble
adhesion molecules (ICAM-1, VCAM-1, IL-6 and CRP) on
the first 772 participants recruited and after a 3-month follow
up. In the short-term, plasma concentrations of IL-6, VCAM-1
and ICAM-1 decreased in the MedDiet groups supplemented
with olive oil and nuts, while plasma concentrations of CRP
only decreased in the MedDiet supplemented with EVOO (P
< 0.05; all). Otherwise, plasma concentrations of VCAM-1
and ICAM-1 increased after 3 months in the LFD group
(P < 0.05; both). In another sub-study of the PREDIMED
trial, we demonstrated the anti-inflammatory effects of the
MedDiet on circulating inflammatory biomarkers and immune
cell activation biomarkers, all related to the atherosclerotic
process, after a 3-month intervention [46]. We analyzed 106
subjects at high risk for CVD. We assessed changes in
cellular and serum inflammatory biomarkers from baseline.
Both MedDiets supplemented with EVOO or nuts showed
down-regulated monocyte expression of CD49d and CD40
(P<0.05) after 3-months with the dietary intervention.
Likewise, in this sub-study we also analyzed the changes in
plasma concentrations of ICAM-1, VCAM-1, IL-6, E- and P-
Selectin before and after 3 months. The results showed that
both MedDiets reduced ICAM-1 levels whereas VCAM-1,
IL-6 and CRP decreased only for the MedDiet+VOO
(P<0.05). Since this had not been previously investigated,
this study was a breakthrough for knowing the effects of the
Med-Diet on adhesion molecule expression on circulating
peripheral blood mononuclear cells linked to the development
of atherosclerosis.

In a third sub-study of the PREDIMED trial [48], we
analyzed the effects of 2 MedDiets (MedDiet+VOO and
MedDiet+Nuts) and a LFD on 4 circulating inflammatory
biomarkers related to atherogenesis (TNFR60, TNFR&0,
ICAM-1 and IL-6) in a total of 516 participants after a 1-year

intervention. It is known that the activation of TNFR60 can
induce the expression of adhesion molecules and activate
NF-«f, and TNFR80 which play a role in T cell proliferation
[49]. Thus, at baseline and after 1 year (Table 2), the MedDiet
groups had lower plasma concentrations of IL-6, TNFR60,
and TNFR80 (P < 0.05;all), whereas ICAM-1, TNFR60,
and TNFR80 concentrations increased in the LFD group
(P < 0.005;all). For the first time it was possible to link a
diminution in TNFR concentrations with a MDP.

To date, data on the possible anti-inflammatory role of the
MedDiet are scarce and are mainly based on observational
studies [50] or short-term intervention studies [46]. In
addition, serum markers related to plaque vulnerability have
also been associated with cardiovascular events. Thus, high
levels of MMP-9, a protease that can degrade the fibrous
content of plaque and facilitate its rupture, have previously
been detected in patients with acute coronary syndromes [51]
or those with ulcerated plaque identified on coronary
angiography [52], compared to healthy controls. Likewise,
increased levels of TIMP-1 are related to a high risk of
cardio- and cerebrovascular events [53], and IL-18 has been
considered to be a predictor of myocardial infarction and
death in patients with angina [54]. Finally, higher levels of
TGF-B1 were observed in the control diet group, but there is
no consensus on whether they are related to plaque
stabilization [55].

Finally, a fourth study [47] made by our group showed
that adherence to the MedDiet is associated with an increase
in serum markers of atheromatic plaque stability which may
explain, at least in part, the protective role of MedDiet
against CVD. In this case, a total of 164 participants at high
risk for cardiovascular disease were randomized into one of
the three diet groups described previously. Then, we assessed
the 12-month effects of two enhanced MedDiets compared
to a LFD on the adhesion molecules for T-Lymphocytes
and monocytes (CDI1la, CD11b, CD49d and CD40), as
well as inflammatory biomarkers related to atherosclerosis
(sVCAM-1, sICAM-1, sE- and sP-selectin) and plaque
vulnerability (CRP, IL-6, IL-18, IL-10, TGF-f1, MMP-9).
As shown in Table 3, some anti-inflammatory effects
were detected in the three diets studied, although they were
more intense in subjects allocated to the two MedDiet
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Table2. Changes in the expression of circulating markers of plaque instability and other inflammatory biomarkers in the short-
and long-term.
Inflammatory Molecules Short-term Long-term
MedDiet+ EVOO MedDiet+ Nuts Low-fat diet MedDiet+ EVOO MedDiet+ Nuts Low-fat diet
sICAM-1, ng/mL ! ! 1 ! = 1
sVCAM-1, ng/mL ! ! 1 ! ! =
sE-Selectin, ng/mL = = = = ! —
sP-Selectin, ng/mL = = = I ! =
IL-6, pg/mL ! ! 1 ! | 1
CRP, mg/L ) = = ! | =
TNFR60, pg/L ! l 1
TNFRS80, pg/L ! ! 1
IL-18, pg/mL = ! =
IL-10, pg/mL = = =
IL-18/IL-10 ratio ! ! =
MMP-9, ng/mL = = 1
TIMP-1, ng/mL = = =
MMP-9/TIMP-1 ratio = = 1
TGF-B1, pg/mL = - 1

CRP, high-sensitivity C-reactive protein; EVOO, extra virgin olive oil; LFD, low-fat diet; MedDiet+EVOO, Mediterranean diet supplemented with extra virgin olive oil; MedDiet
+Nuts, Mediterranean diet supplemented with nuts; IL-: interleukins; sVCAM-1: soluble vascular cell adhesion molecule; SICAM-1: Soluble intercellular adhesion molecule-1; sP-
Selectin: Soluble platelet selectin; sE-Selectin: soluble endothelial selectin.; MMP-9: Metalloprotease-9; TNF-o: Tumor necrosis factor; TGF-p1: Transforming Growth Factor-p1;
TNFR, TNF receptor; TIMP-1: metalloproteinase inhibitor 1; “1”: increased plasma levels of biomarkers; “|”: decreased plasma levels of biomarkers; “=": no changes observed in

the levels of the biomarkers.

interventions, supplemented with VOO and nuts, which
showed a higher down-regulation of adhesion molecules in
T-lymphocytes and monocytes compared to those in the
control diet group. Moreover, serum levels of endothelial
cell adhesion molecules were lower in subjects following
both MedDiets, compared to control subjects, in whom some
inflammatory molecules (e.g., SSCAM-1) showed a significant
increase. Likewise, parameters directly related to plaque
vulnerability, such as IL-18, MMP-9, TIMP-1, TGF-B1, and
IL-10 had a more favorable profile (towards stability) in
participants in the MedDiet+nuts than those in the control
group (Table 2). All these changes slow lymphocyte and
monocyte adhesion to the endothelium and posterior
transmigration to the subendothelial space to generate
unstable plaque. Moreover, Casas et al. [47], observed a
significant decrease in systolic and dyastolic BP and in
plasma total-cholesterol concentrations in both MedDiet
groups compared to the control group. The anti-inflammatory
effect of the MedDiet seems to be greater and more intense
in the mid-term compared to the short-term [46], while the
effect on classical cardiovascular risk factors is similar,
thereby suggesting that the MedDiet exerts its effects on
lipids and blood pressure relatively quickly (at 3 mo), with
the maximum effect on systemic inflammatory biomarkers
being achieved later (at 1 y). Thus, in the short-term the
effect on blood pressure and the lipid profile is higher,

whereas in the mid-term the effect on chronic inflammatory
response in the arterial wall is more pronounced. In brief, the
results of this study suggest that the MedDiet, enriched with
EVOO or nuts, may have a dual effect on the prevention of
CVD: improving classical cardiovascular risk factors and
having an intense anti-inflammatory effect.

MEDITERRANEAN DIET AND CANCER

Cancer involves a series of diseases caused primarily by
exposure to environmental factors, habits and lifestyle, and
is, thus, largely preventable. The MedDiet is based mainly
on the consumption of plant foods, providing a high content
of vitamins and antioxidants involved in cellular
differentiation and proliferation in the synthesis and repair of
DNA adduct formation and inhibition of the formation of
carcinogenic chemicals in inflammatory response, enzyme
induction and hormonal activity [56].

Since the late 50s and early 60s there is greater and
growing evidence that greater adherence to a MDP is
associated with a lower incidence of chronic diseases like
CVD, type 2 diabetes, obesity, metabolic syndrome and
certain types of cancer, as well as increased survival and
longevity [5]. Several epidemiological studies have
evaluated the causal relationship between the MedDiet and
cancer risk. Thus, from the Seven Countries Study in the
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Table3. Changes in adhesion molecule expression in circulating T- lymphocytes and monocytes.
Short-term Long-term
MedDiet+ EVOO MedDiet+ Nuts Low-fat diet MedDiet+ EVOO MedDiet+ Nuts Low-fat diet
T-LYMPHOCYTES
CDlla = = = 1 1 1
CD49d 1 1 = 1 = =
CD40 = - - ! ! _
MONOCYTES
CDlla = ! = 1 1 1
CD11b ! ! = 1 1 1
CD49d ! ! = 1 1 =
CD40 ! = = ! ! -

EVOO; extra virgin olive oil; MedDiet+tEVOO; Mediterranean diet supplemented with extra virgin olive oil; MedDiet +Nuts; Mediterranean diet supplemented with nuts. “1”:
increased expression of adhesion molecules; “]”: decreased expression of adhesion molecules; “=": no changes observed in the expression of the adhesion molecules.

1950s to the recent European Prospective Study and to
Cancer and Nutrition (EPIC) study collaboration, the
evaluation of the components of diet-affecting chronic
diseases such as cardiovascular disease and cancer has been
crucially based on the analysis of foods and nutrients
characterizing the Mediterranean dietary habits. Ongoing
findings from the EPIC study (Greek cohort: n=23,349 men
and women, not previously diagnosed with cancer and with a
mean follow-up time of 8.5 years), showed that greater
adherence to a MedDiet was related to a significant reduction
in total mortality [13]. On the other hand, the whole EPIC
study (142,605 men and 335,873 women) demonstrated that
4.7% of cancers in men and 2.4% in women might have been
avoided if patients had had greater adherence to the MDP
[57]. Other studies such as SUVIMAX (Suppléments in
Vitamines, et Mineraux Antioxidants) have shown that to
stay the risk of various cancers, the best prevention is a rich
and varied diet of fruits and vegetables [58, 59]. According
to the World Cancer Research Foundation, of 130,000 cancer
deaths per year between 30-40% could have been prevented
with the right diet [60]. Finally, a meta-analysis that included
12 studies with a total of 1,574,299 participants concluded
that the 2-point increase in Mediterranean diet adherence
(distributed between 0-9 points) was associated with a 6%
decrease in mortality from cancer [61]. These same authors
have more recently published an update of the meta-analysis
cited, including the latest available works which confirm
these findings [16]. When the different types of cancer are
considered, a case-control study in Greece showed that a
greater adherence to a MedDiet was related to a reduced risk
of upper aerodisgestive tract cancers [62]. Likewise, another
study found a reduction in the risk of prostatic cancer for
those individuals that followed a MedDiet compared with
those following a Western diet [63].

Possible Biological Mechanisms Against Cancer

As we have already mentioned, the MedDiet is
considered a healthy dietary pattern, a cultural model and a

lifestyle of certain countries of the Mediterranean coast. It is
characterized by a high intake of olive oil, vegetables, fruits,
legumes, and complex carbohydrates with a moderate
consumption of fish, and a low-to-moderate amount of red
wine during meals [4]. Thus, the increased quantity and
quality of phytochemicals (such as vitamin C and E, folate,
carotenoids and polyphenols) contained by the MedDiet
could contribute to these beneficial effects due to their
antioxidant and anti-inflammatory propierties. These
antioxidant compounds act in cell differentiation and
proliferation, as well as in synthesis and DNA repair
processes by inhibiting the endogenous formation of
carcinogenic chemicals and reducing the formation of
adducts in DNA [56]. Animal studies of induced breast
cancer have shown that diets rich in extra virgin olive oil
(EVOO) may inhibit proliferation, induce apoptosis, and
minimize DNA damage [64]. A case-control study [65]
including 255 newly diagnosed breast-cancer female patients
(56 = 12 yr) and 250 1-to-1 age-matched with the control
patients was evaluated and showed an association between
adherence to the MedDiet and its inherent constituents, with
breast-cancer.

On the other hand, the MedDiet is also characterized by
low consumption of red and processed meats. The latest
studies have shown that a high consumption of red meat is
associated with an increased risk of colorectal [66] and
gastric cancer [67].

Fig. 1 shows how the MedDiet provides protective
effects against CVD and cancer.

MEDITERRANEAN DIET AND NEURODEGENE-
RATIVE DISEASES

Alzheimer ’s disease (AD) is the main cause of dementia
among people age 65 and older and currently affects more
than 25 million people in the world. AD is characterized by a
progressive neurodegenerative disorder associated with
cognitive impairment and neuronal cell loss, and the
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pathology is characterized by the presence of several kinds
of amyloid plaques and neurofibrillary tangles in the brain of
AD patients. The end result is memory loss as well as
personality changes [69]. It is known that AD and
Parkinson's disease are two of the most common
neurodegenerative diseases. In both cases, only a small
percentage of cases are due to genetic mutations, although
studies are now uncovering interactions with genetic and
environmental factors. Animal studies have shown that
dietary changes can disrupt the pattern of DNA methylation
[70]. At present, APOEe4 is the only validated genetic risk
factor for sporadic AD [69]. However, various non-genetic
risk factors seem to be implicated in the pathophysiology of
sporadic AD: brain trauma, cardiovascular diseases, stroke or
transient ischemic attack, carotid atherosclerosis, and clinical
history of hypertension, hypercholesterolemia and/or type-II
diabetes.

Thus, higher adherence to a MedDiet has been associated
with reduced cognitive decline and a protection against
depression independently of the age of the patient [68].
Similarly, foods, and micro-, and macronutrients contained
in the MedDiet seem to have a protective effect against
dementia and pre-dementia syndromes [16, 71]. A recent
meta-analysis showed that greater adherence to the MedDiet
reduced cognitive impairment such as that in dementia or
AD [72].

Possible  Biological Mechanisms Neuro-

degenerative Diseases

against

Several observational studies have consistently shown a
protective effect of vitamin E against neurodegenerative
diseases such as AD. Nevertheless, these data run counter to
those shown by a recent meta-analysis in which there seems
to be no evidence related to patients with AD or mild
cognitive impairment [73]. Regarding fatty acids, intake of
saturated fatty acids seems to increase the risk of AD. In
contrast, epidemiological evidence suggests a possible
association between fish consumption, monounsaturated
fatty acids, and polyunsaturated fatty acids omega-3, and
reduced risk of cognitive decline and dementia. However,
the current evidence about light to moderate alcohol intake is
only suggestive of a protective effect for vascular dementia,
cognitive decline, and AD [70, 74]. However, furthers
studies are needed to know better the mechanisms by which
nutrients, foods and dietary patterns may act on cognition
mechanisms.

CONCLUDING REMARKS

In summary, the results of several studies suggest that the
MedDiet may have a dual effect on the prevention of CVD,
improving classical cardiovascular risk factors and also
having an intense anti-inflammatory effect. In fact,
epidemiological studies have shown that the MedDiet may
exert its effect partly through mechanisms such as improved
lipid profile and reductions in blood pressure or insulin
resistance. Its anti-inflammatory effect seems to be greater
and more intense in the mid-term compared to the short-term
while the effect on classical cardiovascular risk factors is
similar, thereby suggesting that the MedDiet exerts its effects
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on lipids and blood pressure relatively quickly (at 3 mo), with
the maximum effect on systemic inflammatory biomarkers
being achieved later (at 1 y). Thus, in the short-term the
effect on blood pressure and the lipid profile is higher,
whereas in the mid-term the effect on chronic inflammatory
response in the arterial wall is more pronounced.

The present review also provides evidence that a MDP
alone or one enriched with some of its main components (i.e.
extra virgin olive oil and nuts), not only diminishes the
classical cardiovascular risk factors, but is also associated
with important reductions in circulating inflammatory
biomarkers, cellular inflammatory biomarkers and improves
endothelial dysfunction. Moreover, increased consumption
of antioxidant-rich foods as in a MDP in general and of
polyphenols in particular was associated with better
cognitive performance in an elderly cohort at high cardio-
vascular risk.

Therefore, the choice of a healthy diet such as the
MedDiet associated with regular physical activity is critical
in the fight against many chronic diseases. The protection
against atherosclerosis by the MedDiet can probably be
extended to other chronic inflammation-related diseases,
including visceral obesity, the metabolic syndrome, and
type-2 diabetes, cancer or neurodegenerative diseases, among
others.
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