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Abstract

The Mediterranean diet has a lot of health benefits but especially because it
lowers the incidence of cardiovascular diseases. It has been shown that food compo-
nents, certain nutrients and the pattern of the diet lowers the risk of several diseases
such as diabetes, certain cancers, obesity, respiratory disorders, mental health and
cognitive decline, bone diseases (osteoarthritis), healthy aging and quality of life
among more others. It has been concluded from studying the mechanism respon-
sible for lowering these risks that food combinations, food nutrients, presence of
non-nutritive substances, lifestyles habits and the cooking techniques all together
make the Mediterranean dietary pattern into a tool that can not only prevent but
can also be used as a way of treatment for these medical ailments. As part of the
essential dietary fat, consumption of extra virgin olive oil is the main feature of
Mediterranean diet. Olive oil is noted to have anti-bacterial characteristics, involved
in improving the endothelial function in young females, and is hypothesized to have
epigenetic effects interplay offering protection from cancers due to the presence of
beneficial monounsaturated fats. The presence of antioxidants contributes to the
inflammation protecting properties of the olive oil. Olive oil has high quantities
of antioxidants and offers numerous benefits for cardiovascular health, such as
protection of LDL from oxidation and lowering of the high blood pressure as well as
offers protection from diabetes mellitus. The Mediterranean diet and the Olive oil
consumption also have a fundamental impact in secondary prevention, such as in
patients with atrial fibrillation that underwent catheter ablation.

Keywords: Mediterranean diet, olive oil, cardiovascular diseases, benefits of olive oil
consumption, atrial fibrillation
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1. Introduction

Native to the Mediterranean region, olive tree also known as Olea europaea is
considered to be one of the oldest trees still present (Figure 1). The fruits and prod-
ucts obtained from the olive tree such as olive oil have been used for a long time for
the diet and nutritional demands of the residing population in the Mediterranean
regions. As part of the Mediterranean culture olive trees have been cultivated and
harvested for a long time. Olives are taken and subsequently used for olive oil
extraction. The importance of the use of olive oil in both daily and cultural practices
is evident by the fact that the Greek philosophers began to search on its medicinal
and nutritional properties by as early as the seventh century BC. Particularly
ingestion of olive oil and its use as an ointment for treating ailments related to
dermatological ulcers and stomach was recommended by both Hippocrates and
Aristotle who recognized the health benefits attributed to the olive oil consumption
[1]. Mediterranean countries such as Turkey, Spain, Greece, Morocco, Italy and
Tunisia are involved in most (70%) of the olive oil production [2]. Apart from these
some other countries such as USA and Australia are also involved in the production
of olive oil. Different types of olive oil with different profiles of polyphenol con-
tent are being produced by a single country [3] showing that olive oil of different
varieties and qualities exists. Nutritional characteristics of different types of olive
oil also differ.

Animal fats mainly constitute the saturated fatty acids, while the fats of veg-
etables mostly contain polyunsaturated fatty acids. Especially, olive oil obtained
from the fruits of olive tree consists of both the polyphenols and monounsaturated
fatty acids. Even today, the health benefits of consuming olive oil in place of fats of
other origins remain unexcelled and is most likely attributed to the extraordinary
chemical composition of olive oil [4]. However, the benefits of the olive oil for
human health have been mostly evaluated in attribution to the consumption of the
Mediterranean diet [5], whereas its individual beneficial impact on human health
remains to be confirmed by more research [6].

Figure 1.
Millennial olive tree in Italy, Puglia, San Vito dei Normanni (Mys. Teresa Village).
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There are different types of the marketed olive oil with difference in their
potential healthful impacts and include pomace oil, refined olive oil, virgin olive
oil and extra virgin olive oil etc. [7]. In context of research the different types of
olive oil are often not individually evaluated for their potential health benefits and
therefore the difference in their beneficial properties is not properly evaluated.
Extra virgin olive oil is the most naturally made olive oil and is produced within
the first 24 hours after the harvest and from the very first pressing of the olives.
Extra virgin olive oil is obtained by the mechanical means rather than the chemical
and no excessive heating is underwent during its extraction as the temperature for
extraction is fixed at degrees lesser than 28°C. The acidity or free fatty acid level
of the oil is lesser than 0.8 percent contributing to the oil’s optimal odor and taste.
It should be noted that olive fruit contains different types of hydrophilic phenolic
compounds such as simple phenolic compounds, complex phenolic compounds and
lignans. Simple phenolic compounds include vanillic, coumaric, galls, caffeic acids,
tyrosol and hydroxytyrosol etc. whereas complex phenolic compounds contain
secoiridoids such as ligstroside and oleuropein. Lignans found in the olives include
pinoresinol and 1-acetoxypinoresinol etc. Extra virgin olive oil has the highest
amounts of phenolic compounds as compared to the virgin olive oil [8]. Lignans on
the other hand, are not found in any refined olive oils but only found in extra virgin
olive oil [9]. Because of these extraordinary compositions extra virgin olive oil is the
most beneficial to human health as compared to other refined oils and is used as a
precautionary tool against the cardiovascular diseases [10]. Virgin olive oil just like
the extra virgin olive oil also arises from the very first pressing of the fruits of olive
tree but the acidity levels are a little higher in comparison i.e. lesser than 2 percent.
Virgin oil contains in its composition the hydrophilic phenols such as phenolic acids
alcohol, lignans, flavonoids and secoiridoids [11]. But because these compounds are
present in comparatively lower levels, its consumption is not as healthful as com-
pared to the extra virgin olive oil. But the consumption of virgin olive oil as com-
pared to the other refined oils is still recommended [12]. Another types of marketed
olive oil is the refined olive oil which is refined by chemical and thermal means in
order to get as much oil from the pulp of olives as possible. This pulp is the leftover
of the first pressing of olives. Acids and alkalis are the chemical agents used for the
purpose of refinement. This process of oil extraction results in oil with higher fat
and acidic content as compared to the extra virgin and virgin olive oil. Therefore,
olive oil obtained and refined this way lacks the optimal odor, taste and natural
antioxidants. As compared to the olive oils obtained from the first pressing of olives,
the refined olive oil has lesser antioxidant potential. Moreover, p-hydroxyphenyl-
acetic acid, p-coumaric acid, o-coumaric acid, vanillic acid and p-hydroxybenzoic
acid present in the refined olive oil offer very little protection and no antioxidant
potential [13]. Pomace oil is another type of the marketed olive oil and is produced
as a by-product in the production of extra virgin olive oil. This oil is obtained by
heating the olive seeds, skins and pulp. The remaining oil is extracted by the use of
hexane as a solvent. The resultant oil obtained is then further refined and therefore
it offers very limited beneficial effects on human health as the antioxidant potential
is very low. Still more other types of oils produced through more poor practices
e.g. glampante oil. These oils, unless refined, are not considered to be suitable for
human use [14].

2. Mediterranean diet and cardiovascular diseases

The Mediterranean diet was defined in 1960 by Ancel Keys circa [15] and is one
of the most well known and most studied dietary pattern in the world [Medscape,
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Figure 2.

Oil-Garlic and Pepper. The application of oil in the kitchen leads to this famous dish in the all the
Mediterranean diet. On the right-side pure drop of extra virgin olive oil (Gianvito Matarrese EVO Restourant
Alberobello-Italy).

PubMed impact]. The Mediterranean diet has a lot of health benefits but especially
because it lowers the incidence of cardiovascular diseases. It has been shown that food
components, certain nutrients and the pattern of the diet lowers the risk of several
diseases such as diabetes, certain cancers, obesity, respiratory disorders, mental health
and cognitive decline, bone diseases (osteoarthritis), healthy aging and quality of life
among more others [16]. It has been concluded from studying the mechanism respon-
sible for lowering these risks that food combinations, food nutrients, presence of non-
nutritive substances, lifestyles habits and the cooking techniques all together make
the Mediterranean dietary pattern into a tool that can not only prevent but can also be
used as a way of treatment for these medical ailments [17-20]. As part of the essential
dietary fat, consumption of extra virgin olive oil is the main feature of Mediterranean
diet. Apart from the healthy proportion of the amount and type of fatty acids pres-
ent in olive oil [21], it is consumed along with a large amount of vegetables as a salad
dressing for cooked or raw legumes and vegetables (Figure 2). Even though the
inhabitants of the Mediterranean countries lack knowledge regarding the benefits of
olive oil for human health, they have believed that the long lives of their populations
are attributed to the usage of olive oil in their diets.

3. Impact of olive oil consumption on human health

It has been revealed from the studies by The Global Burden of Disease that the
rate of incidence of chronic illnesses such as cardiovascular diseases including
coronary artery disease and hypertension have been persistently increasing [22]. It
has been revealed that this increase in the rate of these diseases is most likely related
to the adoption of unfavorable behaviors and unhealthy dietary patterns [23].
Therefore, the protective qualities of certain dietary patterns such as Mediterranean
diet especially its certain components such as olive oil has been studied and evalu-
ated for their beneficial effects on human mortality and morbidity [6]. Olive
oil is noted to have anti-bacterial characteristics [11], involved in improving the
endothelial function in young females [24], and it has been hypothesized to have
epigenetic effects interplay offering protection from cancers [25] due to the pres-
ence of healthful monounsaturated fats. The presence of antioxidants contributes
to the anti-inflammatory properties of the olive oil. Olive oil has high quantities of
antioxidants and offers numerous benefits for cardiovascular health [26], such as
protection of LDL from oxidation and lowering of the high blood pressure as well as
offers protection from diabetes mellitus [27].

4
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4. Mechanism of actions of virgin olive oil as part of Mediterranean diet
to prevent cardiovascular disorders

Atherosclerosis development is becoming one of the major risk factors in people
having hypertension, diabetes and hypercholesterolemia [28-30]. During the
pathogenesis of hypertension, inflammation causing factors imposes oxidative
stress by activating the mononuclear leucocyte by enhancing the production of
wide range of cytokines which directly exert oxidative stress on the blood vessels
and might lead to the development of atherosclerosis. It was reported that hyper-
tension may develop due to variations in the arterial vasodilation/vasoconstriction
particularly due to the modifications of the synthesis of molecules like NO, a potent
relaxing factor, and ET1 a potent vasoconstrictor released by endothelium. It was
reported in non-smoking women that when Mediterranean diet containing EVOO
was given to these women for 1 year, this caused a decrease in hypertension with
higher level of serum NO along with changes in gene expression including eNOS
upregulation that played important role in the regulation of blood pressure, dilate
the blood vessels with a number of vaso-protective and anti-atherosclerotic roles;
and caveolin 2 down-regulation was also reported. Caveolin 2 can trap the eNOS
and ultimately inhibit the enzyme [31]. Moreover, in patients at high risk of car-
diovascular disorders when given EVOO as part of MeDiet, a significantly decrease
in the systolic and diastolic blood pressure were reported [31-33] and same effects
were also reported in metabolic syndrome patients for giving the MeDiet with
EVOO for parallel 2 years [34].

Storniolo et al. [31] explored very interesting findings when used MeDiet
containing EVOO both in moderate hypertensive and healthy volunteers and found
that EVOO did not decrease the blood pressure in healthy individuals although a
drop in blood pressure in moderate hypertensive patients was reported. Approaches
to explore the nutritional values of MeDiet supplemented with EVOO is one of the
most interesting side as EVOO have potential to reduce the development of chronic
disorders like type 2 diabetes, metabolic syndrome an obesity by regulating the
metabolism of glucose and lipids in our body. It was reported that hyperglycaemic
and hypercholesterolemic conditions are leading cause of the development of
cardiovascular disorders or aggravating the atherosclerotic process. Violi et al. [35]
explored that administration of MeDiet containing the EVOO significantly regulate
the postprandial metabolic profile including the decreased blood glucose, LDL-C
and ox-LDL levels and an increased level of insulin was also reported in healthy
volunteers. Moreover, the impact of EVOO (10 g) in MeDiet has the potential to
normalize the blood glucose level in post-prandial glycaemic patients with impaired
fasting glucose. The mechanisms accounting for the positive effect of EVOO are
related to increasing up-regulation, as EVOO reduces dipeptidyl peptidase-4
activity with consequent increase in glucagon-like peptide-1 concentration which
regulates postprandial glycaemia by up-regulating insulin secretion [36].

High level of lipids contents is one of the second one major risk factor for
the development of cardiac disease but MeDiet supplemented with EVOO have
significant impact to reduce the total cholesterol, LDL-cholesterol (LDL-C) and
non-HDL-cholesterol (non-HDL-C) levels to prevent the cardiovascular risk [36].
Herndez et al. [37] reported on administering the MeDiet particularly containing
EVOO for 1 year to patients at high cardiovascular risk and investigated an improve-
ment in the HDL functions including the cholesterol efflux capacity, modulation
in the metabolism of cholesterol, improvement in antioxidant as well as anti-
inflammatory properties, and increased vasodilatory properties. Moreover, it was
also found by Covas et al. [12] that taking phenolic olive oils increases the HDL-C,
decreased the total cholesterol/HDL-C ratio, decreased LDL-C/HDL-C ratio as
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well as decrease in triglycerides (TG) level. A study carried out in patients having
metabolic syndrome reported that consumption of MeDiet supplemented with
EVOO for 2 years significantly reduced the blood glucose level, increase insulin,
decrease total cholesterol as well as TG and improved the HDL-C level as compared
to control group. Such findings explored that Mediterranean-style diet containing
EVOO is an emerging therapeutic strategy to modulate cardiovascular disease risk
in metabolic syndrome [34]. During an experimental study it was also found that
EVOO along with corn oil have role in improving the total cholesterol, LDL-C,
VLDL-C, Apolipoprotein-B, Apolipoprotein-A and LDL particle concentrations
and this improvement was observed in more significant individuals given corn oil
compared with EVOO intake. Moreover, the findings of some investigations are
summarized in Table 1 and the targets of Me Diet supplemented with EVOO to
prevent the cardiovascular diseases risk factors are represented in Figure 3.

Mediterranean Number of Plan of Targets to manage References
diet containing volunteers Study Cardiovascular disorders
extra virgin participated Design
olive oil and with time
quantity used period
used
8 gram/Day Having metabolic All given By Decreasing: [34]
disorders in parallel BMI, waist circumference,
(n =180) upto 2 years Body weight, Blood

pressure, Endothelial
function score, Blood
glucose and insulin, hs-CRP,
IL-6, IL-7, Total cholesterol,
triglycerides, IL-18,

By Increasing:
HDL-C,
50 mL/Day At high risk of All given By Decreasing: [38]
cardiovascular in parallel CRP, IL-6, [SICAM-1],
(n=164) upto 1 year [sP-selectin], [sVCAM-1],
IL-18/IL-10
50 mL/Day At high risk of All given By Decreasing: [39]
cardiovascular in parallel CRP, Interleukin-6, TNF-a,
(n =165) upto Total cholesterol, LDL-C,
3-5 year Triglyceride, Blood pressure
By Increasing:
HDL-C
1L/ 07 Days At high risk of All given By Decreasing: [40]
cardiovascular in parallel IL-6, IL-7, IL-8, IL-18, IL-1
(n=69) upto 5 years B, IL-5, IL-12p70, IFN-y,

TNF-a, GCSF, GMCSF,
ENA78, MCP-1, MIP-1p,

14.8 mL/Day Given to healthy All given By Decreasing: [32]
people (n = 137) in parallel Systolic blood pressure
upto By Increasing:
6 months FMD
1L/07 Days At high risk of All given By Decreasing: [41]
cardiovascular in parallel Plasma tryptophan
(n=231) upto 1 year
Table 1.

Scientific based investigations carried out to investigate the Mediterranean diet containing extra virgin olive oil
on preventing the cardiovascular disorders.
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Figure 3.
Major targets of Mediterranean diet containing extra virgin olive oil to prevent the development of
cardiovascular diseases.

5. Olive oil for cardiovascular diseases in secondary prevention

If the effect of the Mediterranean diet and olive oil in primary prevention
appears almost obvious, it is surprising to be in secondary prevention in cardiovas-
cular diseases. The Lyon Diet Heart Study provided information about outcomes
after acute myocardial infarction. This randomized, secondary prevention trial in
patients analyzed the incidence of myocardial infarction and cardiovascular deaths.
Mediterranean diet was able to significantly reduce the occurrence of all-cause and
cardiovascular death [42]. PREDIMED study pointed out the reduction in CD40
expression on monocytes surface, and a further decrease in C-reactive protein and
IL-6 in Mediterranean diet group (plus olive oil and plus nuts) with a significant
reduction in the expression of adhesion molecules. These molecular changes suggest
a protection of atherosclerotic plaques from instability resulting in a reduction in
cardiovascular events after a heart attack [38].

However, it is surprising how the effect of olive oil is also protective against the
incidence of arrhythmias as demonstrated in the laboratory by Bukhari group [43]
and as demonstrated by the sub analysis of the PREDIMED trial suggests that extra
virgin olive oil in the context of a Mediterranean dietary pattern may reduce the risk
of atrial fibrillation [43].

However, it will be exciting to study the PREDIMAR project, a randomized,
single-blind trial testing the effect of a Mediterranean diet enriched with extra
virgin olive oil to reduce tachyarrhythmia relapses after atrial fibrillation ablation.
If the study hypothesis will be confirmed, the utility of the Mediterranean diet
enriched with extra virgin olive oil in slowing the progression of AF will be proven
and it could actually become a true healing weapon, on a par with the most recent
interventional cardiological technological innovations [44].

6. Conclusion
It has been concluded from studying the mechanism responsible for lower-

ing the cardiovascular risks that food combinations, food nutrients, presence of
non-nutritive substances, lifestyles habits and the cooking techniques all together
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make the Mediterranean dietary pattern into a tool that can not only prevent but
can also be used as a way of treatment for these medical ailments. As part of the
essential dietary fat, consumption of extra virgin olive oil is the main feature of
Mediterranean diet. Olive oil possess anti-bacterial properties, involved in improv-
ing the endothelial function in young females. It has been hypothesized that

the olive oil has epigenetic effects offering protection against cancers due to the
presence of monounsaturated fats. The presence of antioxidants contributes to the
anti-inflammatory properties of the olive oil. Olive oil has high quantities of anti-
oxidants and offers numerous benefits for cardiovascular health, such as protection
of LDL from oxidation and lowering of high blood pressure. Various studies have
shown that the intake of olive oil offers cardioprotective properties contributed

by the high poly phenolic content as well as the presence of antioxidants and its
curative effect is not limited to primary prevention, but also to secondary preven-
tion in unexpected fields such as in the treatment of cardiac arrhythmias. Olive oil
has many biological activities due to the presence of many important secondary
metabolites such as antioxidant and other useful bioactive components that sug-
gests the future use of olive oil in pharmaceutical preparations in pharmaceutical
industries.
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