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ABSTRACT
The term Mediterranean Diet (MedDiet) refers to dietary patterns found in
olive‐growing areas of the Mediterranean region (Southern Italy, Spain, Greece,
France, etc). Olive oil is the foremost source of fat in the Mediterranean diet. The
discovery of the health benefits of the Mediterranean Diet is attributed to the
American scientist Dr. Ancel Keys (physiologist, University of Minnesota, USA,
School of Public Health), who led an international study, called “Seven Countries
Study” (Finland, the Netherlands, Italy, USA, Greece, Japan and Yugoslavia) to
document the relationship between lifestyles, nutrition and risk for cardiovascular
disease morbidity and mortality. Nutritional studies with large number of
participants that olive oil is beneficial to human health. Based on these studies,
scientists investigated the case of olive oil consumption (the main ingredient of fat
in the Mediterranean diet) and its beneficial effects on reducing oxidative stress
(antioxidant polyphenols), anti-inflammatory action and decrease in lipid
peroxidation of cellular membranes. Olive oil as a vegetable oil contains a high
proportion of monounsaturated fatty acids, especially oleic acid, but very low in
saturated fatty acids and a number of strong antioxidant polyphenols, vitamin E,
vitamin K and other natural antioxidants. Olive oil polyphenols have nutritional and
organoleptic properties, of which Oleuropein, Oleocanthal and Hydroxytyrosol are
the most important antioxidants. Numerous epidemiological and clinical studies in
the last 20 years provided growing evidence in support of the health benefits of the
Mediterranean diet. People who adhere to the Mediterranean diet (olive oil, fruit,
vegetables) have lower risk from cardiovascular diseases, various types of cancer
(breast and colorectal) and lower incidence of neurodegenerative diseases in later
life. Growing evidence from epidemiological studies showed that olive oil plays an
important role in beneficial public health outcomes including Cardiovascular
Diseases (CVD), diabetes, metabolic syndrome, obesity and cancer, with a particular
focus on recent results from cohort studies, dietary intervention trials and metaanalysis. This review focus on olive oil, its constituents with beneficial health
outcomes, and the large number of the most important studies worldwide
supporting the prevention of CVD, cancer and neurodegenerative diseases.
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Introduction : Health benefits and Mediterranean diet
Although the virtues of the Mediterranean diet have been advocated
since the Renaissance (a period in European history, covering the span between
the 14th and 17th century) it was very difficult to be promoted in other areas of the
world because of the special constituents. The term Mediterranean diet refers to
dietary patterns found in olive‐growing areas of the Mediterranean region (Italy,
Spain, Greece, North Africa countries, etc). The Mediterranean diet was the
traditional dietary pattern typical of the island of Crete (Greece) and in the
southern Italy. Although there are several varieties of the Mediterranean diet, some
components are particularly important. The basic component of the diet is olive oil
(monounsaturated oleic acid) and very low consumption of saturated fat (fresh
animal butter, meat). The next important component is high consumption of
vegetable salads, fruits, legumes, and grains (bread). Then is moderate
consumption of milk and dairy products, mostly in the form of cheese. Finally in the
Mediterranean diet there is low consumption of meat (red) and meat products
(especially processed red meat products), unlike fish and poultry which are consumed
in low-to-moderate amounts. Traditionally, the consumption of wine was at moderate

levels and always consumed with meals.1,2
Differences between the dietary profiles of Northern European and
Mediterranean countries have been recorded even up to the 1960s and are very
important. Northern Europeans ate 120% more meat, 100% more eggs, 80% more
milk and cheese, 60% more animal fat, 40% more sweeteners, and drank 100%
more alcoholic beverages, compared to the South European countries in the
Mediterranean area. For example, in Southern Italy, Sicily, coastal region of Puglia
(the "heel" of the Italian boot) and Calabria are typical places where Mediterranean
style diet was predominant. In these areas the diet is full of bread and pasta,
vegetables such as eggplant, artichokes, and fennel and fruits and nuts, including
pistachios, citrus, and grapes. The population in Southern Italy has 60% of their
fiber intake from grains. The next largest proportion of their fiber comes from
tomatoes, onions, artichokes, pulses, eggplants, and fruits. Also, the diet contained
plenty of pulses which are edible ripe seeds of peas, lentils and chickpeas.3
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The traditional Mediterranean diet in Greece and in particular in Crete was
evaluated in a study and the nutrient composition of 3 types of diet common in
Crete by means of chemical analyses of composite food samples were compared.
Studies showed that the Mediterranean diet in Greece is dominated by the
consumption of olive oil and by high consumption of vegetables and fruits. These
foods are characterized by high concentrations of antioxidant substances which
promote an antioxidant action in the human metabolism. The high content in
antioxidants, vitamins and unsaturated vegetable fats provides a plausible
explanation for the apparent health benefits in people who consume regularly
these foods. Also, wild edible greens (bitter green “horta”, dandelion, chicory,
endive, sorrel, mustard, kale, chard) frequently eaten in rural Greece in the form of

salads and pies contain very high quantities of flavonoids, considerably higher than
those found in red wine or black tea.4,5

Figure 1. The Mediterranean diet has been proved beneficial to human health. The
basic components of the Mediterranean diet. Vegetables, fruits, nuts, seeds,
legumes, potatoes, whole grains, bread, herbs, spices, fish, seafood and virgin olive
oil (VOO). Consumption in moderation: Poultry, eggs, cheese and yogurt. Eat only
rarely: Red and processed meat and animal saturated fat.
[Willett WC, Sacks F, Trichopoulou A, et al. Mediterranean diet pyramid: a cultural model for
healthy eating. Am J Clin Nutr 61 (Suppl): 1402S-1406S, 1995].

Historical documents on the origins of the Mediterranean Diet are lost in the
Middle Ages, in which the ancient Roman tradition - on the model of the Greek identified the basic components of the diet. The most important are whole grain
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breads, wine and olive oil products which are symbols of rural culture and
agricultural traditions in the Mediterranean areas. These are supplemented by
sheep cheese (after the removal of animal fat), vegetables (leeks, mallow, lettuce,
chicory, mushrooms), reduced consumption of red meat and a strong preference
for fish and seafood. The rich classes loved the fresh fish (who ate mostly fried in
olive oil or grilled) and seafood, especially oysters, eating raw or fried. 6
Boiled leafy greens (“horta”) are even now popular in Greece and are
consumed all year round. Greeks were eating lots of wild edible greens (collected
by women in open fields) boiled and with olive oil (bitter green “horta”, dandelion,
chicory, endive, sorrel, mustard, kale, chard). Also, they were preparing vegetable
pies, like Spanakopita (spinach pie) which is a famous traditional Greek vegetable
pie. Basically, pies would be made with a variety of vegetables and greens such as
spinach, leeks, greens, zucchini, peppers, mushrooms and artichokes. These pies
were made with vegetables, herbs and olive oil. During non-fasting days, cheese
and egg may be added. Wild vegetables of the Mediterranean diet have been at the
center of a series of phytochemical and phytopharmacological studies in recent
years that have demonstrated their role in counteracting metabolic diseases and as
remarkable antioxidants to inhibit accumulation of free radicals and reduce
oxidative stress and lipid peroxidation in cellular membranes .7-9

Figure 2. Wild vegetables (“horta”) have been traditionally eaten in Greece and
Southern Italy regions and cooked with lots of olive oil. The traditional Greek
vegetable pies (such as “spanakopita”, spinach pie) is a vegetarian dish, hot or cold,
packed with vitamins, olive oil, dietary antioxidants and fiber.
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Despite the fact that these wild vegetables have represented for centuries in
the folk daily foods of the Mediterranean and the Near East areas, in-depth
ethnography-based ethnobotanical studies published in the international literature
are still relatively scarce for the Mediterranean Basin, if we exclude some areas of
Spain, inland southern Italy and Sicily, the Western Aegean part of Turkey, and
Dalmatia.10-12

Discovery of Mediterranean diet health benefits and “Seven Countries
Study”
The discovery of the health benefits of the Mediterranean Diet is attributed
to the American scientist Dr. Ancel Keys, physiologist, of the University of
Minnesota School of Public Health. He visited Madrid in the 1950s and developed
the first study relating diet and values of cholesterol in the blood. He was impressed
that the citizens who almost did not drink milk nor consumed meat or butter had
the lowest values of cholesterol. These people had very low incidences of coronary
heart diseases. The inhabitants of the district of Salamanca, nevertheless, with a
much more rich diet in saturated fat, had much higher values of cholesterol. And
among them, the cases of myocardium infarctions were much more frequent. He
was the first medical expert to pointed out the correlation between premature
cardiovascular disease (CVD) and diet for the first time. His studies covered
extended areas in the Mediterranean Sea. He was impressed that the poor
population of small towns of southern Italy and villages in Crete was much healthier
than the wealthy citizens of New York, either of their own relatives who emigrated
in earlier decades in the United States. The explanation was obviously changes in
their lifestyle and especially diet. He led an international study, called “Seven
Countries Study” (Finland, Holland, Italy, USA, Greece, Japan and Yugoslavia) to
document the relationship between lifestyles, nutrition and cardiovascular disease.
The study used different populations and included through cross-sectional studies,
being able to prove scientifically the beneficial nutritional value of the
Mediterranean diet.13,14
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Figure 3. Dr. Ancel Keys (1904-2004), School of Public Health, University of
Minnesota, USA, published numerous papers from the 1970s with results of 7
countries correlating and their diet with risk of cardiovascular diseases. Dr A. Keys
became famous by promoting the Mediterranean diet and was awarded with a
place on the cover of Time magazine (13 January 1961).
The results of the “Seven Countries Study” discovered some important
associations between diet and CVD. For example, the inhabitants of Crete, which
obtained more from 40% of their calories from fat consumption, displayed the
lowest cholesterol index and associated diseases. In the Greek island of Crete, the
percentage of deaths for this reason was 57 times smaller than in Finland. The fat
intakes of Cretans were from olive oil and olives and, the rest, from cereals,
vegetables and generally “blue fish” (oily fish as sardine, mackerel, herring, perch
and anchovy). The Cretans had also very low consumption of red and processed
meat. Japan was the second country with lower index of deaths from CVDs, due to
a large extent to a diet with great amounts of fish which contains anti-inflammatory
polyunsaturated omega-3 fatty acids.15,16
From these studies emerged clearly that populations adopting a daily
Mediterranean diet presented a very low rate of cholesterol in their blood and,
consequently, a minimum percentage of coronary heart disease. This was mainly
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due to the plentiful use of olive oil, bread, pasta, vegetables, herbs, garlic, red
onions, other foods of vegetable origin and low consumption of red meat. This type
of diet was very different from the diet of inhabitants of New York (and Northern
Europeans) who consumed large amounts of saturated animal fat and substantial
amounts of red and processed meat (sausages, bacon, etc).17-20
Starting from the revealing results of Keys’ Seven Countries Study, many
other scientific researchers have investigated the association of diet and chronic
diseases. Most of these studies convergence on the initial results and agreed in
recognizing the beneficial qualities of the Mediterranean diet. Most clinical trials
have shown that the Mediterranean diet reduces the risk of CVDs because they
reduce the weight of people (obesity) and increase high density lipoprotein, HDL
(“good” cholesterol, optimal condition, protective against heart disease). Also, the
Mediterranean diet decreases triglycerides in blood, lower blood pressure and
decrease the concentration of glucose in the blood. All these metabolic processes
are beneficial to human health.21-23
There is nothing magic about the Mediterranean diet. It is a diet
characterized by the balanced use of foods rich in fiber (whole grains of bread,
pasta, rice), plenty of antioxidants substances (fruit, vegetables, vitamins, beans,
legumes, nuts) to reduce oxidative stress and unsaturated fats from olive oil which
is not feeding the blood with cholesterol. Also, reduced consumption of red meat,
and animal protein from poultry and fish helped with balanced energy intake. But
another important factor is bodily exercise in order to balance between energy
intake and expenditure. A high proportion of the people of South Italy and Crete
are farmers, manual workers or sailors. Accumulating evidence from randomized
clinical trials showed that the Mediterranean diet has the following beneficial
effects: lipid-lowering in blood circulation and reducing lipid peroxidation,
protection against oxidative stress, inflammation and platelet aggregation,
modification of hormones and growth factors involved in initiation and promotion
of mechanisms of cancer, gut microbiota-mediated production of metabolites
influencing metabolic health.24-26
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Clinical trials and health benefits from the Mediterranean diet
This section of the article presents selected clinical trial studies on the
health benefits of the Mediterranean diet. The first clinical-trial evidence in support
of the health benefits of the Mediterranean diet came from the Lyon Diet Heart
Study in the beginning of 1990s.

A randomized, controlled trial tested the

effectiveness of a Mediterranean-type diet (consistent with the new American
Heart Association, Dietary Guidelines) on composite measures of the coronary
recurrence rate after a first myocardial infarction. Subjects in the experimental
group were instructed by cardiologists and dietitians to adopt a Mediterraneantype diet (more whole meal bread, more root vegetables and green vegetables,
more fish, fruit at least once daily, less red meat, replaced with poultry, and
margarine supplied by the study to replace butter and cream. After a mean follow
up of 27 months, there were 16 cardiac deaths in the control and 3 in the
experimental group; 17 non-fatal myocardial infarction in the control and 5 in the
experimental groups. The findings from the Lyon Diet Heart Study illustrated the
potential importance of a dietary pattern that emphasizes fruits, vegetables,
breads, cereals, and fish. Polyunsaturated α-linolenic acid and ω-3 fatty acids are
beneficial in protecting against heart disease. The clinical findings from the Lyon
Diet Heart Study implicate risk factors beyond lipids and lipoproteins, which have
historically been primary targets of intervention.27,28
A big clinical study took place in 172 health centres in Italy, with a total of
11,323 men and women with myocardial infraction and was published in 2003.
All subjects received advice to increase their consumption of fish, fruit, raw and
cooked vegetables and olive oil, assessed for 6, 18 and 42 months. Associations
of food intakes and the risk of death over 6.5 years were estimated using pooled
logistic regression. All foods were associated with a significant reduction in risk of
death. Compared with people in the worst dietary score quarter, the odds ratio
for those in the best score quarter was 0.51. A good diet had a protective effect
in sub-groups defined by age, sex, smoking, randomized treatment and
concomitant drug therapy. The scientists concluded that regardless of any drug
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treatment prescribed, clinicians should routinely advise patients with myocardial
infarction to increase their frequency of consumption of Mediterranean foods. 29
A systematic review in 2006 analyzed 43 papers corresponding to 35
different experimental studies on the effects of the Mediterranean diet
lipoproteins, endothelial resistance, diabetes and antioxidant capacity, CVDs,
arthritis, cancer and psychological function. The results from all studies showed
that the Mediterranean diet had favourable health effects on lipoprotein levels in
blood, endothelium vasodilatation, insulin resistance, metabolic syndrome,
antioxidant capacity, myocardial and cardiovascular mortality, and cancer
incidence in obese patients and in those with previous myocardial infarction.
Research established that blood levels ofm Lipoprotein(a) or Lp(a) is an important
marker for the risk developing of heart disease.30

Figure 3. Professor Antonia Trichopoulou, MD, PhD, (often called the "mother of
the Mediterranean Diet"). She is President of the Hellenic Health Foundation,
Director of the WHO Collaborating Centre of Nutrition, Medical School, University
of Athens and Professor Emeritus, School of Medicine, University of Athens. She has
served as president of the Federation of the European Nutrition Societies (FENS)
and as chairperson or key member of numerous Greek, European Commission and
WHO Committees on diet.
EPIC (European Prospective Investigation into cancer and nutrition) in
Europe was one of the largest cohort studies in the world, with more than half a
million participants recruited across 10 European countries and followed for almost
15 years. EPIC was designed to investigate the relationships between diet
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(Mediterranean Diet, adherence), nutritional status, lifestyle and environmental
factors, and the incidence of cancer and other chronic diseases. The Greek segment
of the European Prospective Investigation into cancer and Nutrition (EPIC)
examined the relation between degree of such adherence to Mediterranean diet
(MD) and incidence of cancer overall in a general population sample of 25, 623
Greek participants (10,582 men, 15,041 women). Subjects completed a validated,
interviewer-administered, semi-quantitative food-frequency questionnaire at
enrolment. During a median follow-up of 7.9 years and 188,042 total person-years,
851 medically confirmed incident cancer cases (421 men, 430 women) were
recorded. Using proportional hazards regression with adjustment for potential
confounders, scientists found that a higher degree of MD adherence was associated
with lower overall cancer incidence (adjusted hazard ratio, 0.88 (95% confidence
interval 0.80, 0.95). The association was exposure-dependent and stronger among
women.31
Also, the Greek EPIC study investigated the all cause mortality and diet. The
prospective cohort study used data from 23,349 men and women, not previously
diagnosed with cancer, coronary heart disease, or diabetes, with documented
survival status until June 2008 and completed information on nutritional variables
and important covariates at enrolment. After a mean follow-up of 8.5 years, 652
deaths from any cause had occurred among 12, 694 participants with
Mediterranean diet scores 0-4 and 423 among 10, 655 participants with scores of 5
or more. Controlling for potential confounders, higher adherence to a
Mediterranean diet was associated with a statistically significant reduction in total
mortality (0.864, 95% confidence interval 0.802 to 0.932). Scientists estimated
contributions of the individual components of the Mediterranean diet: moderate
ethanol consumption 23.5%, low consumption of meat and meat products 16.6%,
high vegetable consumption 16.2%, high fruit and nut consumption 11.2%, high
monounsaturated (olive oil) to saturated lipid ratio 10.6%, and high legume
consumption 9.7%. The contributions of high cereal consumption and low dairy
consumption were minimal, whereas high fish and seafood consumption was
associated with a non-significant increase in mortality ratio.32
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Cardiovascular Diseases (CVDs) are the number 1 cause of old age morbidity
and mortality globally. An estimated 17.7 million people died from CVDs in 2015
(31% of all global deaths). Of these deaths, an estimated 7.4 million were due to
coronary heart disease (CHD, clogged arteries) and 6.7 million were due to stroke.
Clinical trials in the past showed an important association of the Mediterranean
diet with lower risk of CHD. The EPIC study in Greece was used to establish the
benefits of adherence to the Mediterranean diet and decreased risk for CHD. The
study used a population sample of 23,929 adult men and women with no CVD or
cancer at enrolment. All those people filled a food frequency questionnaire (FFQ)
which consisted of a finite list of foods and beverages with response categories to
indicate usual frequency of consumption over the time period queried. To assess
the total diet, the number of foods and beverages queried typically ranges from 80
to 120). The interviewers administered, sociodemographic, physical activity and
other

characteristics

were

recorded,

like

arterial

blood

pressure

and

anthropometric characteristics were measured. In a median period of 10 years, 636
incident CHD cases and 240 CHD deaths were recorded. Associations of adherence
to the MD, operationalised through a nine-component score (0, poor; 9, excellent),
with CHD incidence and mortality were evaluated through Cox regression
controlling for potentially confounding variables. A two-point increase in the MD
score was associated with lower CHD mortality by 25 % (95 % CI 0.57, 0.98) among
women and 19 % (95 % CI 0.67, 0.99) among men. The association of adherence to
the MD with CHD incidence was again inverse, but weaker (hazard ratios 0.85 (95 %
CI 0.71, 1.02) among women and 0.98 (95 % CI 0.87, 1.10) among men). With
respect to score components, only meat among men (positively) and fruits and nuts
among women (inversely) were associated with both the incidence of and mortality
from CHD. The MD, as an integral entity, is inversely associated with CHD incidence
and, particularly, mortality.33
A very interesting paper on the Mediterranean diet containing the views of
medical experts from various countries was published in 2014. Medical experts
agreed that the Mediterranean diet has been linked to a number of health benefits,
including reduced mortality risk and lower incidence of cardiovascular disease
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(CVD). Also, the paper cleared the definitions of the Mediterranean diet because it
varied across some settings, and scores are increasingly being employed to define
Mediterranean diet adherence in epidemiological studies. Also, some components
of the Mediterranean diet overlap with other healthy dietary patterns, whereas
other aspects are unique to the Mediterranean diet. The research group asked
clinicians and researchers to describe what constitutes a Mediterranean diet in
different geographical settings, and how we can study the health benefits of this
dietary pattern.34
In another recent review there is an update of health benefits of the
Mediterranean Diet against several diseases of the last 5 years. The reduced risk of
these diseases are associated mainly with chronic inflammation, including
metabolic syndrome, atherosclerosis, cancer, diabetes, obesity, pulmonary
diseases, and neurodegenerative diseases of old age. All studies until now
established that adoption of a MedDiet was associated with beneficial effects on
the secretion of anti-inflammatory cytokines, antioxidant cellular and circulating
biomarkers as well as with regulation of gene polymorphisms involved in the
atherosclerotic process. The MedDiet has been considered for the prevention of
CVDs and other chronic degenerative diseases focusing on the impact of a holistic
dietary approach rather than on single nutrients. This must be emphasized because
some food constituents with high antioxidant properties, when individually taken
can be inefficient as food supplements or even cause adverse health effects. The
review considers also the results of up-to-date clinical studies (with a focus on the
last 5 years) that evaluated the effectiveness of the MedDiet in reducing the
prevalence of chronic and degenerative diseases. 35

Meta-analysis of studies on the benefits of the Mediterranean diet
Meta-analyses are widely used from the 1990s in the pooling of clinical trial
results and observational epidemiological studies. The meta-analysis integrates
findings by quantitative analyses of results of individual studies. Outcomes from a
meta-analysis include a more precise estimate of the effect of treatment or risk
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factor for disease, or other outcomes, than any individual study contributing to the
pooled analysis. The examination of variability or heterogeneity in study results is
also a critical outcome of meta-analysis. The benefits of meta-analysis include a
consolidated and quantitative review of a large, and often complex, sometimes
apparently conflicting, body of literature. 36,37
The initial meta-analysis (2008) used 12 studies that analysed data for the
association between adherence to a Mediterranean diet, mortality, and incidence
of disease. The 12 studies had a total of 1, 574, 299 subjects followed for a time
ranging from 3 to 18 years. The cumulative analysis among 8 cohorts (514, 816
subjects and 33, 576 deaths) evaluating overall mortality in relation to adherence to
a Mediterranean diet showed that a two point increase in the adherence score was
significantly associated with a reduced risk of mortality (pooled relative risk 0.91,
95% confidence interval 0.89 to 0.94). The analyses showed also a beneficial role
for greater adherence to a Mediterranean diet on CVDs (pooled relative risk 0.91),
incidence of or mortality from cancer (0.94) and incidence of Parkinson’s disease
and Alzheimer’s disease (0.87). Scientists concluded that greater adherence to a
Mediterranean diet was associated with a significant improvement in health status,
as seen by a significant reduction in overall mortality (9%), mortality from CVDs
(9%), incidence of or mortality from cancer (6%), and incidence of Parkinson’s
disease and Alzheimer’s disease (13%).38
The same group of scientists conducted a comprehensive literature search
through electronic databases up to June 2010. Another 7 (total 12+7) prospective
studies were published in the past 2 y that were not included in the previous metaanalysis The meta-analysis showed that a 2-point increase in adherence to the
Mediterranean diet was associated with a significant reduction of overall mortality
[relative risk (RR) = 0.92], CVDs incidence or mortality (RR = 0.90) cancer incidence
or mortality (RR = 0.94) and neurodegenerative diseases (RR = 0.87).39
Another study (2011) assessed the effect of a Mediterranean diet on

metabolic syndrome (MS) as well as its components (obesity, high-density
lipoprotein cholesterol, triglycerides, blood pressure, glucose, etc). The systematic
review contacted a meta-analysis of epidemiological studies and randomized
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controlled trials of 50 original research studies (35 clinical trials, 2 prospective and
13 cross-sectional), with 534,906 participants, until 2010. The combined effect of
prospective studies and clinical trials showed that adherence to the Mediterranean
diet was associated with reduced risk of Metabolic syndrome (log hazard ratio:
−0.69) and substantial reductions in all components.40

The beneficial dietary compounds of olive oil
The beneficial effects of olive oil on human health are associated with its
chemical composition of oily fatty acids, vitamins and in particular with the
antioxidant and anti-inflammatory properties of certain polyphenolic compounds.
Olive oil is produced by pressing whole olives and is used in cooking (frying
meat and fish) or as a salad dressing. It is also used in cosmetics, pharmaceuticals,
and soaps. The composition of olive oil varies with the cultivar, altitude where olive
trees are situated, time of harvest and extraction process. It consists mainly of
monounsaturated oleic acid (up to 83%), with smaller amounts of linoleic acid (up
to 21%) and palmitic acid (up to 20%). Extra virgin olive oil (EVOO) is required to
have no more than 0.8% free acidity. The annual world production in 2016/17 was
2,586,000 tons, Spain produced 1,290,000 tones, Turkey 208,000 t, Greece 195,000
t, Italy 182,300 t, Morocco 110,000 t (statistics from International Olive Oil Council,
headquarters in Madrid, Spain).

Figure 4. Oleic acid is the major monounsaturated fatty acid in olive oils. According
to the rules of International Olive Oil Council (IOOC), its concentration must range
from 55% to 83% of total fatty acids. Linoleic acid is the most abundant
polyunsaturated fatty acid min olive oil. Saturated fatty acids make up 15% to 25%
of the total fatty acids.
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The composition of olive oil is primarily triacylglycerols (~99%) and
secondarily free fatty acids, mono- and diacylglycerols, and an array of lipids such
as hydrocarbons, sterols, aliphatic alcohols, tocopherols, and pigments. Fatty acids
present in olive oil are palmitic (noted with numbers of carbon atoms: of carbons
and number of double bonds, C16:0), palmitoleic (C16:1), stearic (C18:0), oleic
(C18:1), linoleic (C18:2), and linolenic (C18:3). Saturated Myristic (C14:0),
heptadecanoic and eicosanoic acids are found in trace amounts. The composition of
various olive oils in fatty acid is: Oleic acid (55-83%), Linoleic acid (3,5-21%), Palmitic
acid 7.5-20%, Stearic acid 0.5-5%, α-Linoleic acid 0-1.5%. 41,42
The most important group of chemicals in olive oil which have strong
antioxidant properties and play a beneficial role in health are the polyphenols (two
or more HO- groups). Also, some volatile constituents contribute to the unique
character smell and taste of the olive oil. Polyphenols make up 18-37% of the
unsaponifiable fraction of oil. Polyphenols have nutritional and organoleptic
properties (oleuropein and hydroxytyrosol give olive oil its bitter and pungent
taste). Oleuropein, the ester of hydroxytyrosol and elenolic acid, are the most
important secoiridoids, and the main olive oil polyphenol. 43,44

Figure 5. Antioxidant polyphenols in olive oil. Tyrosol and Hydroxytyrosol are the
main polyphenols in olive oil and extra virgin olive oil with strong antioxidant
activity . Oleuropein, another strong antioxidant constituent, accumulates in olives
during the growth phase, up to 14% of the net weight when the fruit turns greener,
its quantity reduces.
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Fatty acids in olive oil and their health benefits
The proportion of the fatty acids in olive oil influence the stability of the
olive oil but also determine the nutritional value of the olive oil and health benefits.
Some fatty acids are considered better than others with oleic acid the most
desirable nutritionally. Fatty acids other than n-3 Polyunsaturated Fatty Acids
(PUFAs) can interact with metabolism of eicosanoids and potentially influence
platelet function. Diets rich in unsaturated fatty acids, such as linoleic acid and oleic
acid, can decrease thromboembolic risk. Studies showed that a higher intake of
linoleic acid may protect against ischemic stroke, possibly through potential
mechanisms of decreased blood pressure, reduced platelet aggregation, and
enhanced deformability of erythrocyte cells.45
The beneficial effects of olive oil can be attributed to its high content of
oleic acid (70-80%). The consumption of olive oil increases the levels of oleic acid in
cell membranes, which helps to regulate the structure of membrane lipids through
control of signal-mediated G protein, causing a reduction in blood pressure. The
mechanisms by which olive oil exerts its beneficial effects merit further
investigation, and additional studies are required to document the benefits of olive
oil consumption on primary endpoints for cardiovascular disease. Oleic acid has
been identified as an essential element in the prevention of ischaemic
cardiovascular disease. There is specific evidence that diets which are rich in oleic
acid (and linoleic acid) can reduce thromboembolic risk, by reducing platelet
aggregation. Data from trasnational studies suggest a differential role between
oleate and palmitate supporting the cardioprotector role of oleate as the main lipid
component of virgin olive oil.46
Many clinical and epidemiologic studies have shown positive roles for n-3
fatty acids in infant development; cancer; cardiovascular diseases; various mental
illnesses, including depression, and dementia (neurodegenerative diseases). These
fatty acids are known to have pleiotropic effects, including effects against
inflammation, platelet aggregation, hypertension, and hyperlipidemia. These
beneficial effects may be mediated through several distinct mechanisms, including
16

alterations in cell membrane composition and function, gene expression, or
eicosanoid production.47
Also, fatty acids from the diet play an important role as energy sources and
cellular membrane constituents in humans. They have biological activities that act
to influence cell and tissue metabolism, function, and responsiveness to hormonal
and other signals. The biological activities may be grouped as regulation of
membrane structure and function; regulation of intracellular signaling pathways,
transcription factor activity, and gene expression; and regulation of the production
of bioactive lipid mediators. Through these effects, fatty acids influence health,
well‐being, and disease risk.48

Olive oil consumption reduces lipid peroxidation and oxidative stress
Numerous studies in the last decades established that oxidative stress and
resulting lipid peroxidation are involved in numerous pathological states including
inflammation, atherosclerosis, neurodegenerative diseases, and cancer. Such
metabolic disturbances are involved the overproduction of reactive free radicals
(RFR) and Reactive Oxygen Species (ROS) which are thought to play a major role in
oxidizing biological macromolecules and promote pathological conditions. 49
Lipid peroxidation is a term explaining different types of biochemical
reactions, having both positive and negative implications on the human body. Lipid
oxidation is important for several physiological reactions (production of energy
through β-oxidation). Oxidation is also involved in the production of
signalling substances called eicosanoids. These are formed from the ω-3 fatty acid
eicosapentaenoic acid (EPA) and the ω-6 fatty acid arachidonic acid (AA) by the
action of specific enzyme systems. Lipid oxidation could also refer to uncontrolled
oxidative degradation of lipids initiated by ROS which is the first step in the
formation of several cytotoxic and mutagenic substances in the body.50,51
Despite the important physiological role, free radicals and especially ROS
when their levels increase substantially despite the antioxidant barriers can lead to
potential harm (initially with increased oxidative stress). The evolutionary process
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of millions of years enriched the multicellular organisms, including human cells, to
develop multiple antioxidant protection mechanisms (enzymatic and nonenzymatic) against the damaging effects of ROS oxidation. For instance, the
presence of antioxidants that inhibit the accumulation of free radicals, and specific
enzyme systems (superoxide dismutase, catalase, glutathione, etc) which breaks
down the lipid peroxides into oxygen and water. Also small molecules (like vitamins
C and E) play an important antioxidant role. However, the protective systems of the
human body is limited to excessive situations. An imbalance between ROS and the
biological organism’s capacity to neutralize and eliminate free radicals may lead to
accumulation of oxidative cellular damage, commonly called oxidative stress, which
is well known to be potential harmful by repressing proteins included in the
oxidative defense, and by depleting cellular storage of antioxidants like vitamin E, C
and carotenoids. This is the reason why it is so important with daily intake of foods
containing antioxidants (fruit, vegetables, olive oil). Polyphenols from olive oil, such
as hydroxytyrosol, are very active and well-documented antioxidants that scavenge
(neutralize) ROS circulating in blood and liquid section of tissues and cells.52,53
Most foods are bioavailable sources of antioxidants and can reduce
oxidative stress on a daily basis. Consuming daily a reasonable amount of fruit,
vegetables, olive oil, pulses and other food items can offer substantial amounts of
antioxidants in the human body. Olive oil and especially extra virgin olive oil (EVOO)
is one of the most studied antioxidant food source. Olive oil can provide phenolic
acids, secoiridoids, lignans, and flavones with high degrees of antioxidant activity,
with Tyrosol and Hydrotyrosol identified as providing the greatest antioxidant
activities. Studies in vitro and in vivo established that olive oil reduces substantially
oxidative stress in cells of biological organisms.54,55

Polyphenoles and other compounds in olive oil and their antioxidant
properties
Olive oil contains a number of strong antioxidant polyphenols, vitamin E,
vitamin K and other natural antioxidants which constitute the olive oil’s natural
preservatives. These antioxidants dampen the autogeneration of peroxides,
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delaying the onset of oxidation and rancidity of the olive oil. Most of these
antioxidants have been associated with human health benefits presumably through
their free radical scavenging activity. More than 30 polyphenols have been
indentified in olive oil. The most important phenolic compounds are: Tyrosol,
Hydrotyrosol, Oleuropein, Pinoresinol, Oleocanthal, Caffeic acid, Ferulic, Vanillic
and p-Coumaric acids. Hydroxytyrosol, comprising over 40% of total olive oil
phenolics, contributing the highest percentage of antioxidant activity. The
antioxidant capacity of olive oil can be determined by various methods. The ferric
reducing antioxidant power (FRAP) and Trolox equivalent antioxidant capacity
(TEAC) assays showed that the antioxidant values were significantly correlated with
Tyrosol, Hydroxytyrosol and as well as Oleuropein concentrations. 56,57
The beneficial biological activity of olive oil (free radical scavenging,
antimicrobial and anti-inflammatory activity) has been studied extensively. The
olive oil polyphenols are strongly correlated to their antioxidant properties. They
tend to reduce the pool of reactive ROS which can cause DNA and enzyme oxidative
damage. Studies showed that these biological mechanisms are associated with
oxidative stress, lipid peroxidation of cellular membrane lipids and potentially
carcinogenic metabolites. A broad spectrum of health-promoting properties of
plant polyphenols comprises antioxidant, anti-inflammatory, anti-allergic, antiatherogenic, anti-thrombotic, and anti-mutagenic effects. Numerous scientific
studies showed that polyphenols can modulate the human immune system by
affecting the proliferation of white blood cells, and also the production of cytokines
or other factors

that

participate

in the

immunological defense.

The

chemopreventive effects of olive oil polyphenols have been carried in anticancer in
vitro studies.58,59
Antioxidant Oleuropein in olive oil
Oleuropein belongs to the secoiridoids. Phenolics, like oleuropein, from
virgin olive oil (VOO) have been demonstrated to be highly bioavailable.60
Oleuropein has several pharmacological properties, including antioxidant antiinflammatory, anti-atherogenic, anti-cancer, antimicrobial , and antiviral, and for
19

these reasons, it is commercially available as food supplement in Mediterranean
countries. Oleuropein is rapidly degraded by colonic microflora producing one of its
most important metabolites, Hydroxytyrosol (HT). This phenolic is also found in the
olive leaf and is claimed as the most potent antioxidants in nature to date.61.62

Oleuropein
Figure 6. The antioxidant molecules of Oleuropein and Hydrosol have a high
number of hydroxyl groups (OH) which can scavenge oxygen free radicals, reducing
their oxidative effects on mutlicellular organisms and offer beneficial health results
to people who use daily olive oil with their food.

Antioxidant Hydroxytyrosol in olive oil.
Hydrotyrosol is another high scavenger of free radicals and inhibit low
density lipoprotein (LDL) oxidation. This polyphenol, like oleuropein, showed dosedependent activity as potent antioxidant. Both are more potent at scavenging free
radicals than the endogenous antioxidant vitamin E.63,64 Hydroxytyrosol from olive
oil exerts antioxidant, anti-inflammatory, anti-platelet aggregation and antiatherogenic activities in in vitro and animal models.65
Hydroxytyrosol and oleuropein showed anticancer effects by the prevention
of DNA damage, which can prevent mutagenesis and carcinogenesis. Additionally,
Hydroxytyrosol showed biological activity affecting various enzymes which are
connected with a variety of pharmacological activities such as antioxidant
properties, anticancer, anti-inflammatory, and neuroprotective activities, and
beneficial effects on the cardiovascular system. It has been proposed that these
polyphenols can lead to the development of dietary supplements in the future. But,
further research need to be performed to provide the theoretical basis for
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hydroxytyrosol and its derivatives use as health supplements. Other problems are
related to biovailability, metabolism, toxicity for high repeated doses.66
Antioxidant Oleocanthal in olive oil
Olive oil benefits have been underlined in the action of Oleocanthal that has
been found to have anti-inflammatory and antioxidant properties in vitro.
Oleocanthal acts in a similar mechanism with classical non-steroidal antiinflammatory drugs and it was found to be a non-selective inhibitor of
cyclooxygenase (COX) providing relief from symptoms of inflammation and pain.
Despite the pharmaceutical effects (for example, ibuprofen-like activity), the
absorption, metabolism, and distribution of Oleocanthal is not well characterized,
and it is not known whether these in vitro effects actually occur in the human
body.67 In-vitro and in-vivo studies showed that Oleocanthal enhances β-Amyloid
clearance as a potential neuroprotective mechanism against Alzheimer's Disease.68

Oleocanthal
Figure 7. Oleocanthal (polyphenols concentrations are between 300-1000 mg/Kg of
olive oil) is only 10% of the polyphenols in olive oil (30-100 mg/Kg). Squalene 30carbon isoprenoid compound and intermediate metabolite in the synthesis of
cholesterol. Squalene plays an important role in the stability of olive oil.

Squalene as stabilizer of olive oil
Squalene (SQ) is another constituent of olive oil which acts as chainbreaking antioxidants. It scavenges the chain-carrying peroxyl radicals, interrupt the
chain propagation, but is modified during this reaction. The role of Squalene in olive
oil stability was studied for various concentrations and experimental conditions. A
concentration dependent moderate antioxidant activity was evidenced which was
stronger in the case of olive oil compared to that found for sunflower oil and lard.
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The weak antioxidant activity of Squalene in olive oil may be explained by
competitive oxidation of the different lipids present which leads to a reduction of
the oxidation rate. Squalene plays a rather confined role in olive oil stability even at
low temperatures.69

Can olive oil polyphenols used as dietary supplements?
The discovery of polyphenols in olive oil and their antioxidant activity with
beneficial effects was promoted by various olive oil producers to advertise their
products with extra claims of health benefits. Also, there is an active EUROLIVE
scientific consortium (2002-2004) that investigates the health benefits of virgin and
common olive oil in prevention of pathologies that affect cardiovascular function
and their cost/benefit ratio. EU-funded clinical trial, PI Dr. Maria Isabel Covas,
Institut Municipal d'Investigacio Medica (IMIM), Barcelona, Spain, Funded by the EU
FP6 program. The study aimed at assessing the beneficial effects of olive oil
(especially the polyphenolic compounds on oxidative stress and oxidative damage
in humans) and aimed at providing information to the European Consumers, and to
the Olive Oil Industry [www.uef.fi/web/nutritionepidemiologists/eurolive-study-2001].
A study in 2006 in the prestigious Annals of Internal Medicine published the
results of research in 6 research centers from 5 European countries (Spain, Italy,
Germany-Potsdam, Germany-Berlin, Denmark and Finland, EUROLIVE study group,
Effect of Olive Oil Consumption on Oxidative Damage in European Populations). The
study was a randomized, crossover, controlled trial (200 healthy male volunteers.).
Three oils were tested: a. virgin olive oil with a high concentration of polyphenols
(366 mg/kg), ab. A refined olive oil from the same olives with most of polyphenols
removed (2.7mg/kg) but adjusted to have the same vitamin E, vitamin C, beta
carotene, saturated and polyunsaturated content, and c. a medium olive oil with
polyphenols (164 mg/kg) that was made by mixing the first two. The participants
consumed 25ml per day of one of the 3 oils for 3 weeks. Urine samples were tested
for substances in olive oil to see if the olive oil was actually consumed. Blood levels
of glucose, cholesterol and a variety of biomarkers of oxidative damage from lipids
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were measured. The conclusions of the study showed that a daily 25ml dose of all
three olive oils (the U.S. FDA recommendation) improved the ratio of good
cholesterol to bad and improved triglyceride levels. The higher the phenol content
of the oil, the higher the HDL "good" cholesterol and the higher the level of
antioxidants in the blood (beneficial for preventing heart diseases), Scientists note
limitations of the study, that the olive oil may have interacted with other dietary
components, participants' dietary intake was self-reported, and the intervention
periods were short.70
Another study investigated the impact of the phenolic compounds in olive
oil on DNA and RNA oxidation in North, Central, and South European populations
with a multicenter, double-blind, randomized, controlled crossover intervention
trial. The effect on urinary oxidation products of guanine (8-oxo-guanine, 8-oxoguanosine and 8-oxo-deoxyguanosine) was investigated. 25 mL (milliliters) of 3 olive
oils with low, medium, and high phenolic content were administered to healthy
males (n=182) daily for 3 weeks. The results on urinary 8-oxo-deoxyguanosine
changes (from baseline to post-treatment) showed a reduction of DNA oxidation by
13%. These findings support the idea that ingestion of olive oil is beneficial and can
reduce the rate of oxidation of DNA.71
Finally, a crossover, controlled trial, 200 healthy men were randomly
assigned to 3-week sequences of 25 mL/day of 3 olive oils with high (366 mg/kg),
medium (164 mg/kg), and low (2.7 mg/kg) phenolic content. The results showed
Plasma OLAB (OxLDL auto-antibodies) concentration was inversely associated with
oxLDL (oxidized Low Density Lipoproteins). Olive oil phenolic content increased
OLAB generation, with the effect being stronger at higher concentrations of oxLDL.
A direct relationship was observed between OLAB and the total olive oil phenol
content in LDL. OLAB concentrations, adjusted for oxLDL, increased directly in a
dose-dependent manner with the polyphenol content of the olive oil administered.
The conclusion: Olive oil polyphenols promote OLAB generation. This effect is
stronger at higher concentrations of lipid oxidative damage. In summary, the study
showed that European populations have an inverse relationship between oxLDL
concentrations and OLAB. OLAB concentrations were directly related with the
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OOPC (olive oil phenolic compound) content in LDL. OLAB concentrations increased
in a dose-dependent manner with the phenolic content of the olive oil
administered. High lipid oxidative damage was associated with the greatest
increase of OLAB values by olive oil polyphenols.72
Another randomized, crossover, controlled trial with 47 healthy European
male volunteers tested olive oil polyphenols. Participants ingested 25 mL/d of
polyphenol-poor (2.7 mg/kg) or polyphenol-rich (366 mg/kg) raw olive oil in 3-week
intervention periods, preceded by 2-week washout periods. HDL cholesterol efflux
capacity significantly improved after polyphenol-rich intervention versus the
polyphenol-poor one (+3.05% and -2.34%, respectively. The concluriosn of the
results showed that olive oil polyphenols promote the main HDL antiatherogenic
function, its cholesterol efflux capacity. These polyphenols increased HDL size,
promoted a greater HDL stability reflected as a triglyceride-poor core, and
enhanced the HDL oxidative status, through an increase in the olive oil polyphenol
metabolites content in the lipoprotein.73
A recent study (2015) of EUROLIVE investigated 25 volunteers. The
volunteers ingested 25 mL/day raw low-polyphenol-content olive oil (LPCOO; 366
mg/kg) or high-polyphenol-content olive oil (HPCOO; 2.7 mg/kg) for 3 weeks.
Interventions were preceded by 2-wk washout periods. Effects of olive
oil polyphenols on plasma LDL concentrations and atherogenicity were determined
in the sample of 25 men. Effects on lipoprotein lipase (LPL) gene expression were
assessed in another sample of 18 men from the EUROLIVE study. The results
showed that consumption of olive oil polyphenols decreased plasma LDL
concentrations and LDL atherogenicity in healthy young men. 74
It must be underlined that the strong antioxidant activity of some
polyphenols of olive oil their concentration is very small in olive oil to be of
pharmaceutical-therapeutical significance. This is the case of oleocanthal, which is
advertised in some olive oil products. Scientists in a letter of an important scientific
journal (Molecular Nutrition and Food Research) emphasized that metabolism and
biovailability of phytochemicals is variable and difficult to measure. Also, optimistic
estimates for daily consumption of olive oil containing oleocanthal is less than 0.9
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mg/day on a daily food consumption (with olive oil) Therefore polyphenols and
oleocanthal are not in sufficient amounts to have strong pharmaceutical and
therapeutic implications.75

Olive oil polyphenols and synthetic derivatives as compounds of
pharmacological interest
The beneficial effects to human health from the daily consumption of olive
oil is undoubtedly evident from numerous studies, but the question scientists will
like to ask is if the chemical constituents of olive oil and their synthetic derivatives
can be used for new substances of pharmacological interest. There is increasing
scientific and pharmacological interest in the last decade for antioxidant natural
polyphenols from olive oil. A plethora of studies have investigated their medical
efficacy in vitro, in cell cultures, in model organisms in vivo and, to a lesser extent,
in humans (clinical dietary studies, epidemiological). Also, many studies
investigated the biochemical and biological modifications underlying their
antioxidant and anti-inflammatory effects. Pharmaceutical companies have
advanced the idea of developing new drugs from olive oil polyphenols, especially
designed to combat chronic inflammatory states, atherosclerosis, thrombosis
related to CVDs, various types of cancer, amyloid deposition, and age-associated
neurodegeneration. But scientists have to consider that there is reduced
bioavailability due to incomplete intestinal absorption of olive oil polyphenols.76
One of the olive oil poyphenols that attracted the attention of
pharmaceutical companies was Oleocanthal, which showed similar antiinflammatory properties to Ibuprofen (nonsteroidal anti-inflammatory drug that is
used for treating pain, fever, and inflammation) and chemotherapeutic properties.
This pharmacological similarity has provoked interest in oleocanthal and the few
studies conducted thus far have verified its anti-inflammatory and potential
therapeutic actions. 77,78
In the last decade there are numerous preclinical studies with promising
results on the beneficial health effects of single components of the phenolic
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fraction of olive oil. Although some of these beneficial effects may derive from the
interaction of the various Virgin Olive Oil (VOO) components generated by
enzymatic hydrolysis of the phenolic extracts when used as a mixture, Oleuropein
and Hydrotyrosol are considered the major candidates for a pharmacological use,
both as single drug or after enrichment of olive oil or other food components.
These polyphenols have firstly high bioavailability and secondly an absolute
absence of either acute or sub-chronic toxicity (from animal experimental models).
The high stability and bioavailability of Oleuropein and Hydrotyrosol has
encouraged scientific attempts to enrich the olive oil or other food components
with olive oil phenolic compounds. Also, there are suggestions for improvement of
their pharmacological properties with their semisynthetic derivatives, to use as
individual pharmacological agents or in combination.79
In vitro and in vivo studies indicate that Extra Virgin Oilive Oil (EVOO) and
its

polyphenols

can

improve

diseases

symptoms

in

Immunemediated

Inflammatory Diseases (IMID), by acting both at local and systemic levels and by
modulating several molecular pathways.80
Neurodegeneration protection by using EVOO polypehnols has been a field
of recent research. Scientists have investigated phenolics of olive oil as effective
pharmacological agents against aging and neurodegeneration, both in animal
models and in humans. These studies (reviewed in a recent paper) indicate that
they interfere with the aggregation of peptides/proteins found in amyloid
diseases, particularly in Alzheimer’s and Parkinson’s diseases. Also, they protect
cells and tissues against aging-associated functional derangement (ion/redox
homeostasis, aberrant cell signaling, etc.). Finally, polyphenols act in
transcriptional modulation through epigenetic modifications. A MEDLINE for
literature reference; search we found clinical trials with olive oil and/or its
polyphenols that suggested their potential for what neuroprotective therapy, but
there a need for more studies in humans to confirm the results obtained in animal
and cell models.81
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Latest studies on olive oil consumption and health benefits
This section will include studies which were published in the last five years
(2014-2018) for the beneficial effects of olive oil and EVOO on health. Investigations
showed that there is epidemiological evidence concerning the relationship between
olive oil and key public health outcomes including Cardiovascular Diseases (CVD),
diabetes, metabolic syndrome (MetS), obesity and cancer, with a particular focus
on recent results from cohort studies and dietary intervention trials. Also, this part
contains systematic reviews and meta-analysis.

Olive oil and prevention of cardiovascular diseases (CVDs)
The majority of epidemiological and diet studies focus on the polyphenol
fraction of olive oil or extra-virgin olive oil (EVOO) as the component responsible for
its cardioprotective effects in humans. A recent systematic review (2018) and metaanalysis evaluated the effect of high versus low polyphenol olive oil on
cardiovascular disease (CVDs) risk factors in clinical trials. Randomized controlled
trials that investigated markers of CVD risk (e.g. outcomes related to cholesterol,
inflammation, oxidative stress) were included. Also, a meta-analysis was conducted
using clinical trial data with available CVD risk outcomes. Twenty-six studies were
included. Compared to low polyphenol olive oil, high polyphenol olive oil
significantly improved measures of malondialdehyde (a marker of oxidative stress),
oxidized LDL , total cholesterol, High Density Lipoproteins (HDL) and cholesterol.
Subgroup analyses and individual studies reported additional improvements in
inflammatory markers and blood pressure. The conclusion was that high polyphenol
oils confer some CVD-risk reduction benefits.82
A

randomized,

double-blind,

crossover

used
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enriched

hypercholesterolemic subjects. These volunteers received a control Virgin Olive OilVOO (80 mg kg-1), functional-VOO (FVOO) (500 mg.kg-1), and FVOOT (500 mg.kg-1 ;
1:1) for 3 weeks. Both functional VOOs promoted cardioprotective changes,
modulating HDL proteome, increasing fat-soluble antioxidants, improving HDL
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subclasses distribution, reducing the lipoprotein insulin resistance index, increasing
endogenous antioxidant enzymes, protecting DNA from oxidation, ameliorating
endothelial function, and increasing fecal microbial metabolic activity.83
A recent review (2018) examined studies that investigated the effect of
extra virgin olive oil (EVOO) supplementation in healthy subjects and in individuals
at cardiovascular risk.

The studies demonstrated the role of EVOO as anti-

inflammatory, antioxidant and vasodilatory nutrient that contribute to lower the
atherosclerotic burden.84
Another review (2017) collected several studies for the antioxidant activity
of polyphenol Hydrotyrosol and its effects as cardioprotective agent. The results
showed that is a strong antioxidant, it exerts antioxidant, anti-inflammatory, antiplatelet aggregation and anti-atherogenic activities in vitro experiments and in
animal models. However, scientists suggested that Hydrotyrosol and its possible
therapeutic use in humans requires additional clinical trials.85
A review (2015) collected numerous epidemiological studies (cohort studies
and dietary intervention studies) with evidence between olive oil consumption and
key public health outcomes, including longevity-mortality, CVD, diabetes, metabolic
syndrome, obesity and cancer. Results have shown that regular consumption of
olive oil is associated with increased longevity because of unequivocal cardioprotective role. Olive oil is also implicated in preventing certain cancers, with the
most promising findings for breast and digestive tract cancers, although the data
are still not entirely consistent and mainly from case–control studies. These health
benefits are also supported by strong mechanistic evidence from experimental
studies, demonstrating that specific components of olive oil have antihypertensive,
antithrombotic, antioxidant, antiinflammatory and anticarcinogenic action.86
Oleic acid and polyphenols of olive oil are considered the most important
for CVD prevention. According to the European Food Safety Authority (EFSA) the
antioxidant suppression of low-density lipoprotein (LDL) oxidation is the most
important (supported by proteomic biomarkers). A research evaluated the impact
of diet supplementation with extra olive oil consumption (20 ml dose daily) in 69
healthy participants for 6 weeks. Increased consumption improved urinary
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proteomic biomarkers of coronary artery disease (CAD), chronic kidney disease
(CKD), and diabetes. Improvements included plasma triacylglycerols, oxidized LDL,
and LDL cholesterol. In comparison participants with consumption of olive oil with
low-phenolics did not presented an improvement in CVD health biomarkers.87

Olive oil consumption and decreased risk for certain cancers
In January 2018, the International Olive Council convened several worldwide
experts at the Robert Mondavi Institute (Davis, CA, USA), to discuss and summarize
the available data on the effects of olive oil consumption on human health. The
reported findings in this international conference, proved that consuming
olive oil as part of a balanced diet and healthful lifestyle improves prognosis and
extends life- and health-spans. This review examines the preventative effects of
olive oil consumption for breast cancer and colorectal cancer. 88
From the 1990s there were experimental animal studies providing evidence
that consumption of olive oil (vegetable oil with monounsaturated fatty acids) in
contrast to consumption of other animal fats (with saturated fatty acids) was
implicated in preventing certain cancers, with the most promising findings for
breast and digestive tract cancers. These anticancer properties were supported by
strong mechanistic evidence from experimental studies, demonstrating that specific
components of olive oil have anticarcinogenic action. Despite the accumulating
epidemiological research, there is still a lack of consistent results from high-quality
studies for many health outcomes.86,89, 90
One of the original investigations on olive oil consumption was a Greek
study that was conducted (1995) by a well known medical cancer research group
(Prof. D. Trichopoulos and colleagues, Medical School, University of Athens) to
evaluate and quantify the effect of consumption of olive oil, margarine, and a range
of food groups on the risk of breast cancer. Data were collected from a
comprehensive, semiquantitative food-frequency questionnaire administered to
820 women with breast cancer and 1,548 control women on trend for the
consumption of olive oil, margarine, and a series of food groups classified in
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quintiles. Adjustment for the effects of reproductive risk factors, energy intake, and
mutual confounding influences was implemented through unconditional logistic
regression modeling. Vegetable consumption and fruit consumption were
independently associated with statistically significant reductions of breast cancer
risk by 12% and 8%, respectively. Results showed that increased olive oil
consumption was associated with significantly reduced breast cancer risk (OR = 0.75
[95% confidence interval = 0.57-0.98]. The opposite was increased margarine
consumption was associated with increased risk (OR = 1.05 [95% confidence
interval = 1.00-1.10]. The olive oil association was apparently concentrated among
postmenopausal women. The researchers concluded that although major
categories of macronutrients do not show significant associations with breast
cancer risk in most studies, including the present one, vegetables and fruits are
inversely, significantly, and strongly associated with this risk. There also is evidence
that olive oil consumption may reduce the risk of breast cancer. 91
In 1997 a well known group of cancer epidemiologists attempted in a review
to summarize the evidence concerning the association of olive oil intake
with cancer risk in humans. They reviewed a large number of the studies that met
the following certain criteria: a. studies have directly examined olive oil in the
context of an extensive food frequency questionnaire or have evaluated the role of
monounsaturated fat in populations of Mediterranean countries, and b. studies
have analyzed the data with explicit or implicit control for energy intake to
accommodate the likely confounding influence of caloric consumption and to
account to a certain extent for differential completeness of reporting between
cases and controls. Also, the review used ecologic studies which were relevant
experimental data. The researchers concluded that in respect to breast cancer,
there is converging evidence for a protective effect, although the data are not
definitive. For other cancer vtypes, the overall epidemiologic evidence, although
promising, is quantitatively limited and qualitatively suboptimal. 92
Another interesting study on olive oil and breast cancer was carried in Spain
[which is part of the larger Spanish study clinical trial, called Prevención con Dieta
Mediterránea–PREDIMED] and was published in JAMA Internal Medicine,
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14.9.2015. PREDIMED looked at three different groups of women. One followed the
Mediterranean diet plus extra servings of olive oil. A second followed the diet plus
extra servings of nuts. Those in the third group were advised to reduce their fat
intake. The study followed about 4,300 women ages 60 to 80 for five years. During
the study period, 35 breast cancers were diagnosed. There were 62% fewer cancers
in the group who ate the olive oil–enhanced diet, compared with women just told
to cut their fat intake. The rate of breast cancer in the group who ate the
Mediterranean diet plus extra nuts was not statistically different from that among
the women told to reduce fat intake. These results need to be confirmed by longer,
larger studies. The PREDIMED research is helping to establish olive oil—and the
Mediterranean diet in general—as a cornerstone of a healthy diet. Although olive
oil isn't likely to be the answer to breast cancer prevention, using it generously isn't
likely to hurt. This is the first randomized trial finding an effect of a long-term
dietary intervention on breast cancer incidence. The results suggest a beneficial
effect of a Mediterranean diet supplemented with extra-virgin olive oil in the
primary prevention of breast cancer. 93
The role of olive oil in the reduction of breast cancer from epidemiological
studies in the last decade are still relatively limited, not entirely consistent and
mainly based on case-control studies. A large European Prospective Investigation
into Cancer and Nutrition (investigating effects of olive oil) collected data from
62,284 postmenopausal women recruited from Spain, Italy and Greece who had
complete dietary data (collected from validated country-specific dietary
questionnaires). The risk of breast cancer (overall and by hormone receptor
subtypes) was assessed using hazards ratios (HRs) obtained from Cox proportional
hazards regression.

After a mean follow-up of 9 years, 1,256 women were

diagnosed with a primary incident invasive breast cancer. The multivariate HRs for
breast cancer risk by olive oil intake (highest vs. lowest tertile of g/day/2,000 kcal)
were 1.07 in the adjusted model, 1.06 (95% CI = 0.91-1.24) in the model additionally
adjusted for reproductive-related factors and 1.10 for the model additionally
adjusted for dietary factors. The study found no association between olive oil and
risk of estrogen or progesterone receptor-positive tumours, but a suggestion of a
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negative association with estrogens and progesterone receptor-negative tumours.
The results showed that olive oil consumption during adult life was not associated
with the risk of breast cancer.94
Many studies in the past suggested that total fat intake (animal, fish and
vegetable fat) may be associated with increased or decrease risk of breast cancer,
but the effect of vegetable oils was inconclusive. Researchers searched the
MEDLINE, EMBASE, Cochrane databases, and CNKI (2014), and identified all
observational studies providing quantitative estimates between breast cancer risk
and different vegetable oils consumption for a meta-analysis. Data from 5
prospective cohort studies and 11 retrospective case-control studies, involving
11,161 breast cancer events from more than 150,000 females, met the inclusion
criteria. Compared with the lowest vegetable oils consumption, higher intake didn't
increase the risk of breast cancer. Higher olive oil vintake showed a protective
effect against breast cancer which was not significant among the three cohort
studies. According to the research group this meta-analyses suggested that higher
intake of vegetable oils is not associated with the higher risk of breast cancer, and
in the case of olive oil presented a protective factor for breast cancer.95
Another review (2011) on the effects of olive oil consumption on breast
cancer used data from 16 experimental series analysing the effects of dietary lipids
on mammary carcinogenesis in an animal model, in the context of the international
literature on the Mediterranean diet, olive oil and vbreast cancer risk. The results of
this investigation found that diets rich in extra virgin olive oil (EVOO) exert a
negative modulatory effect on experimental breast cancer. EVOO confers to the
mammary adenocarcinomas a clinical behaviour and morphological features
compatible with low tumour aggressiveness. In addition, EVOO induced different
molecular changes in tumours, such as in the composition of cell membranes,
activity of signalling proteins and gene expression. All these modifications could
induce lower proliferation, higher apoptosis and lower DNA damage, and
consequently lower breast cancer risk.96
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Colorectal cancer (CRC) is a common cancer in many western societies and
the role of dietary factors in the development of CRC has long been recognized by
many studies. The CRC incidence is particularly high in countries with high meat
consumption

(USA,

western

and

north

European

countries),

whereas

Mediterranean countries have much lower CRC mortality rates. It has been
suggested long time ago that the lower rates of CRC may be attributable to some
extent to the frequent consumption of diet rich in olive oil, fruit and vegetables.97
Statistical evidence of morbidity and mortality from various cancers showed
that Southern European countries have lower incidence rates of colorectal cancer
(CRC) than many other western countries. It was postulated that, because olive oil
is thought to influence bile salt secretion patterns in rats, it may influence the
occurrence of CRC. An ecological study (2000) attempted to compare national levels
of dietary factors, with particular reference to olive oil, with national differences in
CRC incidence. The ecological study used existing international databases. Incidence
rates for CRC, food supply data, and olive oil consumption data were extracted from
published sources, combined, and analysed to calculate the correlations between
CRC and 10 dietary factors. Associations were then explored using stepwise
multiple regression. Data were from 28 countries from 4 continents. The results
showed that 76% of the inter-country variation in CRC incidence rates was
explained by three significant dietary factors—meat, fish and olive oil—in
combination. Meat and fish were positively associated, and olive oil was negatively
associated, with CRC incidence. Using these results, the research group proposed a
hypothesis: that olive oil may influence secondary bile acid patterns in the colon
that, in turn, might influence polyamine metabolism in colonic enterocytes in ways
that reduce progression from normal mucosa to adenoma and carcinoma. 98
Researchers investigated the effects of olive oil phenolic Hydroxytyrosol, in
particular the regulation of epidermal growth factor receptor (EGFR) expression in
colon tumour cells. The results demonstrated that HT significantly down-regulates
EGFR expression in human colorectal adenocarcinoma cells HT-29 (hydrotyrosol),
CaCo2 and WiDr, and in HT-29 xenografts. The conclusion of the results revealed a
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mechanism for olive oil HT's anti-tumour effects that may be important for colon
tumour prevention and treatment.99
A review (2005) collected epidemiological evidence, studies in vitro, cellular
research and animal studies for the role of olive oil phenolics and monounsatured
fatty acids in the prevention of colorectal cancer in humans that consumed
regularly olive oil with their food.100
Results from a large epidemiological study in Italy provided evidence for
prevention of CRC with regular consumption of olive oil and salads. The multicentric
prospective study in Italian (cohort EPIC) recruited 47,749 volunteers (1993-1998)
from the cities of Varese and Turin (Northern Italy), Florence (Central Italy), Naples
and Ragusa (Southern Italy). Information on diet and lifestyle were collected
through validated questionnaires. The follow-up was carried out by accessing
regional cancer and mortality registries (for 11 years). There were 879 incident
cases of breast cancer, 421 cases of colorectal cancer (CRC), and 152 deaths. The
"Olive oil & Salad" dietary pattern, characterised by high consumption of raw
vegetables and olive oil, was associated with a lower risk of overall mortality in the
elderly. Adherence to a Mediterranean diet rich in vegetables and fruit was
associated with reduced risk of colon cancer. Reduced risk of colon cancer was also
found in regular consumers of yoghurt.101

Figure 8. Colorectal cancer (CRC) is the third most common cancer in developed
countries. Epiemiological studies provided evidence that olive oil consumption
decrease the risk for gastrointestinal tract cancer, especially colorectal cancer.
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A paper (2011) of well known cancer prevention experts reviewed
epidemiological studies on olive oil and cancer risk. Researchers performed a
systematic literature search in the Medline database and found 25 studies that
provided original data on olive oil consumption and cancer risk. They also
performed a meta-analysis of studies of breast cancer. Several studies in the
review were conducted in Southern Europe. The olive oil consumption in these
areas has been proved a favourable indicator of lower risk for breast, digestive
tract, and particularly upper aero-digestive tract cancers. For the latter, after
adjustment for alcohol and tobacco use, the Relative Risk (RRs) between extreme
levels of olive oil consumption were 0.3-0.4, and there was an over 5-fold
difference in risk between subjects consuming mainly olive oil and those consuming
mainly butter. The summary RR of breast cancer was 0.62 for the highest vs. lowest
level of olive oil consumption. Thus, preferring olive oil to other added lipids,
particularly those rich in saturated fats, can decrease the risk of upper digestive and
respiratory tract neoplasms, breast and, possibly, colorectal and other cancer
sites.102

Olive oil consumption and prevention of neurodegeneration
Statistical evidence, especially in developed countries, showed that there is
a dramatic increase of neurodegerative diseases for the ageing population.
Neurological disorders such as stroke, Alzheimer’s disease (AD) and Parkinson’s
disease (PD) are associated with high morbidity and mortality, with few options
available for their treatment. These disorders share common pathological
characteristics like the induction of oxidative stress, abnormal protein aggregation,
perturbed Ca2+homeostasis, excitotoxicity, inflammation and apoptosis. One of the
most important prevention factor can be the diet, and many studies showed that
the Mediterranean diet can to a certain degree prevent neurodegeneration. As the
Mediterranean diet is characterized by a high consumption of olive oil and extravirgin olive oil (EVOO) it has been hypothesized that antioxidant olive oil phenols
can reverse damaging oxidative stress and inflammation leading to acute and
chronic neurodegenerative diseases.103
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Many scientists focused in the last decade to clinical trials and population
studies indicating that olive oil antioxidant phenolics can be used for several ageing
and lifestyle-related diseases, including neurodegeneration. Recent research of
olive oil phenolics has shown that such protection stems from several effects, a) the
interference with the aggregation of peptides/proteins found in amyloid diseases,
particularly in Alzheimer's and Parkinson's diseases; b) the protection of cells and
tissues against aging-associated functional derangement (ion/redox homeostasis,
aberrant cell signaling, etc.); and c) the transcriptional modulation through
epigenetic modifications.104
The basic questions about oxidative stress and inflammation in the brain tissues
have been evaluated by systematic research in the last decades. Brain tissues, due to

their high energy requirements, are characterized by high oxygen consumption and
metabolic rate. Moreover, cells of brain tissue present very high polyunsaturated
fatty acid (PUFA) content and are known to have low antioxidant defenses. All
together high oxygen consumption, high PUFA content and low antioxidant
defenses make brain prone to oxidative stress. Oxidative stress is a disequilibrium
between physiological free radical production and ROS and antioxidant enzymatic
and non-enzymatic scavenging that leads to an excess generation ROS, oxidative
damage

and

inflammation.

It

has

been

demonstrated

that

different

neurodegenerative diseases is the result of oxidative stress. Increase in oxidative
stress causes Neuroinflammation, leading to development and progression of
neurodegenerative diseases.105
Alzheimer's disease (AD) is an irreversible, progressive brain disorder that
slowly destroys memory and thinking skills at old age. AD involves amyloid plaques
and tangles forming in the brain, causing gradually brain lesions and brain cell
death. In Western developed countries Alzheimer's disease (AD) is a significant
cause of dementia in the elderly population. Alzheimer’s is an amyloid disease
characterized by the deposition of typically aggregated proteins/peptides in tissues,
associated with degeneration and progressive functional impairment of the brain
function. Recent epidemiological studies support the efficacy of the Mediterranean
diet against the cognitive decline associated with ageing and highlighting the
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beneficial role played by natural polyphenols of extra virgin olive oil (EVOO). A
recent review (2015) collected studies from in vivo and in vitro experiments that
reveal the great potential of the phenolic components of EVOO, mainly Oleuropein
aglycone and Oleocanthal, in counteracting amyloid aggregation (in the brain) and
toxicity, with a particular emphasis on the pathways involved in the onset and
progression of Alzheimer's disease: amyloid precursor protein processing, amyloidbeta

(Aβ)

peptide

and

tau

aggregation,

autophagy

impairment,

neuroinflammation.106
Studies on the reduction of Alzheimer’s disease focused on the strong
antioxidant activity of olive phenolic Oleocanthal extracted from EVOO. The
mechanism by which Oleocanthal exerts its neuroprotective effect is still
incompletely understood. Researchers investigated in vitro and in vivo and found
evidence for the potential of Oleocanthal to enhance Aβ clearance from the brain
via up-regulation of P-glycoprotein (P-gp) and LDL lipoprotein receptor related
protein-1 (LRP1), major Aβ transport proteins, at the blood-brain barrier (BBB).
Experiments were contacted in cultured mice brain endothelial cells, Oleocanthal
treatment increased P-gp and LRP1 expression and activity. Furthermore, the
results demonstrated significant increase in (125)I-Aβ40 degradation as a result of
the up-regulation of Aβ degrading enzymes following oleocanthal treatment.
Scientists concluded that these findings provide experimental support for reduced
risk of AD associated with EVOO could be mediated by enhancement of Aβ
clearance from the brain.107
A recent review (2015) collected scientific investigations for the
neuroprotective effects of EVOO and in particular the phenolic constituent
Hydrotyrosol. This review presented data on the pharmacokinetics of olive oil and
beneficial in vitro and in vivo neuroprotective effects. The reviewers also discussed
the potential role of hydrotyrosol as a therapeutic agent in the prevention of
neurodegenerative diseases.108
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Conclusion
The Mediterranean diet has been proved beyond doubt that has
extraordinary beneficial health effects to humans. The discovery of the health
benefits of the Mediterranean Diet by the American scientist Dr. Ancel Keys, was
one of the most important scientific discoveries in human nutrition. Olive oil is a
key component of the Mediterranean Diet (MedDiet), being the main source of
vegetable fat, especially monounsaturated fatty acids and antioxidant polyphenols.
In the past few decades scientists have demonstrated by numerous epidemiological
studies and randomized control trials that olive oil consumption establish highly
preventative effects against arteriosclerosis, cardiovascular disease (CDVs), certain
cancers (breast and colorectal) and age related neurodegenerative diseases which
lead to cognitive decline. All relevant studies showed that the Mediterranean diet,
in which olive oil is the primary source of fat, is associated with a low mortality for
CVDs. Besides the benefits on the lipid profile provided by olive oil consumption
compared with that of animal saturated fat, a broad spectrum of benefits on CVD
risk factors is now emerging associated with olive oil consumption. Recent reviews
and meta-analyses on the advances in human nutrigenomics associated olive oil
consumption with lower breast and colorectal cancer. Also, many studies in the last
decade established a link for olive oil consumption and substantial reduction of
early neurodegenerative diseases. Most of the scientific investigations for the
prevention of CVDs, certain types of cancer and neuroprotective effects by olive oil
and EVOO is linked in particular with the antioxidant phenolic constituent of olive
oil, especially Oleuropein, Hydrotyrosol and Oleocanthal. Despite the promising
results for the potential pharmacological role of these polyphenols of olive oil,
there is at present limited practical application (medical professional insist caution)
of these compounds and their derivatives as dietary supplements or as
pharmaceuticals. But the daily consumption of olive oil and EVOO, in addition to
fruit and vegetables and other MedDiet components, is the most important
recommendation advanced by health and medical scientists for the prevention of
CVDs, cancer and neurodegenerative diseases of old age.
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