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4.1 INTRODUCTION

Olive oil has been recognized for centuries for its nutritional properties and con-

sidered as the “elixir of youth and health” by antique Greeks. Olive oil is the

main fat source used within the Mediterranean countries. In fact, olive oil is a

key element in the traditional Mediterranean Diet, being the main source of fat

within the pattern. Thus, the high content in fat of the Mediterranean Diet (up to

40% of total energy) due to this element is one of the most important distin-

guishing marks of this ancestral dietary pattern. In this context, it has been

accepted that olive oil (particularly virgin olive oil) plays a crucial role in the

cardioprotective effect of the Mediterranean Diet, attributed to its beneficial

effects on many cardiovascular risk factors including lipid profiles, inflamma-

tion, endothelial function, blood pressure, insulin resistance, or weight control.

4.2 COMPOSITION OF OLIVE OIL

The major components of olive oil are fatty acids that represent more than

98% of its composition. They are mainly monounsaturated fatty acids

(MUFAs) such as oleic acid (55%�85% of the total fatty acids), although

olive oil also contains polyunsaturated fatty acids (PUFAs) such as linoleic

acid and saturated fatty acids (SFAs) like stearic or palmitic acids. Among

the minor components that constitute from 1% to 2% of total content of an

olive oil there are two types: (1) the unsaponifiable fraction that includes ali-

phatic and triterpene alcohols, sterols, hydrocarbons such as squalene, vola-

tile compounds, tocopherols, and carotenes and (2) the soluble fraction that

includes the phenolic compounds. A key olive oil polyphenol is oleuropein,

which accounts for approximately 80% of olive oil phenolic content. Other

important phenolic compounds are phenolic alcohols (hydroxityrosol and tyr-

oxol generated from oleuropein), flavonoids, lignans, and secoiridoids

(Table 4.1). The minor components of olive oil are of special importance in
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cardiovascular health because their antiinflammatory and antioxidant effects

and because their properties that favorably modulate hemostatic factors and

improve the stability of arteriosclerotic plaque.

4.3 NATURAL JUICE OF THE OLIVE, WHY EXTRA-VIRGIN?

The olive tree Olea europea L. is one of the oldest agricultural tree crops and

source of olive oil and olives. Agronomic and technological aspects of the

olive oil production such as the processing system, ripeness of the olives at

harvesting, climate, or cultivar characteristics like use of irrigation have a

direct impact in the concentration of minor components of olive oil. Only oils

obtained by mechanical extraction and that have not undergone any treatment

other than washing, decantation, centrifugation, or filtration are called virgin

olive oils. Extra-virgin oil would have even further quality assessment. Oils

differ in bioactive composition depending on refining process. Specifically,

phenolic compounds and to lesser degree squalene are lost during refining

process and only are present in virgin and extra-virgin olive oil.

So, not all olive oils that are in the market are equal. Depending on the

manufacturing process, we can found different types of oil:

� Virgin olive oil: obtained directly from the ripe fruit by mechanical pro-

cedures. It is the only consumed raw without the use of any solvents, so

it keeps all its properties intact. Olive oil has excellent antioxidants such

as polyphenols and vitamin E, which are lost if the oil is subjected to

refining processes. “Extra-Virgin” olive oils are those that have no taste

TABLE 4.1 Composition of Olive Oil

Saponifiable

Fraction

Insaponifiable

Fraction

Phenolic Compounds

Oleic acid
(55%�85%)

Hydrocarbons
(squalene)

Simple phenols (hydroxityrosol
and tyroxol)

Volatile compounds

Linoleic acid
(3%�21%)

Tocopherols Flavonoids

Linolenic acid
(max. 1%)

Sterols Lignans

Palmitic acid
(7.5%�20%)

Carotenes Secoiridoids (oleuropein)

Stearic acid
(0.5%�5%)

Aliphatic and triterpene
alcohols

Pigments (chlorophyll)
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defects and have a very low acidity rate (,0.8%). They are the most

expensive ones. Those labeled as “Virgin” olive oils have modest taste

defects and a slightly higher acidity level (,2%).

� Pure olive oil: which is a blend of refined olive oil and virgin olive oil.

In the market, there are varieties of intense flavor and mild taste depend-

ing on whether more or less virgin oil olive is added, respectively.

� Olive pomace oil: which is obtained from the pulp and seeds of olives

after extraction of virgin olive oil using chemical solvents. It must pass a

refining process and virgin olive oil is added after to make it suitable for

consumption.

4.4 EFFECTS ON HEALTH

Olive oil consumption has been associated with a lower risk of cardiovascular

disease (that includes coronary heart disease, stroke, and peripheral artery dis-

ease) and with longevity and also with a lower risk of other diseases such as dia-

betes, hypertension, obesity, cancer, neurodegenerative diseases, and depression.

In fact, in 2004, the Federal Drug Administration of the United States

permitted a claim on olive oil labels concerning: “the benefits on the risk of

coronary heart disease of eating about two tablespoons (23 g) of olive oil

daily, due to the MUFA in olive oil.”

Mechanisms from which olive oil could exert its function are the

improvement of lipid profile, insulin sensitivity, coagulation, blood pressure

and endothelial function, and the reduction in oxidation susceptibility of

LDL cholesterol and in the low-grade inflammation (Table 4.2).

4.4.1 Effects on Triglycerides, LDL Cholesterol,
and HDL Cholesterol

LDL and HDL cholesterol are lipoproteins implicated in the etiopathogenesis

of the cardiovascular disease. Whereas LDL particles carry about two-thirds

of plasma cholesterol and can infiltrate the arterial wall leading to atheroscle-

rosis, HDL particles are antiatherogenic as their role is to deliver cholesterol

to the liver to be metabolized and eliminated. Moreover, HDL is able to dis-

lodge cholesterol from the arterial walls.

Traditionally, the nutritional recommendation has been to reduce total fat

intake and to substitute its energy fraction by calories coming from carbohy-

drates. Nevertheless, this recommendation has been questioned because car-

bohydrates when replaced to fats not only are able to reduce LDL levels in a

beneficial way but also HDL levels in a detrimental one and to increase tri-

glycerides levels [1]. So, the key message should be centered in replacing

some types of fats by others.

Although the results form a meta-analysis based on 14 studies found that

the replacement of SFA (such as butter) by oils enriched in MUFA (such as
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olive oil) or PUFA (such as other vegetal oils) has similar effects on total,

LDL and HDL cholesterol levels, there was an important difference, the lipo-

protein oxidation [2]. In this sense, it’s worth noting that oxidized LDLs are

important risk markers of cardiovascular disease. In fact, they have been

shown to be independently associated with 10-year coronary artery disease

events in general population [3]. In addition, HDL oxidation reduces HDL

functionality.

Diets rich in oleic acid are able to reduce the susceptibility of LDL to

oxidation in a higher degree than diets enriched in other oils. Olive oil con-

sumption has been also associated with lower HDL oxidation. Moreover, it

has to be highlighted that LDL particle size is relevant since small-size and

denser particles are more prone to oxidation and can better enter into the

arterial wall as compared to larger LDL particles. In fact, smaller, denser

LDL particles have been associated with an increased risk for coronary heart

disease in prospective studies. HDL cholesterol particles are also heteroge-

neous and evidence suggests that larger diameter HDL particles may be

more cardioprotective. The fat content of the diet influences the LDL and

HDL particle size. In fact, low-fat diets led to a decrease in the size whereas

high-MUFA diets (such as those including olive oil like the Mediterranean

Diet) lead to larger LDL particles.

TABLE 4.2 Mechanisms From Which Extra-Virgin Olive Oil Could Exert Its

Cardioprotective Function

Blood lipids

HDL cholesterol m

LDL cholesterol k

Total cholesterol k

Triglycerides k

LDL particle size m

Insulin resistance k

Blood pressure k

Endothelial function k cell adhesion molecules (VCAM-1, ICAM-1)

Low-grade inflammation k inflammatory markers (IL-6, C-reactive protein, MCP-1)

Oxidative stress

LDL oxidation k

HDL oxidation k

Hemostasis k coagulation factors and platelet aggregation
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However, although MUFA and particularly oleic acid may exert benefi-

cial effects in lipid profile and its oxidation, evidences have accumulated

on the beneficial properties of minor though highly bioactive components

of olive oil (virgin and extra-virgin). Most of the intervention trials with

olive oil have investigated the effect of phenolic compounds in the preven-

tion of oxidation of LDL and HDL particles. LDL oxidative process is an

initiating factor for atherosclerotic plaques. Thus, the antioxidant effect of

phenolic compounds can prevent lipid peroxidation and consequently, oxi-

dative modification of LDL and, finally, the initiation of atherosclerotic

processes. One of the most important findings comes from the EUROLIVE

(the effect of olive oil consumption on oxidative damage in European popu-

lations) study that provided clear evidence that virgin olive oil is more than

just MUFA. The EUROLIVE dietary intervention study is a multicenter

clinical trial performed in 200 individuals from five European countries.

Participants were assigned to receive 25 ml/d of three similar olive oils

only differing in their phenolic content (from 2.7 to 366 mg/kg of olive

oil). This study showed that in vivo consumption of olive oil with three dif-

ferent phenolic concentrations increased HDL cholesterol and decreased

total and LDL-cholesterol and triglycerides in a dose-dependent manner.

Moreover, oxidative stress markers decreased linearly with increasing phe-

nolic content [4,5].

Also the PREDIMED trial found similar results. The PREDIMED trial

(PREvención con DIeta MEDiterránea in Spanish) is a nutritional interven-

tion study composed of 7447 participants at high risk for cardiovascular dis-

ease. The participants of the PREDIMED trial were assigned to three

different intervention arms, two of the groups received educational counsel-

ing regarding Mediterranean Diet and a supplementation with extra-virgin

olive oil or with nuts whereas the third group was endorsed to follow a low-

fat diet recommended by the American Heart Association. In this trial, parti-

cipants assigned to Mediterranean Diet supplemented with extra-virgin olive

oil (with high content in polyphenols) showed a significant decrease in LDL

oxidation compared to the control group, confirming previously obtained

results [6,7].

4.4.2 Antioxidant and Antiinflammatory Effect

Cellular oxidative stress is mediated through mitochondrial membrane oxida-

tive injury. Mitochondrial membranes are very sensitive to free radicals

attack because the presence of double bond carbon-carbon in their structure.

Thus, a low level of fatty acid unsaturation (as that of the oleic acid) might

lead to a decrease cellular oxidative stress [8]. However, most of the benefits

attributed to olive oil and related to its antiinflammatory and antioxidant

capacity are exerted by its minor components. For example, although the

quantities of α-tocopherol (vitamin E) and carotenoids present in a daily
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consumption of virgin olive oil are low, its chronic ingestion contributes to

the overall pool of antioxidants in the human body. Also tyrosol, hydroxytyr-

osol, and lignans have shown antioxidant properties in experimental studies.

Triterpenes have shown antiinflammatory and antioxidant properties in

in vitro studies.

Chronic inflammation is a critical factor in the pathogenesis of many

inflammatory disease states including cardiovascular disease, cancer, diabe-

tes, degenerative joint diseases, and neurodegenerative diseases. An impor-

tant number of polyphenolic compounds from virgin olive oil have

antiinflammatory properties. One of these compounds is the oleocanthal.

The antiinflammatory properties of this compound have been compared to

those exerted by ibuprofen. Several studies have found that the consumption

of virgin olive oil with high phenolic content is able to reduce inflammatory

markers such as interleukin-6 (IL-6) or C-reactive protein. In fact, an analy-

sis within the PREDIMED trial found a significant reduction in C-reactive

protein among participants assigned to follow a Mediterranean dietary pat-

tern supplemented with extra-virgin olive oil [9]. In this trial, also urinary

excretion of polyphenols was measured. Participants with the highest

increase in urinary polyphenol excretion during follow-up period showed sig-

nificant lower plasma inflammatory biomarkers IL-6, tumor necrosis factor-

α (TNF-α), and monocyte chemotactic protein-1 (MCP-1) than those with

the lowest level of excretion [10].

A recent meta-analysis has synthesized data from randomized controlled

trials investigating the effect of olive oil on markers of inflammation. The

authors conclude that olive oil interventions (with daily consumption ranging

approximately between 1 and 50 mg) resulted in a significantly more pro-

nounced decrease in C-reactive protein and IL-6 as compared to controls.

However, the authors also state that due to the heterogeneous study designs

(e.g., olive oil given as a supplement or as part of a dietary pattern,

variations in control diets), a conservative interpretation of the results is

necessary [11].

4.4.3 Effect on Endothelial Function

Low-grade chronic synthesis and release of proinflammatory cytokines such

as IL-1 (interleukin-1) or TNF-α within the vascular wall affect endothelial

function via, for example, upregulation of adhesion molecules. The endothe-

lium is a vascular tissue that lines the interior surface of blood vessels.

Endothelial dysfunction is the first pathological symptom of anatomical

lesions in atherosclerosis process. This dysfunction implies a breakdown in

the defense mechanism of the endothelial wall, which in turn induces a pro-

thrombotic state, activates the inflammatory process, and alters the vasomo-

tor regulation of the vascular wall. This is why the endothelium and the
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factors, which can damage it, are now considered so important. Endothelial

dysfunction and an excess of endothelial cell adhesion molecules are predic-

tors of both pathogenic mechanisms of atherosclerosis and cardiovascular

disease.

In experimental studies, the minor components of olive oil have been

described as beneficial factors to improve endothelial function by decreasing

the expression of cell adhesion molecules. However, the effect of phenolic

compounds on cell adhesion molecules is controversial. Some studies have

found a decrease in cell adhesion molecules after intake of phenol-rich virgin

olive oil compared with refined olive oil [12], whereas other studies have

failed to report a significant association between the consumption of virgin

olive oil with high content of phenolic compounds and VCAM-1 (vascular

cell adhesion molecule-1) and ICAM-1 (intercellular adhesion molecule-1)

plasma concentrations [13].

In a subsample within the PREDIMED trial, Mena et al. found a decrease

in VCAM-1 among the individuals assigned to the Mediterranean Diet sup-

plemented with extra-virgin olive oil [14]. Also participants with the higher

increase in polyphenols excretion during follow-up showed significant lower

plasma VCAM-1 and ICAM-1 in a subanalysis within the trial [10].

4.4.4 Antithrombotic Effect

Hemostasis is a fundamental process in the maintenance of circulation and is

the result of a complex equilibrium between coagulation and fibrinolysis.

Thrombogenesis is a complex process, which involves the platelets activation

(primary hemostasis), the mechanisms of coagulation (secondary hemostasis)

and fibrinolysis, a system that has been implicated in the reabsorption of

thrombus.

An accrual of studies have analyzed the role of olive oil consumption in

reduction of thrombogenesis through a decrease in coagulation factors and

platelet aggregation [15]. MUFA have positive effects on a number of factors

responsible for hemostasis such as platelet aggregation and factor VII (pro-

tein that initiates the process of coagulation). Moreover, MUFA are able to

decrease the plasmatic levels of Von Willebrand factor, a fundamental com-

ponent of platelet adhesion and aggregation processes. Other proteins impli-

cated in hemostasis are the plasminogen activator inhibitor-1 (PAI-1) and the

tissue factor pathway inhibitor (TFPI). Several intervention studies have

observed a reduction in plasmatic levels of these proteins after MUFA or

oleic acid intake. Apart from MUFA, other minor components of olive oil

also influence markers on hemostasis. Polyphenols are able to inhibit

platelet-inducted aggregation and to show antithrombotic properties in both

experimental and human intervention studies.
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4.5 EPIDEMIOLOGICAL EVIDENCES REGARDING THE ROLE
OF OLIVE OIL IN CARDIOVASCULAR DISEASE

In the 1950s of the 20th century the pioneer Seven Countries Study con-

ducted by Ancel Keys, followed by the MONICA study (the MONICA

Project (MONItoring CArdiovascular disease) was conceived in 1979, in

which teams from 38 populations in 21 countries studied heart disease,

stroke, and risk factors from the mid-1980s to the mid-1990s), and other eco-

logical studies observed lower mortality rates in Mediterranean countries

than in other European countries or in the United States, in spite of their

high fat intake [16,17]. Moreover, incidence and mortality of coronary heart

disease was lower among these countries. The type of fats used to cook dif-

fered substantially from one to other country with the use of margarine and

butter in the northern Europe and the USA and the use of olive oil for cook-

ing and dressing salads in the Mediterranean regions. However, although

olive oil is believed to play a key role on these health benefits attributed to

the Mediterranean dietary pattern and considerable evidence on the biologi-

cal mechanisms involved has been published there is relatively little direct

epidemiological evidence on the individual effects of olive oil on cardiovas-

cular disease or on risk factors of cardiovascular disease (Table 4.3).

With regard to case-control and cohort studies, only a few of them have

analyzed the association between olive oil consumption and the risk of coro-

nary heart disease and/or stroke with inconsistences in outcomes between

studies.

A Spanish case-control study composed by 171 cases and the same num-

ber of controls found that those participants who referred a high intake of

olive oil showed an important reduction (around 80%) in the risk of a first

myocardial infarction [18].

Likewise, other similar study, but in Greece and based on 848 cases and

1078 controls, concluded that the exclusive consumption of olive oil was

able to reduce the risk of any acute coronary syndrome in a 47% indepen-

dently of weight, smoking, physical activity level, educational status, the

presence of family history of coronary heart disease, as well as hypertension,

hypercholesterolemia, and diabetes. On the other hand, consumption of olive

oil in combination with other oils or fats was not significantly associated

with lower risk of acute coronary syndrome compared to no olive oil con-

sumption [19].

However, Bertuzzi et al. analyzed the relation between olive oil con-

sumption and the risk of nonfatal myocardial infarction in an Italian case-

control study. The authors did not find a strong relation between olive oil

and risk of this coronary event [20]. Neither found Gramenzi et al.

a significant association in a sample of 287 women who had had an acute

myocardial infarction (median age 49, range 22�69 years) and 649 controls

with acute disorders unrelated to ischemic heart disease [21].
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TABLE 4.3 Epidemiological Evidences Regarding the Association Between Olive Oil Consumption and Cardiovascular Disease

Reference Study Design Exposure Outcome Main Results

Keys et al. Am J
Epidemiol 1986; 124:
903�15

Seven
Countries

Ecological Total diet Death rates Lower rates of all-cause and
coronary heart disease in cohorts
with olive oil as main fat

Fernández Jarne et al.
Int J Epidemiol 2002;
31: 474�80

Case-control Olive oil Myocardial
infarction

Reduction 80%

Kontogianni et al.
Clin Cardiol 2007;
30: 125�9

CARDIO2000 Case-control Olive oil Acute coronary
syndrome

Reduction 47%

Bertuzzi et al. Int J
Epidemiol 2002; 31:
1274�7

Case-control Olive oil Nonfatal myocardial
infarction

No relation

Gramenzi et al. BMJ
1990; 300: 771�3

Case-control Olive oil Myocardial
infarction

No relation

Buckland et al. Am J
Clin Nutr 2012; 96:
142�9

EPIC-Spain Prospective
cohort

Olive oil Cardiovascular
mortality

Reduction 44%

Buckland et al. Br J
Nutr 2012; 108:
2075�82

EPIC-Spain Prospective
cohort

Olive oil Coronary heart
disease

Reduction 22%

Dilis et al. Br J Nutr
2012; 108: 699�709

EPIC-Greece Prospective
cohort

Olive oil Stroke Reduction 20%

(Continued )



TABLE 4.3 (Continued)

Reference Study Design Exposure Outcome Main Results

Misirli et al. Am J
Epidemiol 2012; 176:
1185�92

EPIC-Greece Prospective
cohort

Olive oil Stroke mortality Reduction 11%

Samieri et al.
Neurology 2011;
77:418�25

Three-City
Study

Prospective
cohort

Olive oil Stroke Reduction 41%

Bendinelli et al. Am J
Clin Nutr 2011; 93:
275�83

EPICOR
(EPIC-Italy)

Prospective
cohort

Olive oil Coronary events Reduction 60%

Guasch-Ferré et al.
BMC Med 2014; 12:
78

PREDIMED RCT (analyzed
as an
observational
cohort)

Olive oil and
extra-virgin olive
oil

Cardiovascular
disease

Olive oil 35% reduction, extra-
virgin olive oil 39% reduction

Barzi et al. Eur J Clin
Nutr 2003; 57:
604�11

GISSI-
Prevention
trial

Secondary
prevention trial

Olive oil Overall mortality Reduction 24%

Estruch et al. N Engl J
Med 2013; 368:
1279�90

PREDIMED RCT Extra-virgin olive
oil

Cardiovascular
disease

Reduction 30%

Ruiz-Canela et al.
JAMA 2014;
311:415�17

PREDIMED RCT Extra-virgin olive
oil

Peripheral artery
disease

Reduction 66%

Martı́nez-González
et al. Circulation
2014; 130:18�26

PREDIMED RCT Extra-virgin olive
oil

Atrial fibrillation Reduction 40%



Martı́nez-González
et al. Br J Nutr 2014;
112: 248�59

Meta-analysis Olive oil Coronary heart
disease and stroke

Reduction 18%

Schwingshackl et al.
Lipids Health Dis
2014; 13: 15

Systematic
review

MUFA, olive oil,
oleic acid and
MUFA/SFA

Cardiovascular
mortality and
Cardiovascular
events

30% reduction with olive oil

MUFA: Monounsaturated fatty acids; SFA: Saturated fatty acids.



Within the observational prospective studies it is worth to point out the

EPIC study (European Prospective Investigation into Cancer and Nutrition).

The EPIC study is a prospective cohort study developed in ten European

countries and designed to assess the association between diet and cancer

risk. However, other events have been collected and analyzed including cor-

onary heart disease, stroke, or overall cardiovascular incidence and mortality.

Both EPIC-Spain and EPIC-Greece have analyzed the effect of olive oil con-

sumption on cardiovascular risk and specifically on coronary risk. In 2012,

Buckland et al. found an inverse relationship between olive oil consumption

and the risk of cardiovascular mortality within the EPIC-Spain cohort [22].

After following up to 40,622 participants (62% female) aged 29�69 years

from five Spanish regions in 1992�1996, they collected 416 cardiovascular

deaths. Participants with a high consumption of olive oil (30 or more grams

per day) as compared to those with a low intake (,14 g/d) had a significant

risk reduction (44%) in cardiovascular mortality. Moreover, the researchers

found a dose�response relationship with higher effects when the consump-

tion of the food item was increased.

Also in 2012, these authors published new results ascertaining, specifi-

cally, the risk of coronary heart disease in the same sample. In this case, the

authors also found a 22% risk reduction for coronary heart disease associated

to elevated consumption of olive oil, although, in this case, the association

was not statistically significant. It is worth to highlight that a difference in

the risk of coronary heart disease associated to the type of consumed olive

oil was found. Those participants who consumed virgin olive oil showed a

higher reduction in the risk of coronary events than those consuming refined

olive oil although again, the difference did not reach the statistical signifi-

cance [23].

The results from the EPIC-Spain contrast with those reported in the

EPIC-Greek cohort, which found that olive oil was not associated with a

reduction of the coronary heart disease risk or mortality [24]. However, in

this sample, when stroke was analyzed, the researchers found a beneficial

effect for olive oil with a significant reduction of 20% in the risk.

Nevertheless, the reduction in stroke mortality was lower and no statistically

significant (11% of reduction) [25].

In the Three-city Study in France, the researchers also analyzed the asso-

ciation between the consumption of olive oil and the risk of stroke. After

adjustment for sociodemographic and dietary variables, physical activity,

body mass index, and risk factors for stroke, a lower incidence for stroke

with higher olive oil use was observed. Compared to those who never used

olive oil, those with intensive use (participants who used olive oil for cook-

ing and dressing) had a 41% lower risk of stroke [26].

Other remarkable study is the EPICOR study in Italy. The EPICOR

study is a collaborative prospective investigation that aims to estimate the

risk of cardiovascular diseases associated with dietary and lifestyle habits in
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the Italian cohort of the EPIC Study. In an analysis published in 2011 and

based entirely on women, the researchers observed that those women with

the highest consumption of olive oil (more than 31 g per day) as compared

to those with the lowest consumption (less than 16 g) showed a reduction in

the risk of coronary events in the overall sample (approximately 30,000

women) and in an specific analysis with postmenopausal women (45% of the

sample). In both cases, the reduction in the risk was around 60% associated

to an elevated consumption of olive oil. Moreover, a dose�response relation-

ship was described with the highest benefits referred for the highest con-

sumption [27].

One of the most recent findings come from the PREDIMED trial.

Although the PREDIMED trial is a controlled study, some analyses are con-

ducted treating the sample as an observational prospective cohort study. In

this sense, in 2014, the PREDIMED team found that participants in the high-

est level of total olive oil and extra-virgin olive oil consumption had 35%

and 39% cardiovascular disease risk reduction, respectively, compared to the

reference with the lowest consumption. Higher baseline total olive oil

consumption was also associated with 48% (reduced risk of cardiovascular

mortality). For each 10 g/d increase in extra-virgin olive oil consumption,

cardiovascular disease and mortality risk decreased by 10% and 7%, respec-

tively. To the contrary, consumption of common olive oil was not signifi-

cantly associated with cardiovascular morbidity and mortality [28].

Some studies have analyzed the role of olive oil in overall mortality in

participants who had suffered a prior myocardial infarction. Barzi et al., for

example, in the GISSI-Prevenzione trial found that olive oil consumption

among these patients was able to reduce their mortality by 24% [29].

With regard to intervention (experimental) studies in humans is worth to

mention the Lyon Diet Heart Study and the PREDIMED trial. The Lyon

Diet Heart Study was a randomized, controlled trial designed to test the

effectiveness of a Mediterranean-type diet on composite measures of the

coronary recurrence rate after a first myocardial infarction. Subjects in the

experimental group were instructed to adopt a Mediterranean-type diet.

However, the intervention was not centered in the use of olive oil. The

researchers supplied the participants with a margarine (to replace butter and

cream) with a content of SFA (15% kcal) and oleic acid (48% kcal but

5.4% kcal 18:1 trans) comparable to that found in olive oil, with the excep-

tion that the margarine was higher in linoleic acid (16.4% versus 8.6%

kcal) and more so in α-linolenic acid (4.8% vs. 0.6% kcal). Exclusive use

of rapeseed oil and olive oil was recommended for salads and food prepara-

tion. Use of olive oil exclusively was not recommended because it was not

acceptable as the only oil source in the diet. The study found that partici-

pants in the intervention group (following a Mediterranean Diet supplemen-

ted with this margarine) showed a 50%�70% lower risk of recurrent heart

disease [30].
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To our knowledge, only one controlled trial has evaluated the role of

olive oil consumption in cardiovascular risk. The PREDIMED trial found an

important reduction in the risk of cardiovascular disease among those partici-

pants assigned to receive educational counseling regarding Mediterranean

Diet and a supplementation with extra-virgin olive oil. The hazard ratio (HR)

was 0.70 (95% confidence interval [CI]: 0.54�0.92). So, a significant reduc-

tion of 30% in cardiovascular risk (a composite of myocardial infarction,

stroke, and death from cardiovascular causes) was observed for this interven-

tion as compared to those participants assigned to a control low-fat diet [31].

A protective effect for extra-virgin olive oil was also observed for peripheral

artery disease [32] and for atrial fibrillation (arrhythmia) [33] in the

PREDIMED trial. The risk reduction for peripheral arterial disease was even

stronger, 66% in the group assigned to the Mediterranean Diet supplemented

with extra-virgin olive oil as compared to the group assigned to the control

diet. In addition, whereas for the analyses of cardiovascular risk and periph-

eral artery disease not only olive oil but also nut consumption were associ-

ated to risk reduction, the relative risk reduction against atrial fibrillation

within the PREDIMED trial was observed only for the intervention with

extra-virgin olive oil (not with the intervention with nuts) with a significant

reduction near 40%. One of the explanations argues by the researchers was

the antiinflammatory and antioxidant effects of extra-virgin olive oil attrib-

uted to its richness in phenolic compounds.

All these results have been included in several systematic reviews and

meta-analyses such as that published by Martinez-Gonzalez et al. in the

British Journal of Nutrition in 2014. The authors found a significant reduction

(around 18%) in both coronary heart disease and stroke (jointly analyzed)

associated to a 25 g increase in olive oil consumption, more important for

stroke than for coronary heart disease [34]. When only cohort studies were

analyzed, a significant reduction near 25% was found for stroke and only 4%

and no significant risk reduction associated to 25 g increase in olive oil for

coronary heart disease. Although the inverse association between olive oil and

risk of stroke was consistent, it’s important to highlight the scarcity of the

studies on this outcome. On the other hand, this review points out toward a

lack of effect of olive oil on coronary heart disease risk. The authors argue

several reasons to explain this apparent paradox: (1) several bias regarding

exposure assessment and analyses should be taken into account; (2) maybe

any single dietary factor is unlikely to have a large effect on the risk of the dis-

ease; and (3) the appropriate exposure to be assessed should probably be vir-

gin olive oil instead of all kinds of olive oils mixed together. In this sense, as

we have mentioned repeatedly the effect of minor polyphenolic components

of olive oil which are only present in the virgin variety of this oil but not in

refined variety would be able to make a large difference in the potential pro-

tection that olive oil could exert on coronary heart disease risk.
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In this sense, Schwingshackl et al. analyzed in other systematic review

(including only cohort studies) the role of MUFA, olive oil, oleic acid,

and the ratio MUFA/SFA in cardiovascular mortality and cardiovascular

events (coronary heart disease plus stroke) comparing the maximum ver-

sus the minimum intake of each element. MUFA intake was associated

neither with cardiovascular events nor with cardiovascular mortally

whereas olive oil consumption was associated with a significant reduction

in the risk of cardiovascular events with a reduction of almost 30% [35].

The lack of effect of MUFA in cardiovascular risk has been consistently

referred in other systematic reviews such as that carried out by

Chowdhury et al. [36]. In fact, the results of a large study analyzing data

from several important cohort studies, the “Pooling Project of Cohort

Studies on Diet and Coronary Disease” found a potential harmful associa-

tion between MUFA intake and the risk of coronary heart disease, which

would run against the potential beneficial effect of olive oil. Jakobsen

et al. observed that the replacement of SFA by MUFA marginally

increased the risk of coronary events, whereas no significant effects on

coronary death were observed [37]. Thus, at least, these results do not

support that olive oil may exert cardiovascular effect mainly because its

content in MUFA. A potential explanation could be again the sources of

MUFA. Most of the studies included in the Pooling Project were based

on US populations where the most important source of MUFA are animal

fats and not olive oil. In the Nurses’ Health Study, an American prospec-

tive cohort study, MUFA intake was highly correlated with SFA intake.

In the EPIC cohorts, in general, MUFA intake was higher in the central

and northern cohorts. However, predominant sources of MUFA differed

between cohorts. Whereas in Greece, Spain, and Italy fat of plant origin

(mainly olive oil) provided up to 64% of MUFA intake, in other EPIC

centers the main sources were meat, meat products, added fats, and dairy

products.

A second probable explanation is that the cardioprotective effect of olive

oil is mainly due to its content in minor components such as polyphenols,

squalene, or carotenes. In this sense, analyses within the PREDIMED trial

reported an inverse association between habitual polyphenol intake and inci-

dence of cardiovascular events [38]. The authors observed a significant

reduction of cardiovascular events and cardiovascular mortality associated to

a higher intake of total polyphenols, lignans, flavanols, and hydroxybenzoic

acids. However, although the potential role of several polyphenols in reduc-

ing cardiovascular risk can be explained due to the high consumption of

olive oil, as it is the case of lignans, other important sources of polyphenols

have to be taken into account such as fruits, vegetables, legumes, or red

wine also consumed within this Mediterranean sample.
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4.6 EPIDEMIOLOGICAL EVIDENCES REGARDING
THE ASSOCIATION BETWEEN OLIVE OIL CONSUMPTION
AND CARDIOVASCULAR RISK FACTORS

Several epidemiological studies have studied the association between olive

oil consumption and several cardiovascular risk factors (Table 4.4). Most of

them were carried out among Mediterranean populations. In this sense, it is

worth to mention a Spanish sample composed of 4572 adults, the Di@bet.es.

In this cross-sectional study, the consumption of olive oil (vs. sunflower oil)

was associated to a lower prevalence of obesity, impaired glucose regulation,

hypertriglyceridemia, and with low probability of having low HDL choles-

terol levels [39].

Some cohort studies such as the SUN cohort study (Seguimiento

Universidad de Navarra in Spanish) or the EPIC have also reported interest-

ing results regarding the possible role of olive oil in several risk factors for

cardiovascular disease. However, maybe the most representative study that

has analyzed the role of olive oil consumption in cardiovascular risk factors

is the PREDIMED trial, as we have already mentioned. In this trial, those

assigned to receive educational counseling to follow a Mediterranean Diet

and a supplementation with extra-virgin olive oil showed a reduction in most

of the cardiovascular risk factors with benefits on blood pressure, glycemic

control in diabetics, endothelial function, oxidative stress and lipid profiles

(decreasing tryglycerides, increasing HDL- and lowering total and LDL cho-

lesterol) and reduces susceptibility of LDL to oxidation and concentrations

of inflammatory markers such as C-reactive protein and IL-6. In addition,

the olive oil-rich diet was effective in the prevention of diabetes, the meta-

bolic syndrome, and weight gain. The main results obtained from the cited

studies will be explained in the following paragraphs.

4.6.1 Diabetes

Diets high in SFA consistently impair both insulin sensitivity and blood

lipids, while substituting MUFA for SFA revers these abnormalities. In fact,

some studies have suggested that replacing SFAs with PUFAs or MUFAs

has beneficial effect in the prevention of type 2 diabetes mellitus. MUFA

intake has been shown to decrease insulin resistance. Moreover, high-MUFA

diets have been found as good strategies to improve glycemic control and

lipoprotein profile in diabetic patients. Beyond, oleic acid, also bioactive

compounds such as squalene, tocopherols and polyphenols could exert by

different mechanisms favorable effects on insulin sensitivity and diabetes.

In the United States, to our knowledge, only one analysis merging two

prospective cohort studies has analyzed the association of olive oil consump-

tion and the risk of diabetes. The Nurses’ Health Study I and Nurses’ Health

study II, found, after 22 years of follow-up, that those women who consumed
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TABLE 4.4 Epidemiological Evidences Regarding the Association Between Olive Oil Consumption and Cardiovascular Risk

Factors

Author, Year Study Design Exposure Risk Factor Main Results

Guasch-Ferré
et al. (2015)

NHS I, NHS II Cohort Total, salad dressing
and added to food
or bread OO

Diabetes .1 tablespoon (.8 g) of total OO/d, reduction
(10%), added to food OO, reduction (15%)

No significant reduction for salad dressing

Marı́-Sanchis
et al. (2011)

SUN Cohort OO Diabetes No effect

InterAct
Consortium
et al. (2011)

EPIC-Interact
study

Cohort MedDiet (includes
OO)

Diabetes Reduction (12%) for maximum scoring; no
reduction after excluding OO from the score

Salas-Salvadó
et al. (2014)

PREDIMED RCT MedDiet1 EVOO Diabetes Reduction (near 40%)

Tresserra-
Rimbau et al.
(2016)

PREDIMED RCT Polyphenols (not
specific from OO)

Diabetes Reduction (28%)

Witteman
et al. (1989)

NHS Cohort MUFA HTA/BP No effect on risk of HT

Stamler et al.
(2002)

Chicago
Western
Electric
Company
study

Cohort MUFA HTA/BP No effect on risk of HT

(Continued )



TABLE 4.4 (Continued)

Author, Year Study Design Exposure Risk Factor Main Results

Psaltopoulou
et al. (2004)

EPIC-Greece Cohort
(cross-
sectional)

MUFA/SFA ratio

OO

BP Reduction in BP

Alonso et al.
(2004)

SUN Cohort OO HTA Significant reduction

Toledo et al.
(2013)

PREDIMED RCT MedDiet1 EVOO BP Significant reduction in diastolic BP

Ferrara et al.
(2000)

RCT EVOO vs.
sunflower oil

HTA Reduced need for antihypertensive medication

Moreno-
Luna et al.
(2012)

RCT Polyphenol rich
OO as compared to
a refined oil

BP Significant reduction in BP for polyphenol
rich OO

Medina-
Remón et al.
(2015)

PREDIMED RCT MedDiet1 EVOO
Polyphenols
excreted in urine

BP Significant reduction in BP

Bes-
Rastrollo
et al. (2006)

SUN Cohort OO Weight change

Obesity

No effect

Rázquin
et al. (2009)

PREDIMED RCT Plasmatic
antioxidant profile
(seen for
MedDiet1 EVOO)

Weight gain Reduction



Alvarez et al.
(2016)

PREDIMED RCT MedDiet1 EVOO Anthropometric
and body
composition
parameters

No effect

Babio et al.
(2014)

PREDIMED RCT MedDiet1 EVOO Metabolic
syndrome

Significant reversion, no effect in incidence

Mayneris-
Perxachs
et al. (2014)

PREDIMED RCT Plasma level of
oleic acid

Metabolic
syndrome

Reduction in prevalence

NHS: Nurses’ Health Study; OO: Olive oil; SUN: Seguimiento Universidad de Navarra; EPIC: European Prospective Investigation into Cancer and Nutrition;
PREDIMED: PREvención con DIeta MEDiterránea; RCT: Randomized Controlled Trial; MedDiet: Mediterranean Diet; EVOO: Extra-virgin olive oil; MUFA:
Monounsaturated fatty acids; SFA: Saturated fatty acids; HTA: Hypertension; BP: Blood pressure.



.1 tablespoon (.8 g) of total olive oil per day compared to those who

never consumed olive oil had a significant reduction in the risk of diabetes

(10%). The corresponding risk reductions were 5% (no significant) for salad

dressing olive oil and 15% (significant) for olive oil added to food or bread.

The authors estimated that substituting olive oil (8 g/d) for stick margarine,

butter, or mayonnaise was associated with 5%, 8%, and 15%, respectively,

lower risk of diabetes mellitus type 2. The authors of this study highlighted

the favorable effects found for olive oil on diabetes prevention despite the

relatively low intake of this fat compared with their Mediterranean counter-

parts [40].

Outside the United States, some studies from Mediterranean countries

such as Spain are available. Nevertheless, only a prospective study has ana-

lyzed the specific association of olive oil as unique dietary factor with diabe-

tes risk. The analyses carried out within the Seguimiento Universidad de

Navarra (SUN) cohort study in Spain. The SUN study is a Spanish prospec-

tive cohort study based on university graduates that includes more than

20,500 participants. However, the authors did not find any significant associ-

ation between olive oil consumption and diabetes incidence. Nonetheless, the

small number of cases of diabetes on the sample might have contributed to

the null finding [41].

Most of the examples, unfortunately, have analyzed olive oil consumption

but in the frame of an overall dietary pattern, the Mediterranean Diet. In this

sense, the results from the EPIC-Interact study in an analysis of participants,

suggested that olive oil, as one of the key components of the Mediterranean

Diet could be responsible for the beneficial effect found for participants with

high adherence to a Mediterranean dietary score (MDS) proposed by

Trichopoulou [42]. When the overall score was analyzed a reduction near 10%

in the risk of diabetes was observed for those participants with the highest

adherence to the MDS as compared to those with the minimum level of adher-

ence. When the score was constructed eliminating olive oil, the attenuation of

the effect was apparent with a reduction in the risk of only 3% and only margin-

ally significant for those with the maximum adherence to this healthy dietary

pattern. However, the effect was really found for Mediterranean Diet in which

other important components beyond olive oil such as vegetables, fruits, or

cereals could contribute to the reported effect. In fact, the association between

Mediterranean dietary score and diabetes was attenuated when olive oil or other

components such as alcohol or meat were excluded from the score.

Other important evidence comes from the PREDIMED trial as we have

already confirmed. In a subgroup analysis, Salas-Salvadó et al. found that

those participants receiving Mediterranean Diet plus extra-virgin olive oil

showed a reduction near 40% in developing diabetes during a follow-up

period of approximately 4 years [43].

Also in this trial, over a mean of 5.51 years of follow-up, participants

with the highest intake of polyphenols had a 28% significant reduction in
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new-onset diabetes as compared to participants with the lowest total poly-

phenol intake with a dose�response relationship. Moreover, some subclasses

of polyphenols also were inversely associated with diabetes risk, including

for total flavonoids (33% reduction in the risk), stilbenes (43% reduction in

the risk), dihydroflavonols (41%), and flavanones (31%). Again, we have to

highlight that the effect might not only be entirely due to extra-virgin olive

oil but also to other sources of polyphenols such as fruits, vegetables, or

legumes [44].

4.6.2 Hypertension

Some epidemiological studies have analyzed the role of different types of

dietary fats and the incidence of hypertension or the changes in blood pres-

sure failing to find any significant association. However, most of them have

been conducted in the United States where, as we have mentioned previ-

ously, the consumption is moderate and comes mainly from some types of

meats and hence is correlated with the intake of SFA. Contrarily to the lack

of association found for MUFA intake in several American studies such as

the Nurses’ Health Study, the Chicago Western Electric Company study, or

the Multiple Risk Factor Intervention Trial, the few epidemiological studies

conducted in Southern Europe show very different results suggesting a pro-

tective role for MUFA or olive oil.

A cross-sectional analysis within the EPIC-Greece found that the MUFA/

SFA intake ratio and olive oil consumption were inversely associated with

systolic and diastolic blood pressure after taking into account other factors

such as body mass index, energy intake, or physical activity of the partici-

pants. However, the design of the cross-sectional studies hinders the estab-

lishment of causal relationships [45].

It is remarkable the association found between olive oil consumption and

hypertension within the SUN cohort study with prospective follow-up. In a

sample of 5573 participants free of hypertension at baseline, the highest con-

sumption of olive oil was associated to a 50% reduction in the risk of hyper-

tension with a significant dose�response relationship but only among men.

The authors concluded that probably the lack of association observed among

women could be attributed to the overall lower incidence of hypertension

found among females and the resulting lower statistical power [46].

Also the PREDIMED trial analyzed the role of extra-virgin olive oil in

blood pressure. When the overall sample was analyzed, the groups assigned

to both Mediterranean Diet plus extra-virgin olive oil or nuts showed a sig-

nificant reduction in diastolic blood pressure during the follow-up period

when were compared to the control group [47]. In a posterior analysis in a

subsample of the trial (n5 200), both systolic and diastolic blood pressure

decreased significantly after a 1-year dietary intervention with Mediterranean

Diet supplemented with extra-virgin olive oil [48]. Thus, the reported
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reduction in cardiovascular disease that was more evident for stroke in other

analysis within the PREDIMED trial among those participants assigned to

Mediterranean Diet and extra-virgin olive oil, could be partly explained by

the control of blood pressure exerted by this dietary pattern.

Other studies conducted in very controlled environments have suggested

that olive oil could be used as a nonpharmacological approach in the treat-

ment of hypertension. For example, Ferrara et al. found that a diet rich in

extra-virgin olive oil was associated with a reduced need for antihypertensive

medication compared with a diet enriched in sunflower oil. The authors con-

cluded that a slight reduction in saturated fat intake, along with the use of

extra-virgin olive oil, markedly lowers daily antihypertensive dosage require-

ment, possibly through enhanced nitric oxide levels stimulated by polyphe-

nols [49]. Over again, the effect of olive oil in blood pressure would be not

only mediated through its MUFA content.

Therefore, several epidemiological studies have concluded that polyphe-

nols intake might decrease systolic and diastolic blood pressure in human.

The mechanism could be related with the induction of vasodilatation via acti-

vation of the nitric oxide (NO) system (NO regulates blood pressure by dilat-

ing arteries). In this sense, Moreno-Luna et al. conducted a clinical trial in a

sample of 24 women with high�normal blood pressure or stage 1 essential

hypertension to assess the role of polyphenol rich olive oil as compared to

refined oil (polyphenol free olive oil) on blood pressure. After 2 months of

intervention, a significant reduction in blood pressure (both systolic and dia-

stolic pressure) was found for the group assigned to polyphenol rich olive

oil. Moreover, after the polyphenol rich olive oil diet a decrease in serum

oxidized LDL and plasma C-reactive protein was observed as well as an

increase in plasma nitrates and nitrites (metabolites of NO). The state of

hypertension is often associated with increased vascular oxidative stress and

inflammation. So, these findings could explain the olive oil polyphenols

effects on blood pressure through their antiinflammatory and antioxidant

properties, improvement of endothelial function and thereby a restoring of

vascular reactivity [50].

Likewise, also the PREDIMED trial has analyzed the role of polyphenols

in blood pressure. In a sample of 200 participants from the trial, systolic and

diastolic blood pressure decreased significantly after a 1-year dietary inter-

vention with Mediterranean Diet supplemented with extra-virgin olive oil as

we have already mentioned. These changes in blood pressure were associated

with a significant increase in the level of polyphenols excreted in urine and

plasma NO. The statistically significant increases in plasma NO were associ-

ated with a reduction in systolic and diastolic blood pressure levels, adding

to the growing evidence that polyphenols might protect the cardiovascular

system by improving the endothelial function and enhancing endothelial syn-

thesis of NO [48].
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4.6.3 Obesity

Although olive oil is an energy-dense food with 100% of fat content, both

observational and dietary intervention trials consistently have shown that

Mediterranean Diet rich in olive oil does not contribute to obesity. However,

only a few epidemiological studies have analyzed the role of olive oil inde-

pendently of the Mediterranean Diet.

The SUN cohort study found that olive oil consumption was associated

neither to overweight or obesity nor with weight gain in a sample of 7368

participants followed up for a mean of 28.5 months [51].

In an analysis within a subsample of the PREDIMED trial and published in

2009, Razquin et al. found that the adherence to the Mediterranean Diet supple-

mented with extra-virgin olive oil was associated with better plasmatic antioxi-

dant profile and that this antioxidant profile was inversely related with weight

gain after 3 years of follow-up [52]. However, in a recent analysis within the

PREDIMED trial, Alvarez et al. did not find any significant difference among

intervention groups in several anthropometric and body fat measures after one

year of intervention in a subsample composed of 305 participants [53]. When

the overall sample was analyzed, a higher reduction in body weight after 5 years

of follow-up was observed for those participants assigned to the intervention

group with extra-virgin olive oil compared to the control group. The authors

concluded that the findings lend support to advice not restricting intake of

healthy fats such as extra-virgin olive oil for body weight maintenance [54].

This lack of weight gain and the improvement in overweight or obesity

exerted by olive oil may be due to the increased fat oxidation after ingestion,

diet-induced thermogenesis and overall daily energy expenditure induced by

olive oil. Other authors have hypothesized that olive oil could exert positive

effects on fat redistribution. A short-term experimental study involving indi-

viduals with obesity and insulin resistance showed that a Mediterranean Diet

rich in extra-virgin olive oil prevented accumulation of central body fat com-

pared with a low-fat diet without affecting body weight [55].

4.6.4 Metabolic Syndrome

The metabolic syndrome is a multicomponent disorder characterized by

hypertriglyceridemia, hyperglycemia, low HDL cholesterol, hypertension,

and abdominal obesity. The association between olive oil consumption and

different components of metabolic syndrome has been described along this

chapter. Nevertheless, only a few cross-sectional, cohort, and intervention

studies have analyzed the relationship between Mediterranean Diet adherence

(with olive oil as the main source of fat) and the prevalence or incidence of

metabolic syndrome [56] and none of them have specifically analyzed the

role of olive oil. In this sense, the role of a Mediterranean Diet supplemented
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with extra-virgin olive oil in metabolic syndrome was analyzed in the

PREDIMED trial. The adherence to this pattern was associated with a signif-

icant reversion of metabolic syndrome compared to the advice on following

a low-fat diet (the probability of reversion was 35% higher among those

assigned to the Mediterranean Diet plus extra-virgin olive oil than among

those participants in the control diet). However, the researchers found no

beneficial effect of this pattern on incidence of new-onset metabolic syn-

drome [57]. Also in other subsample of participants from the PREDIMED

trial, Mayneris-Perxachs et al. examined the association between plasma

levels of several fatty acids including oleic acid (biomarker of the consump-

tion of olive oil in this sample) and the incidence, reversion, and changes in

prevalence of metabolic syndrome after one year of intervention. Using the

biomarkers of foods supplied to the intervention groups they found that the

incidence and reversion rates of metabolic syndrome progressed inversely

and in parallel, respectively, to increases in oleic acid and α-linolenic acid

(biomarker of nuts consumption), which resulted in significant differences in

the changes in prevalence of metabolic syndrome across the quartiles of

changes in both plasma fatty acids [58].

4.7 HOW MUCH OIL IS RECOMMENDED A DAY?

One of the main characteristics of the Mediterranean Diet is its high fat

intake, predominantly in the form of olive oil. Olive oil makes the diet more

palatable and easier to follow than a low-fat diet, in which fat content is sig-

nificantly restricted, including olive oil. Based on the scientific evidence

from the PREDIMED study, in which the participants consumed an average

of 50 ml of extra-virgin olive oil per day, the daily recommendation to fol-

low a healthy Mediterranean Diet is between 4 and 6 tablespoons. This

amount includes both raw (salad dressing, vegetables, toast, etc.) and cooked

(stews, fried food, etc.) forms of consuming olive oil.

4.8 CONSUMER TIPS: HOW TO TAKE ADVANTAGE
OF OLIVE OIL

At first, it may seem like extra-virgin olive oil is much more expensive than

other types of oil, but ultimately it can prove to be more economical and

more beneficial in the long run. This is explained by the need to use a lesser

quantity of oil, due to its expanding properties and stronger flavor.

Olive oil is more resistant to high temperatures than other oils for cook-

ing, making it more suitable oil for frying. If the olive oil that was used for

frying is not burned, it can be reused several times. Other vegetable oils, on

the contrary, burn quicker and their reuse is not recommended.
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In addition, olive oil is absorbed less by food than other seed oils. This

results in dishes with a lower fat content and lower caloric intake than those

that use other types of cooking oil.

To prevent the alteration of the health properties, it is highly advised to

refrain from high heat cooking methods and to store food in opaque or col-

ored containers, to avoid direct contact with the light. It is not recommended

to mix fresh olive oil with used olive oil or other kinds of oils. One last rec-

ommendation for oil is to avoid frying food with high water content, because

water accelerates the oil�s rate of degradation.

4.9 HOW CAN I INCORPORATE OLIVE OIL IN MY DIET?

� Incorporate the use of olive oil at home, not only when using raw (as

salad dressing), but also for cooking and frying.

� Start your day off with a healthy breakfast of toast drizzled with

olive oil.

� Use olive oil for salad dressings instead of unhealthier dressings.

� Try using it at the dinner table instead of butter.

� Replace olive oil for other fats such as butter, margarine, or cream when

making sauces.

� You can enhance the flavor of your dishes with olive oil previously

soaked with herbs.

� Avoid industrial baked goods and sources of animal fats and cholesterol

such as bacon. Eat comfortably seated and in moderation. Use olive oil

to bake homemade pastries, cakes and muffins.
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[7] Fitó M, Estruch R, Salas-Salvadó J, Martı́nez-Gonzalez MA, Arós F, Vila J, et al. Effect

of the Mediterranean diet on heart failure biomarkers: a randomized sample from the

PREDIMED trial. Eur J Heart Fail 2014;16:543�50.

[8] Quiles JL, Ochoa JJ, Ramirez-Tortosa C, Battino M, Huertas JR, Martı́n Y, et al. Dietary

fat type (virgin olive vs. sunflower oils) affects age-related changes in DNA double-strand-

breaks, antioxidant capacity and blood lipids in rats. Exp Gerontol 2004;39:1189�98.
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et al. Olive oil has a beneficial effect on impaired glucose regulation and other cardiome-

tabolic risk factors. Diabetes study. Eur J Clin Nutr 2013;67:911�16.
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[53] Álvarez-Pérez J, Sánchez-Villegas A, Dı́az-Benı́tez EM, Ruano-Rodrı́guez C, Corella D,
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