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Abstract: The Mediterranean diet is a healthy dietary pattern whose main characteristic is olive
oil consumption. The potential health benefits of olive oil have been extensively investigated and
the present review provides the more recent clinical evidence supporting the positive impact of
olive oil intake on human health. PubMed (1 = 227) and Scopus (n = 308) databases were searched
for published clinical studies in English over the past six years (October 2016 to December 2022),
following key word searches of “olive 0il” and “health”. Major findings associated olive oil with
antioxidant and anti-inflammatory effects, improvement in endothelial function and lipid profile,
prevention of obesity, diabetes, cardiovascular and neurodegenerative diseases, and modulation of
the gut microbiota. These benefits are attributed to the nutritional composition of olive oil, which has a
high content of monounsaturated fatty acids (MUFA) (oleic acid in particular) and minor compounds
such as polyphenols (oleuropein and hydroxytyrosol). Although additional research continues to
be required, the more recently generated evidence supports the potential of olive oil to contribute
beneficially to health and to the prevention and management of a variety of non-communicable
diseases, as a consequence of the synergism between its components’ complexity.
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1. Introduction

Olive oil (OO) is a vegetable oil obtained from olives, the fruits of the olive tree
(Oleaeuropaea L.; family Oleaceae). The cultivation of olive trees, harvest of olives, and
production of OO have been linked to the history and culture of some of the most ancient
Mediterranean civilizations [1,2].

Today, OO is still mainly produced and consumed in countries surrounding the
Mediterranean Sea. Approximately 70% of OO production is from Mediterranean countries.
The major producer worldwide is Spain, followed by Greece, Italy, Turkey, Morocco, and
Tunisia [3,4]. The highest annual per capita OO-consuming countries are Greece (12 kg),
Spain (11.7 kg), Italy (8.2 kg), and Portugal (7.9 kg). Northern Europe and North America
consume far less, but their consumption of OO has been steadily rising [5,6].

OO is obtained by pressing and crushing whole olives and separating the oil by

physical or chemical processes. If OO is obtained “solely by mechanical or other physical
means under conditions, particularly thermal conditions, that do not lead to alterations
in the oil, and which have not undergone any treatment other than washing, decantation,
centrifugation, and filtration” it is designated as virgin olive oil (VOO) [7]. This manufac-
turing technique allows the preservation and transfer of bioactive components, including
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Council [7], VOOs can be either classified as extra-virgin olive oil (EVOO) or as virgin olive
oil (VOO). EVOO has a free acidity level, expressed as oleic acid, of not more than 0.80 g
per 100 g and presents no organoleptic defects, having optimal taste and odor. It is the OO
with the best quality. VOO has a free acidity level of not more than 2.0 g per 100 g and may
have some minor sensory defects [7].

The composition of OO varies with the olive variety, climatic conditions, soil, irri-
gation, altitude, time of harvest, production techniques, and storage duration and condi-
tions [2,9,10]. These different factors determine the OO qualitative and quantitative profiles,
influencing the organoleptic/sensorial and health properties of the vegetable oil [11].

Regarding the nutritional profile, the major components of OO are fatty acids (98-99%)
predominated by MUFA (55.3-86.5%; oleic acid and palmitoleic acid), followed by polyun-
saturated fatty acids (PUFA) (3.5-21%; linoleic and linolenic acids), and saturated fatty
acids (SFA) (8-25.1%; myristic, palmitic and stearic acids). On the other hand, minor com-
ponents, which correspond to the unsaponifiable fraction, comprise between 1 to 2%, and
include sterols, terpenoids and aliphatic alcohols, pigments, squalene, tocopherols (vitamin
E), and polar phenolic compounds, as the most important ones [12,13]. Hydroxytyrosol
and its derivatives stand out as the major phenolic compounds in VOO associated with
positive health impacts. In fact, serum levels of hydroxytyrosol oleuropein and oleic acid
derivatives have been proven to elevate with VOO consumption. Further research has
established possible metabolic pathways affected by intake of the o0il, which in turn play a
role in ameliorating one’s health [13]. The historical key role of OO is well demonstrated as
it has long been the basis of the Mediterranean population’s diet, becoming an essential
food item of the Mediterranean diet (MedDiet) [2]. Indeed, the available evidence on OO
and its beneficial health impacts has been associated with both its specific composition
(fatty acids profile and phenolic compounds) as well as its consumption within the context
of the Mediterranean diet. The MedDiet may slightly differ based on regional, religious,
and cultural factors, but all Mediterranean countries share the use of OO as the main
culinary fat. Besides OO, the MedDiet, in general, is a dietary model characterized by a
high consumption of vegetables, legumes, fruits, nuts, and whole cereals; a moderate intake
of fish and seafood; a low intake of meat, processed meat, and dairy products; along with a
modest consumption of alcohol, mostly in the form of red wine with meals [14,15]. In the
MedDiet, the OO consumption typically ranges between 25 and 50 mL (approximately two
tablespoons) per day [16].

Also, when compared to other dietary treatments, the MedDiet represents a set of
traditional practices and knowledge and can be considered as a way of life, rather than just
food choices. For this reason, UNESCO, in 2013, inscribed the MedDiet as an Intangible
Cultural Heritage of Humanity [17]. Moreover, adherence to MedDiet is associated with
longevity and with a lower incidence of non-transmissible chronic diseases and health
complications regarding the cardiovascular system, obesity, diabetes, and related metabolic
disorders [9,18].

Important systematic review and/or meta-analysis papers have been published over
the last few years concerning the benefits of the regular intake of different types of OO, or its
components, on anti-inflammatory potential [19], metabolic syndrome [20], cardiovascular
risk factors [21] and type 2 diabetes mellitus [22]. The clinical trials covered in these papers
focused on studies performed up to 2016-2018. However, over the last years the number of
trials has increased significantly, particularly since 2016, since which more than 50 clinical
trials have been undertaken every year, revealing the pertinence of the topic. Based on the
above, the aim of the present review is to summarize recent clinical findings performed
over the past six years between October 2016 and December 2022 regarding the beneficial
effects of OO consumption on human health, bringing together in the same document
several ailments, and trying to pinpoint whether these are associated with the specificity of,
or the synergism between, OO components.
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2. Materials and Methods
2.1. Bibliographic Search

The initial literature search enabled the retrieval of 535 articles from the PubMed
(n =227) and Scopus (n = 308) databases, this number included published clinical studies
in English over the past six years (October 2016 to December 2022), following key word
searches of “olive o0il” and “health”.

Studies should be available on the internet, in bibliographic databases of academic
original articles (PubMed, Scopus). The filters applied included: Clinical Study, Clinical
Trial, Clinical Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial,
Phase 1V, and Randomized Controlled Trial. The search keywords that were selected on
Scopus included: (Title) olive oil, (Title, Abstract, Keywords) clinical study. Filters applied:
last 6 years, human (Figure 1).
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Figure 1. Flow chart of study selection process.



Nutrients 2023, 15, 3625

40f 44

2.2. Characteristics of the Excluded Studies

The established exclusion criteria included the following: (i) articles written in a
language other than English; (ii) pregnant women or child participants; (iii) studies using
OO as a placebo, rather than in the intervention; (iv) in vivo animal and in vitro studies;
(v) duplicates; (vi) abstracts with irrelevant information or simply unsuitable intervention
techniques; (vii) studies where OO was used as a substance with dermatologic health
impact; (viii) studies not using OO in edible forms or administering OO by other forms
rather than by swallowing; and (ix) studies that were devoid of any results. Only original
articles were included in the study; hence, systematic reviews and meta-analyses were not
included in the selection. Following the cross checking of the lists by three researchers, a
total of 106 papers were identified. The final articles were separated into groups based on
the claimed health effects. The distribution of the 106 articles among the different groups
was as follows: 30/106 articles associated with “metabolism”, 41/106 articles with “CVD”
(cardiovascular diseases), 12/106 articles with “antioxidants” capacity, 8/106 articles with
“mental health and neurodegenerative diseases”, 6/106 articles with “gut microbiota”, and
the final 9/106 articles were associated with “other health outcomes” (Figure 1).

3. Results and Discussion
3.1. Olive Oil’s Effects on Metabolic Diseases

Several factors may influence the biochemical impact of OO including components
quantitative and qualitative profiles, absorption, and metabolism. In their comprehensive
review, Vazquez-Aguilar et al. [13] used metabolomics to unravel available evidence from
human, animal, and in vitro studies on the metabolic effects of VOO or its bioactive com-
pounds. Despite heterogeneity between studies, the impact of regular VOO consumption
on carbohydrate, lipid, and amino acid metabolism was shown, although specific metabo-
lites could not be identified. The combined action of MUFA and polyphenol components on
different metabolic pathways may contribute positively to control lipid metabolism, favor
good glycemic control, and ensure good anti-inflammatory activity. Table 1 summarizes
the main studies on the direct effect of OO intake on metabolic studies [23-51].

Few studies have shown changes in the grade of fatty liver with the consumption of
OO, yet promising features have been registered. A 10-week randomized controlled trial
was conducted to assess the effects of vegetable oils (canola, sunflower, and olive oils) on
the lipid profile and severity of fatty liver in women with polycystic ovarian syndrome. OO
consumption resulted in no significant reduction in lipid profile. However, canola and olive
oils had the potential to lower considerably the fatty liver grade and Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) [23]. In another study, EVOO with high
oleocanthal concentration was given (32 mL/day) for 2 months to subjects with metabolic
syndrome and hepatic steatosis. The ingestion of oleocanthal-enriched EVOO reduced body
weight, waist circumference, body mass index (BMI), alanine transaminase, inflammatory
cytokines, and hepatic steatosis [24].

Individuals who underwent a 5-year MedDiet intervention with EVOO, or nuts,
exhibited slight improvements in body weight and fewer increases in waist circumference
when compared to the control diet. The fact that a high-fat MedDiet has no effect on body
weight and waist circumference gives support to the idea that beneficial vegetable fats
should not be reduced for body weight management [25].
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Table 1. Studies examining various interventions with OO consumption and their beneficial outcomes on metabolic outcomes.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
In healthy subjects, HP-EVOO improved
i glycaemia and insulin sensitivity, and
Clinical trial on 12 healthy subjects High Pglyphenpl . . . modulated the transcription of genes and miR
(age: 27-31 years old) and 12 patients Extra-Virgin Olive Oil - Acute ingestion of 50 mL of involved in metabolism, inflammation, and
8¢ ye P (HP-EVOO) HP-EVOO or LP-EVOO, after 1-week ~ Gene and miR e ’ o,
with metabolic syndrome (age: . . . . cancer, modifying to a less deleterious [48]
Low-Polyphenol washout period and overnight expression analysis )
32-38 years old), 0 . . . inflammatory phenotype;
Extra-Virgin Olive Oil  fasting : . . .
12 men and 12 women (LP-EVOO) In healthy subjects and in patients with
metabolic syndrome, LP-EVOO showed weaker
effects
RCT, .
crossover on 17 overweight women, Two 6-week per1ods,' separated by a Omentin and OO-rich diet tended to increase
00 2-week washout period, to consume . . . . . [29]
age: 20-50 years old, . . . . adiponectin omentin and adiponectin
BMI: 25-29.9 kg /m? either a usual diet or an OO-rich diet
Randomized, bhn.d, . 12 Weeks O.f ISO.CETIOHC. . Hepatic fat, Diet rich in MUFA from OO significantly
parallel on 43 subjects with weight-maintaining diet containing  glucose tolerance, . .
. EVOO . . ¢ . . decreased hepatic fat and improved both [45]
prediabetes, MUFA (OO) or extra fiber or habitual  insulin action and hepatic and total insulin sensitivit
25 men and 18 women food (control diet) secretion P y
EVOO reduced glucose and DPP4, significantly
Patients were randomized Post-prandial glucose, increased insulin and GLP-1, and significantly
Randomized, to receive a meal including or not lipid profile, glucose, decreased TG and Apo B-48;
crossover on 30 patients with EVOO 10 g of EVOO in a crossover design;  insulin, GLP-1, total cholesterol and HDL levels did not [35]
impaired fasting glucose, 17 men and there was an interval of at least DPP4, TG, total significantly change;
13 women, age: 45-70 years old 7 days between the two phases of the  cholesterol, HDL, EVOO improved post-prandial glucose and
study Apo B-48 lipid profile with a mechanism probably related
to incretin up-regulation
On 4 occasions, each Gastric emptvin The substitution of whey protein with
. separated by 3-14 days, ingestion of ptyme, carbohydrate (dextrose) and fat (OO) resulted in
Randomized ’ glucose, . . .
. a control drink (450 mL) or : . faster gastric emptying, reduced suppression of
double blind, crossover on 13 healthy . . . . insulin, . : .
iso-volumetric drinks containing . ghrelin, and less stimulation of CCK and GLP-1;
young men, 00 . ghrelin, . " [31]
) ) protein/carbohydrate/fat: meanwhile, the addition of carbohydrate and fat
BMI: 23-25 kg/m CCK, S .
(1)14g/28g/124 g, to whey protein did not further slow gastric
age: 22-24 years old GLP-1, ; . .
(2)70g/28¢g/124 g, total enerev intake emptying, suppress ghrelin, or increase CCK
(3)70g/0g/0g 8y and GLP-1 responses
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Table 1. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
1 year of intervention,
Unstratified case-cohort study within i/[gg)]é)lipst:+ EVOO
the PREDIMED study on earue . -
. . (4 tablespoons/day/person), Plasma levels of MedDiet + EVOO significantly lowered the
251 patients with T2D and EVOO . . . . . . . [47]
641 without T2D MedDiet + nuts (30 g mixed amino acids levels of branched-chain amino acids (BCAAs)
ace: 60-73 vears ’0 d nuts—walnuts, hazelnuts, and
e y almonds),
low-fat diet
RCT, 12 weeks
single blind on 43 patients with 2 eroUps ,c onsumine a hvpocaloric ALT Diet containing OO significantly decreased
NAFLD, VOO dige " p ganhyp ASTI weight and ALT and AST levels, but the severity [34]
26 men and 17 women, T . L . . of liver steatosis did not change significantly
P (1) enriched with OO, or liver steatosis severity .
BMI: 29.7 £ 0.58 kg/m . during the study.
age: 36-56 years old (2) with normal fat
Randomized, double blind, After 2-week run-in period, ingestion
crossover on 100 healthy adults, of 4? g/day of palm olein or OO Anthropometric data ~ Palm olein and OO had no significantly
47 men and 53 women, (e]e] during two phases of 5-week L . . .. [40]
. . . - - and lipid profile different effect on body fatness or blood lipids
mean age: 40 years old, intervention period with a 2-week
BMI: 18.5-24.9 kg/m? washout period between them
sRiir;?eolrarlliligd, On 3 different days, separated by
! . . 2-10 days, in random order, acute
crossoveron 13 overweight patients intake of either: Secretion of gut and Both EVOO and C4-dietary oil resulted in
with T2D, EVOO . . [41]
8 men and 5 women (a) 200 g carrot, pancreatic hormones greater secretion of GLP-1 and GIP
BMI: 30 - 4.3 k /mzl (b) 19 g EVOO + 200 g carrot, or
age: ’ 4775 y.earf old (c) 10.7 g C4 dietary oil + 200 g carrot
RCT Butter significantly increased LDL, TC/HDL
para,llel, 4 weeks consumption of 50 g/day of Evloioi tl ipid profile, rationantd ]ﬁo?_Hi]fDiL; ntly increased HDL:
not blind on 94 healthy subjects, EVOO one of 3 different dietary fats: EVOO, A coCOnt Ol Sighiticanty mhetease ’ [49]

31 men and 63 women,
age: 50-75 years old

coconut oil or butter

fat distribution, and
metabolic markers

there were no significant differences on weight,
fat distribution and metabolic markers among
any of the three dietary fats
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Table 1. Cont.
Study Design Compound Intervention ](S)il(l)tr::ﬁf:r/s Results Reference
RCT,
parallel, multicenter, 5 years of intervention,
from the PREDIMED study on 3 groups: Bodvweicht and MedDiet enriched with EVOO or nuts showed
7447 high CVD risk patients, EVOO MedDiet + EVOO (50 mL/day), wais}; circ%lm ference small reductions in weight and lesser increases  [25]
>90% overweight or obese, MedDiet + nuts (30 g/day), in waist circumference
4282 women and 3165 men, low-fat diet
age: 55-80 years old
18-weeks: first phase was a 2-week
run-in period, followed by 3 phases
. of 4-week experimental period with S
Randemaet s Falm ol igificnty loweredsrum TG
y ’ them; Lipid profile and e ’ .
33 men and 34 women, EVOO 3 oroups of subjects consumed LDL subfractions All the other lipid indices and LDL subfractions  [50]
BMI: 19.2-22.6 kg /m? group ) showed no significant differences amongst the
age: 21-25 years old alternately a three test fats
8e y Chinese diet containing one of the
3 fats: EVOO, palm olein or cocoa
butter
RCT, multicenter, parallel-group, 3-year follow up,
subgroup analysis of PREDIMED 3 groups: . . . .
trial on 100 men and women at high ~ EVOO Med Diet + EVOO 60 mL/day, Med ~ Hepatic steatosis hf:ja%f;e’“ff\}/lgztlfcassfe‘;:iﬁd withalower 5,
CVDrisk, Diet + 30 g/day nuts, P P
age: 55-80 years old Low-fat diet (control group)
Consumption, alternating at 1-week  Glucose,
RCT, crossover on 11 patients with intervals .of or.le of 3 experimental gastric emptying rate, EVOO reduced. glucose .and significantly
TID. 5 men and 6 women. age: EVOO meals, with different amount and GLP-1, increased gastric emptying rate, GLP-1 and TG; [36]
32_5'0 years old s age: quality of fat: 37 g EVOO (high-MU  GIP, GIP and glucagon were not significantly
fat), 43 g butter (high-saturated fat),  glucagon, different between EVOO and butter
and 8 g (low fat) lipids
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Table 1. Cont.

Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
Fatty liver grade,
RCT 12 weeks, liver enzymes, OO intake lessened fatty liver grade and
aralllel 2 groups consuming;: anthropometric data,  reduced body-fat percentage but did not affect
gouble—’blin d on 66 adults with 00 20 g/day OO or blood pressure, serum  liver enzymes and cardiometabolic risk factors; [33]
NAFLD 20 g/day SFO, lipid profile, glucose, OO and SFO reduced weight, waist
BMI: 251k /m2 both combined with a hypocaloric insulin, circumference, blood pressure, and serum
’ & diet malondialdehyde aminotransferases
(MDA), TAC, IL-6

iirgl?:gilrzlgd’ EVOO or rice bran oil (15 mL/day)
crossover on 10 patients with T2D, was administered for 4 weeks, Glycemic controland ~ EVOO or rice bran oil significantly decreased

EVOO followed by a 2-week washout L . [39]
9 women and 1 man, . lipid profiles only the HDL levels
BMI: 20-30 kg,/m? period and a crossover for another
age: 30-60 years old 4 weeks
RCT,
parallel, double-blind,
multicentre, .
PREDIABOLE study on 176 OA-enriched OO ii;r_l;{r?jgegfg g :;T;;hed OO or New-onset T2D The intake of OA-enriched OO substantially [44]
prediabetic subjects (with IFG and non-enriched OO 95-30 month & incidence reduced the risk of developing T2D
impaired glucose tolerance (IGT)), onths
BMI: 25-39.9 kg /m?
age: 30-80 years old
RCT,
parallel, multicenter, 5 years of intervention
subgroup of 3 groupS' ’ Need for MedDiet + EVOO significantly decreased the
PREDIMED study on 3230 patients EVOO MedDiet + EVOO (1 L/week), glucose-lowering need for glucose-lowering medications; [46]

with T2D,

without treatment,

1552 men and 1678 women,
age: 61-74 years old

MedDiet + nuts (30 g/day),
low-fat diet

medications and for
insulin treatment

MedDiet, with EVOO or nuts, did not result in a
lower need for insulin treatment




Nutrients 2023, 15, 3625

9 of 44

Table 1. Cont.

Study Design Compound Intervention ](S)il(l)tr::ﬁf:r/s Results Reference
Anthropometric data,
Experimental in 23 subjects with metabohc parameters, Oleocanthal—enrlc.hed EVQO glgmﬁcanﬂy
. . s hepatic steatosis, reduced body weight, waist circumference,
metabolic syndrome and hepatic EVOO with high oleocanthal . - . . .
. . . abdominal fat body mass index, alanine transaminase, hepatic
steatosis, EVOO concentration was given (32 g/day) . . . . [24]
distribution, and steatosis, pro-inflammatory cytokines (IL-6,
15 men and 8 women, for 2 months S
age: 49-71 years old pro- and IL-17A, TNF-«, IL-1B), while significantly
8¢ anti-inflammatory increased anti-inflammatory cytokine (IL-10)
cytokines
Participants were divided in
Cross-sectional observational study 2 groups regarding their OO . OO consumption was not associated with
) BMI and waist . . . .
on 200 healthy adults, 00 consumption: circumference increasing body mass index and waist [26]
age: 20-30 years old low < 12.5 g/day, and circumference
high > 12.5 g/day
DieTBra + EVOO significantly reduced body
RCT, . . weight and reduced total body fat;
12 weeks of intervention, . . .
parallel, 3 eroups: DieTBra significantly reduced body weight, and
blind on 111 adults with severe EroUps: Body composition and  total body fat, and significantly improved
. EVOO DieTBra, T . . [27]
obesity, sarcopenia indicators ~ walking speed and handgrip strength
5 EVOO (52 mL/day) and N
BMI > 35 kg/m DieTBra + EVOO (52 mL/day) (sarcopenia indicators);
age: 18-64 years old y EVOO alone did not improve any of the
outcomes
Ingestion during 3 days, on
separated occasions and in Enteroendocrine EVOO was significantly more effective in
Exploratory randomized crossover randomized order, of different secretions, stimulating enteroendocrine secretion in
on 20 10 RYGB-operated patientsand EVOO triacylglycerol formulations: glucose, RYGB-operated patients and controls, and [30]
10 controls (1) 20 mL EVOO, lipid, and gut hormone release was greater in

(2) 13.8 mL C8-dietary oil, and
(3) 10.7 mL tricaprylin

bile acid metabolism

RYGB-operated patients
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Table 1. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT,
crossover on 13 patients with T2D, Participants received a meal with or
6 men and 7 women, EVOO without EVOO followed by a 1-week  Postprandial blood Meals with EVOO increased the postprandial [37]
age: 53-63 years old, washout period, after which they glucose blood glucose, providing no additional benefit
BMI under the overweight or were given the other intervention
obese class
One single intake of 40 g of
RCT oleuropein-enriched chocolate
single blind, crossover on 25 patients (Cii(i:;?;gfoﬁ\g?fr;o ;nggﬁr%nilin) Glucose EVOO, as a source of oleuropein, is associated
with T2D and 20 healthy subjects, EVOO 8% P ) o with a modest increase or no change of glycemia  [42]
or 40 g of control chocolate spread. insulin . . .
22 men and 23 women, in T2D and healthy subjects, respectively
ace: 27-77 vear old After 10 days washout phase,
8¢ y participants crossed over to take the
opposite chocolate
RCT, OO consumption resulted in no significant
double blind in 72 women with 00 3 groups receiving 25 g/day of OO,  Lipid profile and reduction in lipid profile; [23]
polycystic ovarian syndrome, CO or SFO for 10 weeks fatty liver severity OO0 and CO significantly decreased fatty liver i
age: 18-45 years old grade and HOMA-IR
Short-term, open clinical trial,
proof-of-concept study on 41 adults, Participants were encouraged to EVOO ingestion leads to increased brown
lean (BMI 18.5-24.9 kg/m?) and increase their usual OO consumption . . adipose tissue activity by significant increase in
obese /overweight (BMI EVOO by replacing their habitual vegetable Brown adipose tissue leptin, secretin, FGF21 and 12, 13 di-HOME in 28]
25-35 kg/m?), oil for OO during 4 weeks lean but not in overweight/obese volunteers
age: 2540 years old
RCT, 2-weeks consumption of 100 g/day S:i:g\ﬁ:;on EVOO-enriched chocolate spread consumption
double blind, chocolate spread enriched with lucose and li, d led to decreased circulating harmful
crossover on 20 healthy either EVOO or palm oil, followed & . p sphingolipids, HOMA-IR and plasma insulin;
. . EVOO . metabolism, SR . [43]
normal-weight subjects, by 1 week of washout period and . no major significant changes in TC, TG, HDL,
. inflammatory . - .
10 men and 10 women, another 2 weeks of the opposite markers inflammatory markers, and appetite regulation

age: 23-25 years old

treatment

appetite regulation

were observed between the groups
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Table 1. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT Exosomal non-coding
arailel 1 year of intervention, RNAs (Ribonucleic
Evithin t,he 3 groups: acid) (Long MedDiet + nuts and MedDiet + EVOO
. EVOO MedDiet + EVOO, Non-Coding RNAs modulated exosomal RNA content, with the [51]
PREDIMED study on 150 subjects . . . .
MedDiet + nuts, (IncRNAs), messenger  former affecting a higher number of miR
free of T2D, .
> low-fat diet RNA (mRNA) and
BMI: 27-35 kg/m . .
miRs) modulation
DieTBra significantly reduced fasting insulin
Glycemic parameters, levels and decreased BMI, weight, serum levels
RCT in 40 adults aged 18-64 years EVOO 2 groups receiving EVOO or inflammatory of inflammatory cytokines, IL-1x and 3]
with T2D and class II/1II obesity EVOO+DieTBra for 12 weeks markers, BMI, and adiponectin and increased TNF-a showing its
weight role in ameliorating inflammatory profiles and

fasting insulin levels.

(12, 13 Di-HOME: 12,13-Dihydroxy-9Z-Octadecenoic Acid; ALT: Alanine Aminotransferase; Apo B-48: Apolipoprotein B-48; AST: Aspartate Aminotransferase; BCAAs: Branched-Chain
Amino Acids; BMI: Body Mass Index; CCK: Cholecystokinin; CO: Canola Oil; CVD: Cardiovascular Disease; DieTBra: Traditional Brazilian Diet; DPP4: Dipeptidyl-Peptidase-4; EVOO:
Extra-Virgin Olive Oil; FGF21: Fibroblast Growth Factor 21; GIP: Glucose-Dependent Insulinotropic Polypeptide; GLP-1: Glucagon-Like Peptide-1; HDL or HDL-C: High-Density
Lipoprotein-Cholesterol; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; HPOO: High Polyphenol Extra-Virgin Olive Oil; IFG: Impaired Fasting Glucose; IGT:
Impaired Glucose Tolerance; IL: Interleukin; LDL or LDL-C: Low-Density Lipoprotein-Cholesterol; IncRNAs: Long Non-Coding RNAs; LP-EVOO: Low-Polyphenol Extra-Virgin Olive
Oil; MDA: Malondialdehyde; MedDiet: Mediterranean Diet; miR: MicroRNAs; mRNA: messenger RNA; NAFLD: Nonalcoholic Fatty Liver Disease; OA: Oleanolic Acid; OO: Olive Oil;
RCT: Randomized Control Trial; RNA: Ribonucleic acid; RYGB: Roux-en-Y Gastric Bypass; SFO: Sunflower Oil; T2D: Type 2 Diabetes; TAC: Total Antioxidant Capacity; TC: Total
Cholesterol; TG: Triacylglycerols; TNF-a: Tumor Necrosis Factor Alpha; VOO: Virgin Olive Oil).
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Even though OO has shown a positive correlation with BMI and waist circumference,
AlKhattaf et al. (2020) did not identify such a relationship in a cross-sectional investigation
using a Saudi adult cohort [26]. However, high OO consumers who had a significantly
higher caloric intake, had a similar BMI compared to low OO consumers, indicating
that OO consumption may play a role in body weight maintenance. Furthermore, a
randomized controlled trial reported that results were also inconclusive in this relationship
after allocating participants to one of three groups: EVOO (52 mL/day), traditional Brazilian
diet (DieTBra), or DieTBra+EVOO (52 mL/day) for 12 weeks. The DieTBra is a healthy
dietary pattern characterized by the consumption of rice, beans, a small amount of low-fat
meat (red meat, chicken, or fish), and raw and cooked vegetables in the main meals (lunch
and dinner); consumption of fruits, bread, milk, and dairy products in the small meals; and
low consumption of processed foods. The authors observed that people in the DieTBra
group had large decreases in total body fat and body weight, as well as significant gains
in walking speed and handgrip strength (sarcopenia indicators) in severely obese adults.
There was also a substantial reduction in body weight in the DieTBra+EVOO group when
compared to the EVOO-only group; however, EVOO alone did not enhance any of the
above cited outcomes [27].

Additionally, OO seems to mobilize some hormones and indicators important in
mitigating obesity. Monfort-Pires et al. (2021) conducted a short-term dietary intervention
and found that EVOO ingestion was able to induce significant increase in blood levels
of MUFA, leptin, secretin, fibroblast growth factor 21 (FGF21), and 12,13-dihydroxy-9Z-
octadecenoic acid (12,13 di-HOME) in lean volunteers [28]. Increase in leptin concentration
was associated with increased brown adipose tissue activity. Also, secretin, FGF21, and
12,13di-HOME are inducers of brown adipose tissue activity, providing the first evidence
that EVOO leads to an increase of brown adipose tissue activity in humans.

Recall that omentin and adiponectin have a protective role in preventing obesity-
related comorbidities. In this context, Kabiri et al. [29] conducted a randomized crossover
trial with overweight women and found that an OO-rich diet tended to increase omentin
and adiponectin levels in comparison with a hypocaloric diet, showing a putative role for
OO in preventing obesity.

In another study, Martinussen et al. (2020) discovered that combining long-chain
fatty acids with 2-oleoyl-glycerol (2-OG) (released during digestion of 20 mL of OO) was
significantly more effective in stimulating enteroendocrine secretion and that distal, but not
proximal, gut hormones were increased in Roux-en-Y gastric bypass (RYGB) patients [30].
Gut hormones induced by fat consumption are essential regulators of energy and glucose
homeostasis and may play a role in weight reduction and diabetes remission after RYGB.

In a tentative approach to determine the acute effects of the addition, or substitution,
of fat and carbohydrates with whey protein-rich liquid supplements, which may be used
in weight control, on gastric emptying and other neuroendocrine parameters, Giezenaar
et al. (2018) conducted a randomized, double-blind trial, including 13 healthy young
men who ingested a control drink or iso-volumetric drinks containing different ratios
of protein/carbohydrate/fat [31]. The equi-energetic substitution of whey protein with
dextrose and OO (12.4 g) resulted in faster gastric emptying, less ghrelin suppression, and
less stimulation of cholecystokinin (CCK) and glucagon-like peptide-1 (GLP-1) concentra-
tions; however, adding the dextrose and OO to whey protein did not further slow gastric
emptying, suppress ghrelin, or increase CCK and GLP-1 responses of the drink [31].

When it comes to nonalcoholic fatty liver disease (NAFLD) few studies could be found
on potential benefits of OO. A subgroup analysis within the PREDIMED (PREvencion
con Dleta MEDiterranea) trial, a long-term prospective, parallel, randomized, controlled,
multicenter trial designed to assess the effects of the MedDiet on the primary prevention of
CVD, found that long-term adherence to a MedDiet + EVOO is associated with a lower
prevalence of NAFLD in older people at high cardiovascular risk, when compared to a
similar diet supplemented with nuts or a low-fat control diet [32]. In another independent
study, patients with NAFLD were given 20 mL of OO or sunflower oil (SFO) daily for
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12 weeks. The OO consumption group were able to register increased skeletal muscle
mass while lowering serum triacylglycerols, fat mass, body fat percentage, and fatty liver
grade. Therefore, in people with NAFLD, OO may reduce the severity of the condition
without modifying cardiometabolic risk factors [33]. In a trial of individuals with NAFLD,
a reduced calorie diet fortified with VOO (20% of the total fat (30%)), along with minor
weight loss, reinforced the anticipated effects of weight loss in reducing the levels of the
hepatic alanine aminotransferase (ALT) and aspartate aminotransferase (AST) enzymes. In
addition, a drop in intrahepatic lipid content was seen between the baseline and after the
VOO dietary intervention [34].

Several trials have been conducted concerning the effect of OO consumption on
postprandial blood glucose (PBG) modulation. Carnevale et al. (2017) examined whether
EVOO affects PBG and lipid profiles in patients with impaired fasting glucose (IFG) and
discovered that a meal containing 10 mL of EVOO was associated with a reduction in
glucose and dipeptidyl-peptidase-4 (DPP4) activity, a significant decrease in triacylglycerols
(TG) and apolipoprotein B-48 (Apo B-48), and a significant increase in insulin and GLP-
1 [35]. A study was performed on patients with type 1 diabetes (T1D) consuming three
high-glycemic index meals differing in fat types one week apart; it was shown that blood
glucose was lower after the EVOO than after the butter or low-fat meals. EVOO also
significantly increased gastric emptying, GLP-1 secretion, and triglyceride concentration.
These results suggest a hypoglycemic effect of EVOO in T1D patients, which may be useful
in their treatment [36].

Different results were demonstrated in randomized controlled crossover research,
aiming at studying the effect of EVOO on PBG in Asian type-2 diabetes (T2D) patients.
They found a significant rise in two-hour PBG in patients consuming EVOO versus patients
having meals without EVOO. Because free fatty acids impeded glucose transport and
insulin secretion, adding EVOO to meals gave no significant benefit on PBG [37].

In a randomized control trial (RCT), 34 adults, aged 18-64 years with T2D and class
I1/111 obesity, completed the intervention after being randomized into two groups: EVOO
and EVOO+DieTBra. Significantly reduced fasting insulin levels were observed in the
group who were also consuming the DieTBra, noting that the OO intake was almost the
same between the groups. The EVOO+DieTBra groups also showed decreased BMI, weight,
serum levels of inflammatory cytokines, interleukin-1c (IL-1¢x), and adiponectin, as well as
increased tumor necrosis factor o (TNF-«x). This study concluded that EVOO+DieTBra has
a role in ameliorating the inflammatory profiles and fasting insulin levels of adults having
class II/1II obesity and T2D [38].

Interestingly, the potential efficacy of OO on glycemic management and lipid profiles
was compared to that of other vegetable oils, namely rice bran oil (RBO) [39] and palm
olein [40]. Independently of the study, no significantly different effects between OO and
the other vegetable oils were found. In the study with RBO, 10 individuals with T2D were
given 15 mL of EVOO or RBO daily for four weeks, yet changes in fasting blood glucose
(FBG), PBG, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and TG
levels were not substantially different between the two groups. In contrast, high-density
lipoprotein cholesterol (HDL-C) levels declined dramatically in both groups. [39]. In the
case of palm olein, a dietary crossover trial was conducted where 120 participants were
recruited and randomly divided into two groups (palm olein or OO). Each participant was
provided with 48 g of test oil per day. Palm olein and OO had no recognizably different
effects on body fatness or blood lipids in a healthy Chinese population [40].

Mandge et al. (2018) designed a C4-dietary oil (1,3-di-butyryl-2-oleoyl glycerol) as a
2-OG-generating fat type, which would stimulate incretin release to the same extent while
providing less calories than OO [41]. Overweight patients with T2D ingested C4-dietary oil
and that resulted in enhanced secretion of GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) to almost the same extent as OO, despite the release of both 2-OG and
oleic acid, which also may stimulate incretin secretion from OO. Thus, from this study
C4-dietary oil seems to be more effective as an incretin releaser than OO itself [41].
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Focusing more specifically on the OO minor bioactive compounds themselves, to
eventually pinpoint structure—function relationships, interesting results were found in a
crossover design in which T2D patients and healthy subjects were given either 40 g oleu-
ropein (4 mg%)-enriched chocolate by EVOO addition or 40 g control chocolate spread. The
study showed that using EVOO as a source of oleuropein administration is associated with
a modest increase or no change of glycemia in T2D and healthy subjects respectively, via
an incretin-mediated mechanism [42]. In another study (a double-blind, crossover, random-
ized controlled trial) where the same EVOO delivery vehicle was used with young healthy
subjects, results showed that a short-term (2 weeks) consumption of an EVOO-enriched
chocolate spread decreased circulating harmful sphingolipids and limited detrimental
effects on insulin sensitivity compared to a palm oil-enriched chocolate spread [43].

One of the most important targets in nutrition is to be able to prevent the onset of
non-communicable chronic diseases such as diabetes. Although previously discussed
clinical trials revealed a potential impact form regular OO intake on glycemic management
in T2D patients, the most desired effect would undoubtedly be prevention capacity. In
this perspective, several recent research studies were found to show significant effects of
fortified OO consumption on prediabetics. The results of the PREDIABOLE (PREvention of
DIABetes with OLEanolic acid) trial demonstrated that regular consumption of an oleanolic
acid (OA)-enriched OO substantially reduced the risk of developing T2D in prediabetic
patients [44]. A short-term (12 weeks) diet rich in MUFA from OO decreased hepatic fat
and improved both hepatic and total insulin sensitivity in people with prediabetes [45].

Within the PREDIMED context, promising evidence was also found among trial
participants in this dominion. In one study, Basterra-Gortari et al. (2019) showed that
a MedDiet supplemented with EVOO (1 L/wk) may delay the introduction of glucose-
lowering medications (oral or injectable) in T2D individuals [46]. In another study, elevated
baseline levels and increases in branched-chain amino acids (BCAAs) and aromatic amino
acids (AAAs) were associated with an increased risk of T2D. After one year of intervention,
a MedDiet high in EVOO (4 tablespoons/day) considerably lowered BCAA levels and
mitigated their negative effect [47].

D’Amore et al. (2016) demonstrated that, in healthy subjects, acute consumption of
polyphenol-rich EVOO was able to improve glycemia and insulin sensitivity, as well as
modulate the transcription of genes and miRNAs involved in metabolism, inflammation,
and cancer, modifying peripheral blood mononuclear cells to a less deleterious inflam-
matory phenotype [48]. In the PREDIMED trial, the results demonstrated that MedDiet
treatments enriched with nuts and EVOO regulate exosomal RNA content [51].

A trial done on healthy British men and women comparing EVOO, coconut oil, and
butter found that butter significantly increased LDL-C, TC/HDL-C ratio, and non-HDL-C
and that coconut oil significantly increased HDL-C, but there were no significant differences
on weight, fat distribution, and metabolic markers among any of the three dietary fats [49].
Another study, with a young and healthy Chinese population, compared EVOO with palm
olein and cocoa butter; unexpectedly, subjects who consumed palm olein had significantly
lower serum TG concentrations than those who consumed EVOO. All the other lipid
indices, LDL subfractions, physical indicators, glycometabolic indices, and inflammatory
indicators showed no significant differences amongst the three fats [50].

3.2. Olive Oil Effects on Cardiovascular Diseases (CVD)

The potential cardioprotective benefits of OO consumption have been demonstrated
in several studies and are summarized in Table 2 [52-89].
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Table 2. Studies examining various interventions with OO consumption and their beneficial outcomes on cardiovascular health.
Study Design Compound Intervention O.HtcomeS/ Results Reference
Biomarkers
RCT, Anthropometric and
double-blind, Ingestion of 25 mL/day f OO blood pressure EVOO decreased systolic blood pressure,
Crossover, EVOO (366 mg/kg phenolic compounds) measurements, TC, LDL,  maintained diastolic blood pressure, and 59]
subsample from EUROLIVE study ROO for 3 weeks, preceded by 2-week HDL, TG, glucose, blood  decreased ACE, NR1H2 and IL8RA gene
on 18 healthy men, washout periods pressure-related gene expression
age: 20-60 years old expression analysis
RCT, . 9 weeks, 25 mL/day intake of one of =~ Anthropometric, body EVOO consumption reduced body fat, diastolic
double blind, . . L . .
. the tested oils, EVOO or soybean oil, composition and blood blood pressure, alkaline phosphatase; increased
parallel on 41 women overweight EVOO . . . .. [60]
and obese associated with energy-restricted pressure measurements; serum creatinine; and tended to reduce IL-13
normofat diets metabolic biomarkers concentrations
age: 26-28 years old
RCT, 5 years of intervention,
parallel, multicenter, 3 groups: MedDiet with EVOO and MedDiet with nuts
PREDIMED study on 7403 high CVD EVOO MedDiet + EVOO (1 L/week), Heart failure incidence showed no significant effect on lowering heart [73]
risk patients, MedDiet + nuts (210 g/week), failure incidence
age: 55-80 years old low-fat diet
Prospective, g gfgispz.f intervention, MedDiet enriched with EVOO or nuts showed
case-cohort, EVOO MedDiet + EVOO, Plasma cer.amldes the potential to mitigate the deleterious .effects [74]
nested in the PREDIMED study on . concentration of elevated plasma ceramide concentration on
. . . MedDiet + nuts, .
980 high CVD risk patients . CVD risk
low-fat diet
;{;Z,llel multicenter, égigtrl;;mterventlon, Endothelial markers
substudy of PREDIMED on 90 high ~ EVOO MedDiet + EVOO (52 g/day), H;Z:sl:;fj in blood hfjji;eetvv‘;&fvoo or nuts reduced blood [62]
CVD risk women, MedDiet + nuts (30 g/day), Son trol P
age: 60-80 years old low-fat diet
RCT, . 1 year of intervention, LD.L atherogeplc traits: MedDiet + VOO decreased LDL atherogenicity
parallel, multicenter, . resistance against by i . . . dati
subsample of Yoo 13\)/[ gl;;)gps. VOO (1 L/week) oxidation L}];) E\creasn;g LDL re(zjslstance against oxidation, -
. edDiet + week), . J particle size and composition 5
P.REDIMED study on 210 high CVD MedDiet + nuts (210 g/week), particle size, (cholesterol-rich), and decreasing LDL oxidative
risk patients, low-fat diet composition, modifications and particles cytotoxicit
age: 58-73 years old cytotoxicity P y y
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Table 2. Cont.

Study Design Compound Intervention ](S)il(l)tr:::rr;f:r/s Results Reference
MedDiet, especially when enriched with VOO,
improved HDL atheroprotective functions;

RCT both MedDiet increased cholesterol efflux

paralllel multicenter 1 year of intervention, capacity;

subsam/p le of ! 3 groups: MedDiet + VOO decreased cholesteryl ester

PREDIMED study on 296 high CVD VOO MedDiet + VOO (1 L/week), HDL functionality transfer protein activity and increased HDL [76]

risk patients MedDiet + nuts (210 g/week), ability to esterify

age: 59_72 lears old low-fat diet cholesterol, paraoxonase-1 arylesterase activity,

& y and HDL vasodilatory capacity;
the 3 diets increased the percentage of large
HDL particles

R.CT’ 1 year of oral supplementation with Pla.te.I et membrane EVOO enriched with vitamins decreased

single-center, placebo or EVOO enriched with fluidity, . platelet membrane anisotropy, NO and

placebo study on 60 postmenopausal ~ EVOO vitamins D3, K1 and B6 Na+/K+.— A.TPane activity, peroxynitrite, and increased Na* /K*-ATPase [68]

women, 20 mL/day serum nitric .OX.lde (NO), activity

age: 50-61 years old and peroxynitrite

RCT,

double-blind,

CTOSSover, The different OO will be sequentially HDL composition, VOO. mgesthn increased HDF ﬂu.ldlty and

post hoc analyses from VOO . d (30 mL/day) during three fluidity. oxidation. size apolipoprotein A-I concentration in HDL, and

VOHEF study on FVOO 1ng§ste ( y 8 Y, 4 decreased HDL oxidative status, which are main  [80]

33 hypercholesterolemics adults FVOOT periods of 3 weeks, preceded by and cholesterol efflux determinants for cholesterol efflux capacit

yP g 2-week washout periods capaci pactty

19 men and 14 women, P pacity enhancement

TC > 200 mg/dL,

age: 35-80 years old

Case-cohort design, 1 year of intervention, Although the MedDiet interventions,

subcohort of 3 groups: supplemented with EVOO or nuts, induced

PREDIMED study on 983 high CVD  EVOO MedDiet + EVOO (50 g/day), Lipid species some significant changes in the lipidome, they ~ [77]

risk patients,
age: 61-76 years old

MedDiet + nuts (30 g/day),
low-fat diet

were not significantly associated with
subsequent CVD risk
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT, Blood lipids, faecal
double-blind, quantitative
crossover, subsample from VOHF The different OO will be sequentially  changes in microbial : .
study on 12 hypercholesterolemic Voo ingested (30 mL/day) during three populations, short chain FVO OT dec?eased ox-LDL, 1r}creased
FVOO . . bifidobacteria numbers, and increased [81]
adults, FVOOT periods of 3 weeks, preceded by fatty acids, cholesterol rotocatechuic acid levels
7 men and 5 women, 2-week washout periods microbial metabolites, p
TC >200 mg/dL, bile acids, and phenolic
age: 4667 years old metabolites
RCT,
double-blind, . . HDL fatty acids,
crossover, VOHF study on VOO ;I;lheesdtl;ffl(‘ggtn(l)]do/(\;;er)e szlc'lillien:l:\ilelz HDL antioxidant content, The FVOO and FVOOT increased HDL
33 hypercholesterolemics adults, FVOO egrio ds of 3 weeks yrece dec%b HDL monolayer fluidity, = antioxidant content, but x-tocopherol was only  [82]
19 men and 14 women, FVOOT g—week washout (,efi)o ds y HDL cholesterol efflux augmented after FVOOT
TC > 200 mg/dL, P capacity
age: 35-80 years old
RCT, . . . L . .
. . . Diet without or with 1.1 mL of Combination of OO with garlic powder
prospective on 160 patients with T2D, 00 00 . Serum cholesterol and L .
+ 500 mg of garlic powder for significantly normalized the cholesterol and TG [55]
118 men and 42 women, 3 months serum TG levels
age: 40-60 years old
VOO (124 ppm PC, 86 ppm
triterpenes), OVOO (490 ppm PC,
RCT . VOO 86 ppm triterpenes) and FOO Metabolic syndrome and VOO, OVOO, and FOO reduced the plasma
double-blind, crossover, OVOO (487 ppm PC and 389 ppm endothelial function endothelin-1 levels; [63]
NUTRAOLEOUM Study on Functional Olive triterpenes) all at (30 mL/day) were biomarkers no effect of triter e’nes was observed
51 healthy adults Oil (FOO) sequentially administered over three P '

periods of 3 weeks preceded by
2-week washout periods
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT,
parallel, multicenter, 5 years of intervention, . .
isampic NedDitsuplemened it VOO ol
PREDIMED study on 7447 high CVD EVOO MedDiet + EVOO (50 mL/day), CVD incidence - . jor car . [72]
. . . events, including acute myocardial infarction,
risk patients, MedDiet + nuts (30 g/day), stroke and death for CVD
4282 women and 3165 men, low-fat diet
age: 55-80 years old
RCT, . . . . .
arallel. multicenter 1-year increases in the consumption Increases in the consumption of VOO, nuts,
p ’ ’ of VOO (10 g/day), nuts (30 g/day), . . legumes, whole grains, and fish improved HDL
subsample of VOO . HDL functionality . ‘ [83]
. legumes (25 g/day), whole grains functions; VOO increased cholesterol efflux

PREDIMED study on 296 high CVD (25 ¢/day), and fish (25 g/day) capacit
risk patients &/ qay) g/qay pactty
Prospective, population-based study, 10-year follow up;
ATTICA study on 2020 CVD-free participants were classified into Fatal/non-fatal CVD Exclusive OO use decreased the risk of

00 . L : [52]
adults, 3 groups: no use, mixed use, and incidence developing CVD
age: 18-89 years old exclusive use of OO
RCT,
dou‘t).le—bhnd, 12 weeks of 3 g/day Resting hemodynamics OO0 supplementation reduced resting systolic
multiarm parallel study on supplementation of OO, . . .

(0] . . and muscle sympathetic and diastolic blood pressure and reduced [61]
86 healthy young adults, eicosapentaenoic nerve activit muscle sympathetic nerve activit
43 men and 43 women, acid or docosahexaenoic acid y ymp y
age: 18-30 years old
RCT, Three separate effort test sessions
Crossover, were carried out separated by 7-day
double-blind study on 7 healthy interval. During each session, . . Supplementation with EVOO increased

- Cardiorespiratory . . L .
males, participants repeated the same test, o cardiorespiratory coordination during a
. . EVOO . . coordination and . . > . [71]

active runners engaged in endurance but under different acute dietary performance progressive walking test at moderate intensity,

activities (10-14 h/week),
age: 28-36 years old,
BMI: 23.1 £ 1.7 Kg/m?

supplementation in a randomized
order: EVOO (25 mL), palm oil
(25 mL), and placebo

although it did not change performance
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
24-year follow up; OO intake was Higher OO intake was associated with lower
Follow-up study on 92,978 adults: categorized into 4 categories: CVD, coronary heart risk of coronary heart disease and CVD;
61,181 women and 31,797 men, 00 (1) never or <1/month; disease and stroke risk; in a subset of participants, higher OO intake 53]
Free of cancer, heart disease, and (2) >0 to <4.5 g/day; inflammatory and lipid was associated with lower levels of circulating
stroke (3) >4.5 to <7 g/day; and biomarkers inflammatory biomarkers and a better lipid
(4) >7g/day profile
RCT,
parallel-arm, Plasma lipids,
open label study on 48 patients with some selected
at least one classic CVD risk factor ROO Ingestion of 25 mL/day of inflammatory markers, OO consumption significantly decreased IL-6 [54]
(hypertension, dyslipidemia, or ROO or CO for 6 weeks lipoprotein-associated concentration
diabetes), phospholipase A2
44 men and 4 women, (Lp—PLAz) levels
age: 51-64 years old
RCT, TG, There were no significant differences in LDL
! 12 weeks, 3 groups: TC, LDL, HDL, non-HDL, & . .
parallel, . . levels after the consumption of a healthy diet
. . healthy diet, TC/HDL ratio, .
single-center study on 204 patients EVOO . . supplemented with EVOO or pecans; [57]
. - healthy diet + 30 mL/day EVOO, LDL/HDL ratio, . . -
with stable coronary artery disease, . . supplementing the healthy diet with pecan nuts
healthy diet + 30 g/day pecans HDL /TG ratio, . Iy .
age: 40-80 years old .. may improve other lipid profile markers
atherogenic index
Consumption of EVOO decreased significantly
Thrombosis-related red blood cell count, ESR and cortisol levels.
RCT, parameters, Consumption of ROO significantly increased
doujble.-bhnd, . EVOO Ingestion of 50 mL/day of EVOO or ESR, mean platelet V0111.me. anc} cort1§ol levels, and
preliminary study on 30 women with ROO ROO for 3 weeks inflammatory markers, reduced platelet distribution width, [67]
fibromyalgia, NO levels, neutrophil-to-lymphocyte ratio, ESR, and

age: 44-60 years old

lipid profile and
cortisol levels

fibrinogen.
No significant changes in the lipid profile,
inflammatory markers and NO levels




10 men and 10 women,
age: 25-75 years old

in random sequence, with a 1-week
washout between treatment
assignments

blood pressure were observed
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers

RCT, All EVOO, regardless of polyphenol content,
postprandial, parallel, decreased the levels of let-7e-5p; Low Phenolic
double-blind, EVOO Acute intake of 30 mL of the EVOO  Plasma miR related to Content Extra-Virgin Olive Oil [70]
subsample from VOHF study on after 12 h of fasting CVD (L-EVOO) and Medium Phenolic Content
20 healthy participants, Extra-Virgin Olive Oil (M-EVOO) increased
age: 22-60 years old miR-17-92 cluster
Cross-sectional analysis of the
P.REDIMED study on 4330 high CVD  EVOO Consumption of any category of OO
risk patients, VOO . ! .

. . and olive-pomace oil was assessed VOO (EVOO and VOO) consumption was
with an ankle-brachial pressure ROO through a validated food-frequenc ABI associated with a higher mean ABI (78]
index (ABI) <1.4 and total energy VOO mixture es ti Nnaire ! y &
intakes: 800-4000 Kcal/day for men, Olive-pomace oil 4
500-3500 Kcal/day for women
Quasi-experimental on 84 healthy Blood pressure, EVOO significantly decreased the CEC of the
men and women, TC, LDL, HDL, TG, HDL of elderly healthy subjects (to a level
age: 23-85 years old, EVOO Consumption of 25 mL/day of raw  glucose, comparable to that of young healthy subjects), [56]
divided into 2 groups: EVOO for 12 weeks CEC of HDL, and improved distribution of HDL subclasses
28 young (23—45 years) and HDL subclasses (increasing large HDL and decreasing small
56 elderly (65-85 years) distribution HDL particles)
RCT, 12 weeks, 3 groups:
parallel and unicentricstudy in healtie (si’ietg oups: There were no significant differences in plasma
149 patients with stable coronary EVOO y ey Plasma fatty acids fatty acids after the consumption of a healthy [58]

. healthy diet + 30 mL/day EVOO, . .
artery disease, healthy diet + 30 ¢ /day pecans diet supplemented with EVOO or pecans
age: 40-80 years old Y g/dayp
50 mL single dose administration of
RCT, each of 2 treatments
double-bhndf crossover study on EVOO (EVOO—189 ppm phenolic Endothelial function and EVQO ;?c.utely improved endo.thehal. funcFlon;
20 adults at risk of T2D, compounds or ROO < 20 ppm PC) no significant effects on systolic or diastolic [64]
ROO blood pressure
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT One single intake of 40 g of
sinele-blind. crossover study on EVOO-enriched chocolate or 40 g of EVOO-enriched chocolate is associated with
& . y control chocolate spread. After a Endothelial function and  increased endothelial function (increasing the
25 T2D patients, EVOO . L . . . o [65]
12 men + 13 women 10-day washout phase, participants ~ oxidative stress arterial brachial flow-mediated dilation) and
’ crossed over to take the opposite reduction of oxidative stress
age: 61-77 years-old
chocolate
Exploratory . .
crossover study on 10 patients with Each participant received 2 types of Elr; Cl(;ts};e;ﬁlé fllimij;on, EVOO, added to a single high glycemic index
T1D and EVOO high glycemic index meal: one ieasurements? and meal, significantly increased the endothelial [66]
6 healthy subjects, enriched with EVOO and one with astric empt iI,I function by increasing the arterial brachial
13 men and 3 women, butter & ptymng flow-mediated dilation
assessment
age: 20-36 year old
Prospective study on 63 patients OO intake was stratified into Platelet activation with
with severe obesity, 00 <1 time/week, and More frequent OO intake reduced [69]
age: 2440 years old, 1-3 times/week, without thrombin thrombin-induced platelet activation
BMI: 44.1 + 8.5 kg/m? >4 times/week exposure
EVOO-rich MedDiet was linked to reduced
Prospective, randomized, 2 oroups followine a MedDiet or atherosclerosis progression and lower carotid
single-blind, controlled trial in Sroups | '8 - IMT-CC, carotid plaque plaquemax height and IMT-CC while no changes
. . EVOO low-fat diet monitored at baseline . . . [84]
1002 coronary heart disease patients number and height were observed with the low-fat diet group,
. and after 5 and 7 years. . . .
analysis evidencing the MedDiet’s advantages as
secondary CVD prevention.
. 3 groups using n-6 PUFA-rich MUFA-rich OO and camellia seed oil were
Three-arm, randomized, . . . . . ..
. -1 soybean oil, MUFA-rich olive o0il, or =~ Body weight, shown to be more beneficial on the
controlled-feeding trial in 90 . . . . . . . . .
middle-aged and elderly Chinese 00 MUFA-rich camellia seed oil as cardiovascular profiles, cardiometabolic profiles as they had a role in [85]
cooking oils within traditional HDL, and AST increasing HDL-C and decreasing AST,

women at high cardiovascular risk

Chinese eating habits for 3 months

respectively.
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
The advantages of the MedDiet rich in EVOO as
a secondary CVD prevention was supported as
Kidney function by it may have a preservation role for kidney
CORDIOPREV randomized 2 groups followed a MedDiet or a determination of serum function and a reduction in estimated
controlled trial in 1002 coronary EVOO low-fat diet monitored at baseline creatinine-based glomerular filtration rate decrease in coronary [86]
heart disease patients and after 5 years estimated glomerular heart disease patients with T2D. HDL-C had a
filtration rate minimal increase in the OO group and AST was
decreased more in camellia seed oil in
comparison to the soybean oil.
. The diet that included ghee increased the fasting
Fasting plasma apo-B,
plasma Apo-B and non-HDL cholesterol.
non-HDL-cholesterol, . . .
. 1 S . Despite the non-significant differences between
A crossover, randomized trial in 30 2 groups consuming isoenergetic LDL-cholesterol, total .
. (0] the two groups on LDL-C, this study [87]
healthy participants ghee or OO for 4 weeks cholesterol: HDL- ] . .
cholesterol emphasizes the recommendation of replacing
. SFA with unsaturated fats to decrease the risk of
ratio
CVD.
The partial outpatient feeding intervention
. s . . concluded that cottonseed oil was more
A randomized trial in 2 groups consuming cottonseed oil .. S . .
. (0] . blood lipid responses effective in improving the fasting and [88]
43 hypercholesterolemic adults or OO diets for 8 weeks . 2. .
postprandial blood lipids and postprandial
glycemia in hypercholesterolemic adults.
A case-control study nested in the 3 groups: Mec'lDlet with ' ‘ Me@Dlet+EVOO group was protected agam'st
PREDIMED studv: 167 peripheral supplementation of tree nuts, Plasma amino acids and ~ peripheral artery disease regardless of baseline
Y perip EVOO MedDiet with EVOO risk of peripheral artery threonine which can be an early biomarker of [79]

artery disease cases matched with
250 controls

supplementation, or control (low-fat
diet)

disease

future disease incidences in high-risk CVD
individuals.
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Table 2. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
. Inflammatory parameters, Inflammatory parameters, carotid intima-media

f 40 ch . I ’ . S
SFUdy per ormed on 0 chronic EVOO rich in .. oxidative stress thickness (CIMT), and oxidative stress
kidney disease patients under . Participants consumed 40 mL/day of . L . . ..

. L. phenolic biomarkers, lipid and biomarkers decreased while the lipid and [89]
conservative therapy for the in vivo raw EVOO for 9 weeks . . . . L
clinical testin compounds purine metabolism, purine metabolism, atherogenic indices, and

J atherogenic indices body compositions were enhanced.

(ABI: Ankle-Brachial Pressure Index; ACE: angiotensin I-converting enzyme; Apo B: Apolipoprotein B; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CEC: Cholesterol
Efflux Capacity; CIMT: carotid intima-media thickness; CO: Canola Oil; CVD: Cardiovascular Disease; ESR: Erythrocyte Sedimentation Rate; EVOO: Extra-Virgin Olive Oil; FOO:
Functional Olive Oil; FVOO: Phenol-Enriched VOO; FVOOT: Phenol-Enriched VOO and Thyme; HDL or HDL-C: High-Density Lipoprotein-Cholesterol; IL: Interleukin; ILSRA:
Interleukin 8 receptor alpha; IMT-CC: Intima-Media Thickness of Both Common Carotid Arteries; LDL or LDL-C: Low-Density Lipoprotein-Cholesterol; L-EVOO: Low Phenolic
Content Extra-Virgin Olive Oil; Lp-PLA2: Lipoprotein-Associated Phospholipase A2; MedDiet: Mediterranean Diet; M-EVOO: Medium Phenolic Content Extra-Virgin Olive Oil; miR:
MicroRNAs; MUFA: Monounsaturated Fatty Acids; NO: Nitric Oxide; NR1H2: nuclear receptor subfamily 1, group H, member 2; OO: Olive Oil; OVOQO: Ordinary Virgin Olive Oil; PC:
Phenolic Compounds; PUFA: Polyunsaturated Fatty Acids; RCT: Randomized Control Trial; ROO: Refined Olive Oil; SFA: Saturated Fatty Acids; T1D: Type 1 Diabetes; T2D: Type 2
Diabetes; TC: Total Cholesterol; TG: Triacylglycerols; VOHF: VOO and HDL Functionality VOO: Virgin Olive Oil).
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The ATTICA Study was a prospective, population-based study conducted in Athens
involving 3042 CVD-free adults (1514 men and 1528 women) and various dietary habits,
consumption of olive oil and other fats/oils were recorded. In 2011-2012, the 10-year study
follow up was performed, recording the fatal/non-fatal CVD incidence in 2020 participants
(mean follow-up duration: 8.41 years). Interestingly, the ATTICA study found an inverse
association between exclusive OO intake and the risk of developing CVD, with fibrinogen
plasma levels showing a the most prominent mediation effect on this association [52].
Another important large cohort, analyzed two large prospective cohorts of US men and
women (n = 92,978), followed up for 24 years, and has shown that replacing margarine,
butter, mayonnaise, and dairy fat with higher OO consumption (defined as >7 mL/day
or >0.5 tablespoon/day) entailed a significantly lower risk of coronary heart disease and
CVD [53].

Additionally, other studies suggest that OO may have anti-inflammatory properties. In
patients with cardiovascular risk factors (such as hypertension, dyslipidemia, or diabetes)
referred for coronary angiography, the consumption of OO was more effective in reducing
the level of inflammatory cytokine interleukin-6 (IL-6), compared to canola oil (CO) [54].
Also, in a subset of participants, higher OO intake was associated with lower levels of
circulating inflammatory biomarkers and a better lipid profile [53].

OO can take part in the prevention and treatment of dyslipidemia in individuals
with T2D since a combination of OO with garlic powder significantly normalized the
serum cholesterol and serum TG levels in these patients [55]. Another study, performed
with elderly subjects, showed that EVOO enhanced the cholesterol efflux capacity (CEC)
of HDL-C to normal levels and prevented the age-related shifts of the distribution of
HDL-C subclasses, through an increase in large HDL-C and a decrease in small HDL-C
particles [56]. However, in patients with stable coronary artery disease, there were no
significant differences in LDL-C levels [57] nor in plasma fatty acids [58] following the
consumption of a healthy diet supplemented with EVOO or pecans.

Three studies showed that OO may be beneficial in reducing elevated blood pres-
sure [59-61]. The regular consumption of an EVOO rich in phenolic compounds (366 mg/kg
PC) by healthy individuals was found to reduce the systolic blood pressure and maintain
the diastolic blood pressure compared to pre-intervention values as well as an EVOO low in
phenolic compounds (2.7 mg/kg PC), by down regulation of the angiotensin I-converting
enzyme (ACE), nuclear receptor subfamily 1, group H, member 2 (NR1H2) and Interleukin
8 receptor alpha (ILSRA) gene expressions, blood pressure-related genes involved in the
renin—angiotensin—-aldosterone system [59]. In a randomized controlled trial, daily con-
sumption of the same amount of EVOO (25 mL/day) associated with an energy-restricted
Western diet, for nine weeks, decreased the diastolic blood pressure and reduced body fat
in overweight women [60]. Moreover, OO supplementation (3 g/day) reduced the resting
systolic and diastolic blood pressure in young healthy men and women [61]. It also reduced
muscle sympathetic nerve activity, which is linked to left ventricular hypertrophy, insulin
resistance, and arrhythmogenesis when elevated [61].

Regarding blood pressure control, a MedDiet supplemented with EVOO for one year
was shown to reduce both systolic and diastolic blood pressure values in women with
moderate hypertension [62].

OO, rich in polyphenols, can also improve endothelial function. Three VOOs, differing
in their bioactive compound (PC and triterpenes) contents (PC varied between 124 and
490 mg/kg and triterpenes varied between 86 and 389 mg/kg), were given to healthy adults;
plasma endothelin-1 levels, an endothelial function biomarker linked to the development of
hypertension, were reduced [63]. One study with adults at risk of T2D (either prediabetes
or with metabolic syndrome) showed that the acute ingestion of high-polyphenolic EVOO
(189 ppm biophenols) improved endothelial function, and therefore reduced the cardio-
vascular risk of the subjects, unlike refined OO (ROO) without polyphenols [64]. These
findings were confirmed by two other studies reporting that EVOO, added to chocolate [65]
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or to a single high glycemic index meal [66], significantly increased the endothelial function
and lowered the risk of CVD in T2D [65] and T1D patients [66].

The consumption of OO may have antithrombotic properties. Both EVOO and ROO
intake improved several cardiovascular risk markers [lower red blood cell count, decreased
erythrocyte sedimentation rate (ESR), and increased mean platelet volume] in patients
with fibromyalgia [67]. Furthermore, it has been found that oral supplementation for
one year with EVOO enriched with vitamins (K1, D3, and B6) could be a useful tool to
prevent ischemic stroke because it reduced platelet aggregation among post-menopausal
women [68]. Also, a more frequent OO intake was associated with lower platelet activation
in obesity thus reducing CVD risk [69].

A recent study investigated the effect of EVOO with different polyphenol content on
the postprandial modulation of cardiovascular-related microRNAs (miR) related to CVD.
Twelve healthy participants consumed 30 mL of EVOO containing low (L-EVOO; 250 mg
total phenols kg ! of oil), medium (M-EVOO; 500 mg total phenols kg ! of oil), and high
(H-EVOO; 750 mg total phenols kg ~! of oil) enriched EVOOs. During the postprandial state,
the levels of let-7e-5p decreased with EVOO regardless of polyphenol content, suggesting a
general response to the fatty acid composition of EVOO; the miR-17-92 cluster increased
by low and medium polyphenol content, suggesting a role in fatty acid metabolism and
nutrient sensing. Thus, postprandial modulation of circulating microRNAs levels could be
a potential mechanism for the cardiovascular benefits associated with EVOO intake [70]. In
another study it was proposed that an acute dietary supplementation with EVOO increased
runners’ cardiorespiratory coordination during a progressive walking test at moderate
intensity, although it did not change performance or other physiological markers [71].

In the PREDIMED study, where the effects of the MedDiet on the primary prevention
of CVD, were assessed, a total of 7447 Spanish men (aged 55-80 years old) and women (aged
60-80 years old) without diagnosis of CVD but at high cardiovascular risk were enrolled,
assigned to one of the three nutritional intervention groups—MedDiet supplemented with
EVOO, MedDiet supplemented with nuts, or a low-fat control diet—and were followed up
for a median of 4.8 years. The main findings of the trial showed that, in comparison to the
low-fat control diet, the MedDiet supplemented with either EVOO or with nuts significantly
reduced the incidence of major cardiovascular events, including acute myocardial infarction,
stroke, and death for cardiovascular cause [72]. On the other hand, no effect on heart failure
risk (lowering capacity) was noted for these diets. However, this study may have been
underpowered to provide valid conclusions and further trials are needed to better assess
the effect of the MedDiet on heart failure risk [73].

In another study, nested in PREDIMED, the association between plasma ceramides,
the risk of CVD, and the MedDiet was investigated. The results showed a strong positive
association between plasma ceramide concentrations and CVD risk. It was also shown that
the MedDiet may mitigate the potential deleterious effects of elevated plasma ceramide con-
centrations on CVD. These findings suggest that plasma ceramides may serve as markers
of future CVD risk in clinical practice and strengthen the evidence of the cardioprotective
effect of the MedDiet [74].

Hernaez et al., in two different substudies from the PREDIMED trial, showed that
one year of adherence to a MedDiet enriched with VOO converts LDL particles into
less atherogenic ones and improves several HDL functions (CEC, cholesterol metabolism,
antioxidant/anti-inflammatory properties, and vasodilatory capacity) in individuals at high
cardiovascular risk. The development of less atherogenic LDL and improved HDL functions
could contribute to explaining some of the cardioprotective benefits of the MedDiet [75,76].
Indeed, the authors have shown that adherence to a traditional MedDiet, particularly
when enriched with VOO, decreased LDL atherogenicity in high CVD risk individuals [90].
Another study, also by Hernaez et al. [90], reported that increases in the consumption of
VOO, nuts, legumes, whole grains, and fish, achievable through a regular diet, may lead
to relevant improvements in HDL functions in high cardiovascular risk subjects. These
results confirm the beneficial effects of VOO, nuts, and fish in HDL function and describe
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for the first time an association between incrementing the consumption of legumes and
whole grains and improvements in the HDL function, reinforcing the idea that a healthy
diet may promote HDL functionality.

A case-cohort design, within PREDIMED, revealed that MedDiet interventions, supple-
mented with EVOO or nuts, for one year induced some significant changes in the lipidome
although they were not significantly associated with subsequent CVD risk. It was also
observed that, at baseline, lipid metabolites with a longer acyl chain and a higher number
of double bonds were significantly and inversely associated with the risk of CVD [77,78].

A recent cross-sectional analysis aimed to ascertain the relationship between OO
intake and ankle-brachial index in a Mediterranean population at high cardiovascular risk.
The ankle-brachial index is recommended as a non-invasive tool for the screening and
diagnosis of peripheral artery disease. The results suggested that the consumption of VOO
promoted a better ankle-brachial index, instead of other OO categories or olive-pomace oil,
which may be beneficial for peripheral artery disease prevention [78].

In a case-control study nested in the PREDIMED study, 167 peripheral artery disease
cases were matched with 250 controls. Participants in the MedDiet+EVOO group were
protected against peripheral artery disease regardless of baseline threonine which can be
an early biomarker of future disease incidences in high-risk CVD individuals [79].

The VOO and HDL Functionality (VOHF) study is a randomized, controlled, double-
blind, crossover clinical trial with 33 hypercholesterolemic volunteers, aged 35-80 years.
For 3 weeks, preceded by a 2-week washout period, participants ingested 25 mL/day of
three VOOs differing in the PC concentration and origin: a VOO naturally containing
80 ppm PC (VOO), a phenol-enriched VOO containing 500 ppm PC from OO (FVOO),
and a phenol-enriched VOO containing 500 ppm PC from OO and thyme (FVOOT). Post
hoc analyses from the VOHF study found that VOO ingestion increased HDL monolayer
fluidity, increased apolipoprotein A-I concentration, and decreased HDL oxidative status,
which are main determinants with CEC enhancement, which, in turn, is inversely associated
with cardiovascular risk. This work points out new targets to ameliorate HDL function
through nutritional interventions [80].

In a subsample of 12 hypercholesterolemic adults, from the VOHF study, the inges-
tion of FVOOT decreased blood oxidized-LDL (ox-LDL) concentrations [81]. In another
VOHEF study, both phenol-enriched OO (FVOO and FVOOT) increased HDL antioxidant
content, but a-tocopherol, the main HDL antioxidant, only increased after the FVOOT
intervention [82]. These results indicate that OO enriched with PC could be a useful dietary
tool to obtain an additional protective effect against the atherosclerotic process in high
cardiovascular risk individuals.

All these results highlight the clinical importance of OO consumption in CVD preven-
tion and provide further evidence for health policy makers to design appropriate dietary
strategies for the general population.

Jimenez-Torres et al. (2021) reported one secondary outcome of the CORDIOPREV
study (Coronary Diet Intervention with Olive Oil and Cardiovascular Prevention) which
aimed to compare two healthy dietary patterns and their effects on the heart [84]. In a
randomized controlled trial, 939 participants completed the Intima-media thickness of both
common carotid arteries (IMT-CC) evaluation at baseline and after 5 and 7 years besides
the carotid plaque number and height analysis. Participants were randomly divided into
two groups: Mediterranean diet (35% fat, 22% MUFA, <50% carbohydrates) and low-fat
diet (28% fat, 12% MUFA, >55% carbohydrates). The intake of EVOO rich MedDiet was
linked to reduced atherosclerosis progression as opposed to a low-fat diet. The MedDiet
lowered the carotid plaque max height and IMT-CC, noting that the latter was reduced at
5 years and maintained at 7 years, while no changes were observed after consuming the
low-fat diet, supporting the MedDiet’s advantages in terms of secondary cardiovascular
prevention.

Further trials, conducted within the framework of the CORDIOPREV study, have
also supported the advantages of the MedDiet rich in EVOO as a secondary CVD pre-
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vention. This diet may have a preservation role for kidney function and a reduction in
estimated glomerular filtration rate decrease in coronary heart disease patients with T2D,
in comparison to the low-fat diet rich in complex carbohydrates [86].

Marrone et al. (2022) also studied the possible cardioprotective effects of EVOO rich
in phenolic compounds in 40 chronic kidney disease patients under conservative therapy
for the in vivo clinical testing by consuming 40 mL/day of raw EVOO for 9 weeks [89]. At
the end of the study, inflammatory parameters, CIMT, and oxidative stress biomarkers de-
creased while the lipid and purine metabolism, atherogenic indices, and body compositions
were enhanced [89].

The previously mentioned studies have experimented the benefits of OO on health,
nevertheless, it is also important to compare the effects of MUFA, in the form of OO, and
PUFA. Wu et al. (2022) explored this difference among middle-aged and elderly Chinese
women at high cardiovascular risk, in a 3-month, randomized, controlled-feeding trial [85].
Ninety participants were randomized into 3 groups: diets using n-6 PUFA-rich soybean
oil, MUFA-rich OO, and MUFA-rich camellia seed oil as cooking oils and as part of the
traditional Chinese eating habits, consuming only the food given for lunch and dinner while
refraining from taking edible oils for breakfast. No significant difference in body weight
change among the three groups was noted. However, HDL-C had a minimal increase
in the OO group and AST was more decreased in the camellia seed 0il in comparison to
the soybean oil. The study showed that MUFA-rich OO and camellia seed oil were more
beneficial on the cardiometabolic profiles as compared to the n-6 PUFA-rich soybean oil.

A crossover, randomized trial, studied the cardiovascular health-related effects of
isoenergetic included ghee or OO for 4 weeks in 30 healthy participants. The diet that
included ghee increased the fasting plasma Apo-B and non-HDL cholesterol. Despite the
nonsignificant differences between the two groups on LDL-C, this study emphasizes the
recommendation of replacing SFA with unsaturated fats to decrease the risk of CVD [87].

Prater et al. (2022) conducted a randomized trial aimed to examine the blood lipid
responses in 43 hypercholesterolemic adults after consuming enriched cottonseed oil (rich in
PUFA) or OO (rich in MUFA) diets for 8 weeks [88]. It was concluded that the cottonseed oil
was more effective in improving the fasting and postprandial blood lipids and postprandial
glycemia in hypercholesterolemic adults. However, it is important to note that this study
was a partial outpatient feeding intervention. The meals and snacks provided consisted
of 60% of daily energy needs of which 30% came from cottonseed oil or OO. Additionally,
pre- and post-diet interventions consisted of a high SFA meal (35% of total energy needs;
70% of energy from fat). This study did not use an EVOO, but a standard OO which did
not include polyphenols’ bioactive properties known to lower the risk for cardiovascular
diseases.

3.3. Olive Oil as an Antioxidant Vehicle

Many chronic diseases are a consequence of oxidative stress and inflammation trig-
gered by increased oxidative stress. Accumulating evidence highlights the protective role
that OO may play against such mechanisms and many studies described in Table 3 sup-
port the antioxidant and anti-inflammatory beneficial effects of OO in humans [65,91-100].
Many of these benefits are closely related to the content in PC of the OO consumed; in
fact, most of the clinical trials performed over this period use EVOO, naturally rich in PC.
Nonetheless, other bioactive compounds found in OO have also been implicated and their
effect studied, such as triterpenes [97].

For example, the consumption of EVOO rich in PC improved metabolic control and
circulating inflammatory adipokines profile in overweight T2D patients, by significantly
reducing fasting plasma glucose, glycated hemoglobin (HbAlc), BMI, and body weight as
well as reducing serum levels of AST, ALT, and visfatin [91]. Similarly, a case study with
only T2D female patients, revealed thar OO consumption significantly reduced C-reactive
protein (CRP) levels, thus reducing inflammation and oxidative stress which could improve
diabetes complications [92].
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Table 3. Studies examining various interventions with OO consumption and their beneficial outcomes, consequence of OO’s antioxidant properties.

Study Design Compound Intervention ](B)il:)tr::)alrr;f:r/s Results Reference
RCT, . 5 years of intervention, .. e MedDiet + EVOO and MedDiet + nuts
parallel-group, multicenter, from the 3 groups: Antioxidant capabilities decreased xanthine oxidase activity and
PREDIMED study on 75 metabolic EVOO MedDiet + EVOO (50 g/day), and xanthine oxidase increased superoxide dismutase ar}:d catalase [93]
syndrome patients, MedDiet + nuts (30 g/day), activity pero> R
age: 55-80 years old low-fat diet levels and antioxidant activities
Anthropometric
. . parameters, fasting
Ezﬁ iﬁgﬁgigﬂjﬁ ?;E)r‘(/jv:;gcl;;;r;d 8 weeks: intake of ROO (25 mL/day) plasma glycaemia,
atients ROO for the first 4 weeks (wash-out HbAlc, CRP, plasma lipid HP-EVOO consumption reduced fasting
};men a]’n d 4 women HP-EVOO period) followed by intake of profile, glucose, HbAlc, BMI, body weight, AST, ALT, [91]
g HP-EVOO (25 mL/day) for the rest liver function, and and visfatin
mean age: 64.63 & 8.52 years old,
. . of 4 weeks serum levels of TNF-«,
diabetes duration <10 years . . e
adiponectin, IL-6, visfatin,
apelin
RCT, Height, weight,
parallel group, single-center study 8 weeks, waist circumference, s .
on 77 T2D women, 00 3 groups: balanced diet + 30 g/day  fasting blood sugar, ggP lreox;elswas reduced significantly in OO and [92]
age: >50 years old; of OO or CO or SFO serum insulin, CRP, group
mean BMI 28 kg /m? MDA
fgg&iﬁrxesitu}i};ggese subjects Lactic acid bacteria MedDiet rich in HQ-EVOO increased lactic acid
edDiet enriched wit ay o composition, oxidative acteria numbers, decreased oxidative stress
(BMI > 251% /m?2) +18 ni)rmal HQ-EVOO MedDiet enriched with 40 g/day of positi idati bacteri bers, d d oxidati [95]
- & HQ-EVOO for 3 months stress, metabolic and and inflammation parameters, and increased

weight controls

(BMI 18.5-24.9 kg/m?) inflammation parameters  adiponectin and IL-10 concentrations

Urinary 8-hidroxy-2'-deoxyguanosine, plasma

RCT . VOO Voo, OVOOAand FOO. GO mL/day) . IL-8 and TNF-« were lower after the
double-blind, crossover, were sequentially administered over =~ Oxidative and . . .

OvOO . . . intervention with the FOO than after the OVOO. [97]
NUTRAOLEOUM study on three periods of 3 weeks preceded by  inflammatory biomarkers. . . -

FOO . IL-8 was lower after the intervention with FOO
51 healthy adults 2-week washout periods . .

than after VOO intervention.

RCT, LPS, Apo-B48, ox-LDL
crossover on 30 patients with IFG, EVOO Taking a meal with or without 10 g sNoIXZ—IZI la’sma ’ EVOO significantly decreased LPS, ox-LDL, [98]
17 men + 13 women, of EVOO b, p sNox2-dp and plasma polyphenols

mean age: 58 years-old polyphenols
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Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT, Four-week supplementation of n-3 Global and gene-specific
double-blind, . PUFA (5.7 g/day) or EVOO (PPARGCIA, IL6 anc.l EVOO decreased the methylation of the gene
crossover study on 8 male trained EVOO (6 g/day), followed by a four-week ~ TNF) DNA methylation, encodine TL-6 and the expression of DNMT1 [99]
cyclists, washout and crossover to the other and DNMT1 mRNA & p
age: 3445 years-old supplement expression
High Polyphenol

RCT Extra-Virgin Olive . .
double-blind, crossover, Oil (HPOO—320 Consumption of 60 mL/day of Anthropometric After HPOO consumption it was observed a

HPOO or LPOO for 3 weeks. parameters, L. . .
OLIVAUS study on 43 healthy mg/kg PC) . . reduction in ox-LDL and CRP and an increase in

) Following a 2-week wash-out period, TAC, . [94]
Australian adults, Low Polyphenol - TAC, although there were no significant
i o . participants crossed-over to the plasma oxLDL, .
age: 38.5 & 13.9 years old, Extra-Virgin Olive alternate treatment CRP differences between treatments
66% females Oil (LPOO—86
mg/kg PC)
RCT One single intake of 40 g of
single-blind, crossover study on EVOO-enriched chocolate or 40 g of . . EVOO-enriched chocolate is associated with
. control chocolate spread. After a Endothelial function and . ) : .

25 T2D patients, EVOO .. 1 increased endothelial function and reduction of  [65]

10 days washout phase, participants  oxidative stress . .
12 men + 13 women, . oxidative stress (decreasing sNox2-dp)

crossed over to take the opposite
age: 61-77 years-old

chocolate

Weight, BMI, waist
RCT 52 days, during which participants circumference. TG, TC,
double-blind study on 62 patients Y & p P LDL, HDL, Very EVOO significantly decreased waist
. . . EVOO consumed 25 mL/day of EVOO or . ; . . . . [100]

with major depression, SFO Low-Density Lipoprotein  circumference and significantly increased HDL
age: 18-65 years-old Cholesterol (VLDL),

MDA, CRP
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Table 3. Cont.

Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers

DieTBra+EVOO was able to significantly

decrease the total leukocytes and LMR. DieTBra
showed a minimal decrease in
neutrophil-to-lymphocyte ratio. EVOO and [96]
DieTBra interventions decreased CRP. It was

also noted that the total leukocytes and LMR

were similarly reduced in all groups.

Inflammation profiles,
neutrophil-to-
lymphocyte ratio, LMR,
leukocytes, and CRP

2 groups: nutritional EVOO and
EVOO DieTBra+EVOO followed for
12 weeks

RCT in 149 severely obese
individuals aged 18-65 years

(ALT: Alanine Aminotransferase; Apo B-48: Apolipoprotein B-48; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CO: Canola Oil; CRP: C Reactive Protein; DieTBra:
Traditional Brazilian Diet; DNMT1: DNA Methyltransferase-1; EVOO: Extra-Virgin Olive Oil; FOO: Functional Olive Oil; Hbalc: Glycated Hemoglobin; HDL or HDL-C: High-Density
Lipoprotein-Cholesterol; HP-EVOO: High-Polyphenol Extra-Virgin Olive Oil; HPOO: High Polyphenol Extra-Virgin Olive Oil; HQ-EVOO: High Quality EVOQO; IFG: Impaired Fasting
Glucose; IL: Interleukin; LDL or LDL-C: Low-Density Lipoprotein-Cholesterol; LMR: Lymphocyte-to-Monocyte Ratio; LP-EVOO: Low-Polyphenol Extra-Virgin Olive Oil; LPOO: Low
Polyphenol Extra-Virgin Olive Oil; LPS: Lipopolysaccharides; MDA: Malondialdehyde; MedDiet: Mediterranean Diet; mRNA: messenger RNA; OO: Olive Oil; OVOOQO: Ordinary Virgin
Olive Oil; Ox-LDL: Oxidized-LDL; PUFA: Polyunsaturated Fatty Acids; RCT: Randomized Control Trial; ROO: Refined Olive Oil; SFO: Sunflower Oil; sNox2-dp: Soluble NADPH
oxidase 2-Derived Peptide; T2D: Type 2 Diabetes; TAC: Total Antioxidant Capacity; TC: Total Cholesterol; TG: Triacylglycerols; TNF-«: Tumor Necrosis Factor Alpha; VLDL: Very Low
Density Lipoprotein Cholesterol; VOO: Virgin Olive Oil).
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In terms of enzymatic activity modulation, it was shown that in metabolic syndrome
patients, from the PREDIMED cohort, a MedDiet supplemented with EVOO significantly
decreased xanthine oxidase (an enzymatic source of reactive oxygen species (ROS)) activity
and increased superoxide dismutase and catalase activities, which are key enzymes in
the cell’s antioxidant system [93]. Within the same alignment, Luisi et al. [95] found
that myeloperoxidase and 8-hydroxy-2-deoxyguanosine (markers of inflammation and
oxidative stress), TNF-«, and IL-6 (proinflammatory cytokines) were significantly decreased
in both normal weight and overweight/obese subjects who used high-quality EVOO
(HQ-EVOO containing 365 mg/kg PC of which 2.65 mg/kg tyrosol and 2.37 mg/kg
hydroxytyrosol) as the only cooking and dressing fat within a typical Mediterranean diet
for 3 months [95].

With a special focus on the impact of PC, the more recent OLIVAUS double-blind
crossover trial was conducted on 50 Australian individuals who were randomly divided
and asked to consume 60mL/day extra-virgin high polyphenol OO or low polyphenol OO
for a period of three weeks. Individuals were crossed over to the alternative treatment after
a 2-week wash-out period. Although the results did not support significant differences
between the two treatment groups the intake of high polyphenol (320 mg/kg) OO proved
the antioxidant and anti-inflammatory effects of the OO which were more visible in those
individuals with high cardiometabolic risk—there was a significant within-group reduction
in plasma ox-LDL and CRP and an increase in plasma total antioxidant capacity (TAC) [94].

Longhi et al. (2021) studied, in an RCT, the effects of some nutritional interventions
on the inflammatory biomarkers of 149 severely obese participants, aged between 18 and
65 years old, which were randomly separated into three groups: 52 mL/day of EVOO,
DieTBra, and DieTBra plus 52 mL/day of EVOO [96]. DieTBra + EVOO was able to decrease
significantly the total leukocytes and lymphocyte-to-monocyte ratio (LMR). DieTBra alone
showed a minimal decrease in the neutrophil-to-lymphocyte ratio. EVOO and DieTBra
interventions decreased CRP. It was also noted that the total leukocytes and LMR were
similarly reduced in all groups.

More recently, other bioactive molecules found in OO have been implicated in the
antioxidant potential of OO, namely OO triterpenes, which have been associated with
decreasing DNA oxidation and plasma inflammatory biomarkers. In order to provide a
better understanding of the impact of triterpenes in OO on antioxidant stress biomarkers
Sanchez-Rodriguez and co-authors performed the NUTRAOLEUM trial with 51 healthy
adults. The results revealed that OO enriched with triterpenic acids lowered urinary 8-
hydroxy-Z’ -deoxyguanosine, plasma IL-8, and TNF-« concentrations, compared to the OO
with less triterpenic acids [97].

Researchers have also looked into other antioxidant stress biomarkers to try to pinpoint
OO role in management of associated diseases. For example, Loffredo et al. (2021) used
soluble Nox2-derived peptide (sNox2-dp) levels to show the antioxidant potential of
EVOO-enriched chocolate consumption by T2D patients—the levels were substantially
decreased [65].

In a different setting, individuals with IFG who received a meal supplemented with
10 g of EVOO exhibited a noticeable reduction in post-prandial lipopolysaccharides (LPS).
Patients who did not receive EVOO, however, had significantly higher levels of serum
oxidative indicators such as sNox2-dp, LPS, Apo B-48, and ox-LDL. The decrease in LPS
indicates that EVOO may affect chylomicron production and consequently LPS translo-
cation from the gut, mitigating the oxidative stress-related inflammation characteristic of
post-prandial phase [98].

A clinical intervention trial in trained male cyclists demonstrated that supplementa-
tion with 6 g/day EVOO decreased the methylation of the gene encoding IL-6 and the
expression of DNA methyltransferase-1 (DNMT1). Therefore, there is a potential for di-
etary supplementation with EVOO to prevent the exercise-induced inflammation via the
modulation of DNA methylation [99].
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On the other hand, a recent trial, performed on patients with depression who con-
sumed 25 mL/day of EVOO and SFO, showed no results on inflammation or oxidative
stress biomarkers. Nonetheless, EVOO significantly decreased waist circumference and sig-
nificantly increased HDL-C without the need for administration of a low-calorie diet [100].

These findings demonstrate the preventive antioxidant and anti-inflammatory poten-
tial effects of OO on healthy individuals, especially patients which are mostly in need for
primary prevention initiatives.

3.4. Olive Oil Effects on Mental Health and Neurodegenerative Diseases

Pharmacological and psychological interventions are common strategies used to treat
and prevent the risk of mental and neurodegenerative diseases. Besides these, other
interventions based on lifestyle changes, like diet, physical activity, or alcohol and drug
limitations, can also help the treatment of these diseases [101]. Diet has emerged as an
important modifiable risk factor, and several studies have investigated the role of OO on
cognitive performances and psychological health, suggesting it may have a neuroprotective
effect [102]. Table 4 describes the main clinical studies that have been performed recently
with OO and its impact on mental health and neurodegenerative protection [103-110].

In their one-year study on the impact of the MedDiet, Mazza et al. (2018) showed
that the inclusion of a low dose (20-30 g/day) of EVOO resulted in a high improvement
of cognitive functions among elderly individuals (aged > 65 years), suggesting that a
change in the quality of vegetable oils would improve cognitive functions better than the
quantity, since EVOO (280 mg/kg PC; <0.8% acidity) is the best quality oil [103]. Still
within dietary patterns, but in the context of the DieTBra, an RCT that was performed with
individuals with severe obesity revealed that the traditional DieTBra and EVOO, alone or
in combination, resulted in a significant reduction of anxiety and depression symptoms in
this specific population group [104].

Another study highlighted the potential beneficial effect of OO on the cognitive func-
tion of women with HIV, increasing their attention/concentration scores by 4.2 points [105].

Two studies were performed within the Greek population with people with mild
cognitive impairment. Results showed that the consumption of high-phenolic early-harvest
EVOO lead to a significant improvement in cognitive function [106], reduced the over
excitation of information flow in spontaneous brain activity, and increased brain flexibility
after 12 months [107].

Two other studies, by Tzekaki et al. (2021), suggested that EVOO could be considered
as a therapeutic strategy against Alzheimer’s disease (AD). The administration of EVOO in
mild cognitive impairment patients for 1 year resulted in an increase of the neuroprotective
protein BMI1 and a decrease of p53, of AD biomarkers (tau, p-tau, Af1-40, AB1-42, and
AP1-42/A[-40 ratio), and of fibrinolytic system factors (PAI-1, x2AP, and tPA), assumed
to be involved in AD pathophysiology. Also, oxidative stress and inflammatory responses
were reduced [108,109].

Kaddoumi et al. (2022) performed a randomized, controlled trial on 25 mildly cog-
nitively impaired participants, where the daily consumption of 30 mL/day of EVOO
(1200 mg/kg total phenols) for 6 months significantly ameliorated the clinical dementia
rating and behavioral scores, enhanced the functional connectivity, and decreased the
blood-brain barrier permeability. The group that consumed ROO over the same period,
however, did not have changes in the blood—brain barrier permeability and brain connec-
tivity. The clinical dementia rating and the functional brain activation to memory tasks
in cortical regions related to cognition and perception were improved. It was concluded
that both ROO and EVOO are beneficial, with the latter having additional effects due to its
bioactive phenolic content (mainly oleocanthal and oleacein) [110].
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Table 4. Studies on various interventions with OO consumption and their beneficial outcomes on mental health and neurodegenerative diseases.
Study Design Compound Intervention ](B)il:)tr::)arrrif:r/s Results Reference
e 1 year, MedDiet + EVOO resulted in a higher
5211?615 0 :;cj:rly individuals, EVOO 2 groups: MedDiet + EVOO Cognitive functions improvement of cognitive functions, compared  [103]
gec =0y (20-30 g/day) and control MedDiet with MedDiet alone
RCT, 12 weeks of intervention,
parallel on 129 adults with severe 3 groups: Anxiety and DieTBra and EVOO, alone or in combination,
obesity, EVOO DieTBra, de restZion resulted in a significant reduction of anxiety and  [104]
age: 18-65 years old, EVOO (52 mL/day) and p depression symptoms
BMI > 35 kg /m? DieTBra + EVOO (52 mL/day)
Evaluation within 18 months,
Cross-sectional analysis of 00 women were divided into those who  Cognitive OO increased their attention/concentration [105]
166 women aging with HIV reported using OO and those who performance scores
did not
RCT, High-Phenolic Early
B gﬁf]‘fgf"tra'vngm 1 year of intervention, Cognitive functions, ~ HP-EH-EVOO or MP-EVOO was associated
dofble-blin ci (HP-EH-EVOO) 3 groups: HP-EH-EVOO Apolipoprotein E with significant improvement in cognitive [106]
/ . . . (50 mL/day), MP-EVOO (APOE-4) (risk gene function compared to MedDiet, independent of
MICOIL study on 60 patients with Moderate-Phenolic y & b P
. R . - . .. (50 mL/day) and MedDiet for AD) the presence of APOE-4
mild cognitive impairment, Extra-Virgin Olive Oil
age: 60-80 years old (MP-EVOO)
RCT,
prospective, 1 . .
o year of intervention, Spontaneous Elec- I . .
longltu_cllr}al, HP-EH-EVOO 3 groups: HP-EH-EVOO troencephalography Reduced the over e?<c1tat¥o¥1 of qurmatlon flow
double-blind, MP-EVOO (50 mL/day), MP-EVOO (EEG) dynamic in spontaneous brain activity and increased [107]
MICOIL study on 43 patients with Y . Y . brain flexibility
. o : (50 mL/day) and MedDiet connectivity
Mild Cognitive Impairment,
age: 60-80 years old
RCT,
prospective, BMI1, p53,
longitudinal, 1 year of intervention, AD biomarkers (tau, The administration of EVOO resulted in an
double-blind, EVOO 2 groups: with EVOO (50 mL/day) p-tau, AB1-40, increase of BMI1 and a decrease of p53 and AD  [108]

MICOIL study on 80 patients with
Mild Cognitive Impairment,
age: 64-80 years old

and without EVOO

APB1-42 and
AB1-42/ AB-40 ratio)
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Table 4. Cont.
Study Design Compound Intervention O.utcomeS/ Results Reference
Biomarkers
RCT,
{);rol;}i)tic(;ii;fa’l 1 year of intervention, Fibrinolytic system
double-blind EVOO 2 groups: with EVOO (50 mL/day) Zicéotr; A(;)Al_l’ a2AP L}Euii?;rgigflﬂn i;i\liotl%re:r?étﬁgia [109]
MICOIL study on 84 patients with and without EVOO ! ! ! ’
. i . MDA
Mild Cognitive Impairment,
age: 65-80 years old
Clinical dementia
rating, behaYloral Daily consumption of EVOO significantly
scores, functional . .. ; .
. . . . .. ameliorated the clinical dementia rating and
6 months of intervention with a daily ~ connectivity, blood ) .
. . . behavioral scores, enhanced the functional
RCT on 25 mild cognitive impaired EVOO intake of 30 mL/day of EVOO brain barrier connectivity, and decreased the blood-brain
& P (1200 mg/kg total PC; 13 connectivity and Y [110]

participants ROO

participants) or ROO (no PC; 12

participants)

permeability, brain
function, cognitive
function, and
Alzheimer’s disease
blood biomarkers

barrier permeability. It was concluded that both
ROO and EVOO are beneficial with the latter
having additional effects due to its bioactive
phenolic content.

BMI: Body Mass Index; DieTBra: Traditional Brazilian Diet; EVOO: Extra-Virgin Olive Oil; HP-EH-EVOO: High-Polyphenol, Early Harvest Extra-Virgin Olive Oil; HQ-MP-EVOO:
Moderate-Polyphenol Extra-Virgin Olive Oil; OO: Olive Oil; PC: Phenolic compounds; RCT: Randomized Control Trial; ROO: Refined Olive Oil.
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All these studies imply that OO, a completely natural product, can be used in clinical
protocols as complementary treatment of cognitive impairments, anxiety, and depression.
These interventions can be applied on a large scale to deal with these mental health impair-
ments, considering the lack of adverse effects and the relative easiness of OO inclusion in
the dietary routine.

3.5. Olive Oil’s Effects on Gut Microbiota

Gut microbiota are a key factor in driving metabolic activities and is involved in the
regulation of host immunity. Modification of gut microbiota composition is associated
with increased risk of metabolic and immune disorders in humans [111]. High-fat and
high-sugar diets may alter intestinal microbiota causing modifications responsible for some
of the medical disorders observed in metabolic syndrome [112]. In the intestine, OO PC can
interact with the gut microbiota population and potentially influence the oxidative status
of intestinal barrier, inflammation, and the immune response of the host [113]. Despite
the significant impact that dietary gut microbiota modulation may play, studies looking
into the potential of OO specificity are still at early stages of development. The six clinical
trials that have been performed over the period under scrutiny essentially supported the
potential prebiotic effect that PC may play.

Within the previously discussed VOHF study (12 hypercholesterolemic adults: 7 men
and 5 women, reporting TC > 200 mg/dL, age: 46-67 years old) it was shown that the
ingestion of VOO (30 mL/day), enriched in a mixture of OO and thyme PC, decreased
blood ox-LDL concentrations, and increased the numbers of bifidobacteria and the levels
of protocatechuic acid, a phenolic microbial metabolite with antioxidant activities, thus
contributing to a cardio-protective effect. The specific growth stimulation of bifidobacteria
in the human gut suggested for the first time a potential prebiotic activity of such a PC-
enriched VOO [81].

In their study concerning the MedDiet, already presented in the previous Section 3.3,
Luisi et al. (2019) further demonstrated that enrichment with HQ-EVOO (40 g/day for
3 months) induced an increase in the numbers of lactic acid bacteria found in the gut micro-
biota profile, where their probio-active cellular substances could produce beneficial effects
in the gastrointestinal tract [95]. Recall that decreased oxidative stress and inflammation
parameters, and increased adiponectin and IL-10 concentrations were also observed, as
previously discussed.

On a more specific note, considering a particular target population group, the sustained
consumption of EVOO (50 mL/day for 12 weeks) by HIV (human immunodeficiency virus)-
infected patients between 50 and 75 years of age has a beneficial effect associated with a
significant increase in alpha-diversity of intestinal microbiota in males [114]. A decrease in
total cholesterol was also observed.

Besides preventive modulation, EVOO may also be used in the treatment of gas-
trointestinal disorders. For example, Morvaridi et al. (2020) showed in their single-blind
crossover study involving 32 ulcerative colitis patients aged 18-65 years old and a BMI
between 18.5 and 35 kg/m?, that EVOO could have an important beneficial role in the treat-
ment of ulcerative colitis, an immune-mediated disease, which causes inflammation in the
gastrointestinal tract [115]. Indeed, after EVOO intake (50 mL/day), inflammatory markers
(ESR and CRP) and gastrointestinal symptoms (bloating, constipation, fecal urgency, and
incomplete defecation) were significantly reduced in ulcerative colitis patients.

On the other hand, in a double-blind RCT, the intake of EVOO (25 mL/day for 9 weeks),
associated with energy-restricted normofat diets, increased intestinal permeability, but
did not affect the diversity and relative abundance of intestinal bacteria in 19 overweight
women; LPS concentrations remained unchanged [116].

Finally, an 8-week double-blinded RCT studied the effects of 30 g of two blended
cooking oils (high in omega-3 alpha-linolenic acid and phytonutrients) versus ROO on
the intestinal microbiota in 126 participants having borderline hypercholesterolemia. The
highest concentration of omega-3 PUFA oil blend was linked to the elevation of alpha
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diversity showing more robust results. It is important to note that EVOO was not used
in this study, thus obtaining better results with the other blends as they are higher in
tocopherols and phytonutrients [117].

3.6. Olive Oil’s Effects on Other Health Outcomes

Besides the main target benefits, a limited number of studies have shown the bene-
ficial effects of OO on other health outcomes, targeting bone health, respiratory diseases,
xerostomia, telomere lengths, and hip pain. Many more studies will be required before a
robust cause—effect relationship can be established. Nonetheless, given the objective of this
review to unravel the most recent findings concerning OO in clinical trials and its impact
on health outcomes, these will also be briefly described below.

The consumption of OO has been shown to be effective in reducing bone loss and
osteoporosis. Two studies demonstrated that a higher intake of OO (>18.32 g/day) signifi-
cantly increased the volumetric bone mineral density [118] and that the mean consumption
of 56.5 g/day of OO reduced the risk of osteoporotic fractures [119] in a cohort of 523 Span-
ish women across a wide range of ages (23-81 years of age, mean age of 50 years) and in a
middle-aged and elderly (55-80 years of age) Mediterranean population (870 individuals)
from the PREDIMED trial, respectively. A Brazilian randomized controlled trial found that
52 mL/day of EVOO has positive effects on the bone health parameters of severely obese
adults, increasing calcium levels (from 9.5 £ 0.5 at baseline to 9.8 £ 0.5 at the end of the
intervention) [111].

In former studies, dietary fat intake has been associated with respiratory diseases,
with conflicting results. However, these studies were mainly conducted among populations
following a typical Western diet, which is rich in processed food, but not in high-quality
fatty acids, such as OO. Few data are available for Mediterranean countries. Cazzoletti et al.
(2019) performed a population multi-case study (GEIRD project) of 871 Italian adults aged
20-84 years old, and results showed that the high consumption of MUFA, oleic acid and
OO decreased the risk of current asthma but not of rhinitis [120].

A randomized clinical trial with 60 elderly patients with drug-induced xerostomia
(dry mouth) showed that the oral application of lycopene-enriched VOO in spray form
(38x/day) significantly improved their symptoms [121].

As a nonpharmacological intervention, EVOO and DieTBra, alone or combined, were
found to be beneficial in decreasing pain and pain intensity in various spots, like the hips,
among 149 severely obese adults over a 12-week randomized, controlled, parallel clinical
trial [122].

4. Discussion

Non-communicable diseases are among several lifestyle and age-associated patholog-
ical conditions, such as cancer, CVD, diabetes mellitus, and neurodegenerative diseases.
These are long lasting and slowly progressive, representing the leading causes of death and
disability. The prevalence of non-communicable diseases has been rapidly increasing, and
there is a need to find new preventive approaches to reduce their risk and burden. Research
has highlighted the importance of a healthy lifestyle, consisting of regular physical activity
and a balanced diet. The MedDiet is an excellent model of healthy eating, and its main
characteristic is OO usage.

The present review provides clinical evidence supporting the positive impact of OO
consumption on human health. OO, particularly EVOO, was shown to be associated with
antioxidant and anti-inflammatory effects, improvement in endothelial function and lipid
profile, prevention of obesity, diabetes, cardiovascular, and neurodegenerative diseases,
and modulation of the gut microbiota. In this context, this review is one of the first to assess
the positive contribution of OO consumption, independently, or within the context of the
MedDiet, on cognitive function and neuroprotection as well as on gut microbiota diversity.
Furthermore, the selected clinical studies demonstrated the synergy between olive oil
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minor bioactive compounds (phenolic compounds and triterpenes including oleocanthal,
oleuropein, and hydroxytyrosol) and olive oil lipids (predominant MUFA) in many cases.

It is important to note that the MedDiet is considered a healthy dietary and nutritional
pattern, associated with a reduced risk of cardiovascular events [123]. Most importantly, the
health benefits of the MedDiet have been attributed to its lipid profile, high monounsatu-
rated fat, but also to OO antioxidant capacity, mostly represented by EVOO. Indeed, EVOO
has gathered a significant body of evidence of its beneficial health effects, independently of
its association with dietary pattern. In the PREDIMED study, which was included in some
of the subsections of this review, it was shown that EVOO reduced the risk of cardiovas-
cular events compared with participants not taking EVOO [56]. Interestingly, Violi et al.
have shown that after Mediterranean meals a significant difference was observed between
participants with vs. without EVOO, specifically in relation to LDL-C and its oxidized form,
which were significantly increased in the non-EVOO group. It is well established that LDL-
C is a risk factor for the development of CVD. Additionally, when a meal not containing
EVOO was given, LDL-C, ox-LDL, and triacylglycerols increased significantly [123]. Fur-
thermore, the NUTRAOLEUM RCT Study, for example, highlighted the EVOO triterpenes’
health benefits in addition to their bioavailability and disposition in EVOO [97]. Other
independent studies provided additional benefits for cardiovascular protection including
improved insulin sensitivity and reductions in inflammatory biomarkers.

The demonstrated antioxidant properties of EVOO also need to be highlighted, and
these may play a significant protective role against immune-mediated inflammatory re-
sponses including neurodegenerative diseases as supported by several of the clinical studies
reported herein. The positive impact of EVOO on hepatic steatosis reduction was also
of significance. Lastly, but of relevance to the previous benefits, were the clinical studies
showing an important contribution of EVOO to gut microbiota composition modulation
and associated metabolic activity. Although further studies are required, such an impact
may positively influence metabolic and cognitive health.

Indeed, due to its disease-preventing effects, OO is considered a functional food [124].
In 2011, the European Food Safety Authority approved a health claim for OO, stating “OO
polyphenols contribute to the protection of blood lipids from oxidative stress”. The claim
may be used only for OO which contains at least 5 mg of hydroxytyrosol and its derivatives
(e.g., oleuropein complex and tyrosol) per 20 g of OO. To bear the claim, information shall
be given to the consumer that beneficial effects are obtained with a daily intake of 20 g of
OO0 [125].

Despite the growing evidence supporting OO health benefits, inconclusive or contra-
dictory effects have been reported in some cases. Such observation can be attributed to
differences in study designs, sample sizes, participant characteristics, OO types and its
endorsed doses, time-length interventions, and follow-up periods, among others. Therefore,
one of the most important recommendations of this review, corroborating that of many
other authors, is of the need to harmonize study designs to enable better comparisons and
extract conclusions.

Furthermore, aside from the many positive effects of OO on human health, we continue
to lack information on the precise mechanisms involving these processes. Further studies
are needed to shed light on the understanding of the molecular mechanisms, to establish
compound-benefit relationships, to define the effective doses in humans, independent of
the health status, and to reveal new therapeutic potentials.

Although not directly related to what concerns the trials per si but important from the
OO perspective itself are strategies to enhance its functionality in terms of composition.
Since PC were highlighted as some of the most effective bioactive compounds, together
with the lipid fractions, a strategy for their increase in OO may be via polyphenol oxidase
activity. These enzymes seem to have a beneficial role in forming the phenolic glycosides in
the olives where tyrosol is converted to hydroxytyrosol via hydroxylation. The polyphenol
oxidase genes subfamilies are tyrosinases and diphenolases. These genes should be studied
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to be used in olive breeding programs aimed at enhancing the functional properties of
oils [126].

5. Concluding Remarks

In conclusion, scientific data showed that OO intake, as a part of the MedDiet or as a
functional food on its own, plays a critical role in the human organism, improving health
and reducing the risk of certain diseases. These benefits can be attributed to a synergistic
effect of the polyphenol compounds with the high content of oleic acid. Although additional
research is required, an accumulating body of clinical evidence provides support for
the consumption of EVOO as a balanced dietary element contributing positively toward
prevention and management of a variety of non-communicable diseases.

Author Contributions: Conceptualization, A.I,, S.C.-B., AM.G. and M.C.; methodology, A.I, S.C.-B.
and J.E.M,; investigation, A.I, S.C.-B. and ].E.M.; writing—original draft preparation, A.I,, S.C.-B. and
J.EM.; writing—review and editing, ].E.M., AM.G. and M.C,; supervision, A.M.G. and M.C,; project
administration, A.M.G. and M.C.; and funding acquisition, A.M.G. and M.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by project HSoil4Food—Healthy soils for healthy foods (NORTE-
01-0145-FEDER-000066), supported by Norte Portugal Regional Operational Programme (NORTE
2020), under the PORTUGAL 2020 Partnership Agreement, through the European Regional Develop-
ment Fund (ERDF). We would also like to thank the scientific collaboration under the FCT project
UIDB/50016/2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: Sérgio Carvalho-Barros research scholarship was within the scope of the project
“HSoil4Food—Healthy soils for healthy foods” (NORTE-01-0145-FEDER-000066) co-financed by
the European Regional Development Fund (FEDER) through the Northern Regional Operational
Program, under the terms of the Notice of Opening of Application No. NORTE-45-2020-75—Support
System for Scientific and Technological Research—"Structured R&D&I Projects”—Horizon Europe.
The authors would like to acknowledge Inés Costa Moreira for her diligent contribution during the
revision of the present manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1. Massaro, M.; Scoditti, E.; Carluccio, M. A ; Calabriso, N.; Santarpino, G.; Verri, T.; De Caterina, R. Effects of Olive Oil on Blood
Pressure: Epidemiological, Clinical, and Mechanistic Evidence. Nutrients 2020, 12, 1548. [CrossRef] [PubMed]

2. Foscolou, A.; Critselis, E.; Panagiotakos, D. Olive Oil Consumption and Human Health: A Narrative Review. Maturitas 2018, 118,
60-66. [CrossRef]

3.  International Olive Council. Designations and Definitions of Olive Oils. Available online: https://www.internationaloliveoil.
org/olive-world/olive-oil/ (accessed on 16 June 2023).

4. International Olive Council. EU Olive Oil Figures: Consumption. Available online: https:/ /www.internationaloliveoil.org/wp-
content/uploads/2021/12/HO-CE901-17-12-2021-C.pdf (accessed on 16 June 2023).

5. International Olive Council. EU Olive Oil Figures: Production. Available online: https://www.internationaloliveoil.org/wp-
content/uploads/2021/12/HO-CE901-17-12-2021-P.pdf (accessed on 16 June 2023).

6. International Olive Council. World Olive Oil Figures: Consumption. Available online: https://www.internationaloliveoil.org/
wp-content/uploads/2021/12/HO-W901-17-12-2021-C.pdf (accessed on 16 June 2023).

7. International Olive Council. Trade Standard Applying to Olive Oils and Olive Pomace Oils. Reference COI/T.15/NC No 3/Rev. 19.
Available online: https:/ /www.internationaloliveoil.org/wp-content/uploads /2022 /12 /Norme-comerciale-REV-19_ENK.pdf
(accessed on 16 June 2023).

8. Visioli, E; Poli, A.; Gall, C. Antioxidant and Other Biological Activities of Phenols from Olives and Olive Oil. Med. Res. Rev. 2002,

22, 65-75. [CrossRef] [PubMed]


https://doi.org/10.3390/nu12061548
https://www.ncbi.nlm.nih.gov/pubmed/32466599
https://doi.org/10.1016/j.maturitas.2018.10.013
https://www.internationaloliveoil.org/olive-world/olive-oil/
https://www.internationaloliveoil.org/olive-world/olive-oil/
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-CE901-17-12-2021-C.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-CE901-17-12-2021-C.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-CE901-17-12-2021-P.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-CE901-17-12-2021-P.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-W901-17-12-2021-C.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2021/12/HO-W901-17-12-2021-C.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2022/12/Norme-comerciale-REV-19_ENK.pdf
https://doi.org/10.1002/med.1028
https://www.ncbi.nlm.nih.gov/pubmed/11746176

Nutrients 2023, 15, 3625 39 of 44

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Abenavoli, L.; Milanovi¢, M.; Mili¢, N.; Luzza, E.; Giuffre, A.M. Olive Oil Antioxidants and Non-Alcoholic Fatty Liver Disease.
Expert Rev. Gastroenterol. Hepatol. 2019, 13, 739-749. [CrossRef] [PubMed]

Tomé-Carneiro, J.; Crespo, M.C.; de Las Hazas, M.C.L.; Visioli, F.; Davalos, A. Olive Oil Consumption and Its Repercussions on
Lipid Metabolism. Nutr. Rev. 2020, 78, 952-968. [CrossRef]

Romani, A.; Ieri, F; Urciuoli, S.; Noce, A.; Marrone, G.; Nediani, C.; Bernini, R. Health Effects of Phenolic Compounds Found in
Extra-Virgin Olive Oil, By-Products, and Leaf of Olea Europaea L. Nutrients 2019, 11, 1776. [CrossRef]

Capurso, A.; Crepaldi, G.; Capurso, C. Benefits of the Mediterranean Diet in the Elderly Patient; Springer International Publishing:
Cham, Swizerland, 2018. [CrossRef]

Vazquez-Aguilar, A.; Sanchez-Rodriguez, E.; Rodriguez-Perez, C.; Rangel-Huerta, O.D.; Mesa, M.D. Metabolomic-Based Studies
of the Intake of Virgin Olive Oil: A Comprehensive Review. Metabolites 2023, 13, 472. [CrossRef] [PubMed]

De Santis, S.; Cariello, M.; Piccinin, E.; Sabba, C.; Moschetta, A. Extra Virgin Olive Oil: Lesson from Nutrigenomics. Nutrients
2019, 11, 2085. [CrossRef]

Gaforio, ].J.; Visioli, F.; Alarcon-de-la-Lastra, C.; Castafier, O.; Delgado-Rodriguez, M.; Fit6, M.; Hernandez, A.F,; Huertas, J.R,;
Martinez-Gonzélez, M.A.; Menendez, J.A.; et al. Virgin Olive Oil and Health: Summary of the III International Conference on
Virgin Olive Oil and Health Consensus Report, JAEN (Spain) 2018. Nutrients 2019, 11, 2039. [CrossRef]

Reboredo-Rodriguez, P.; Varela-Lépez, A.; Forbes-Hernandez, T.Y.; Gasparrini, M.; Afrin, S.; Cianciosi, D.; Zhang, J.; Manna,
PP; Bompadre, S.; Quiles, J.L.; et al. Phenolic Compounds Isolated from Olive Oil as Nutraceutical Tools for the Prevention and
Management of Cancer and Cardiovascular Diseases. Int. J. Mol. Sci. 2018, 19, 2305. [CrossRef]

Mediterranean Diet inscribed in 2013 on the Representative List of the Intangible Cultural Heritage of Humanity. UNESCO.
Available online: https://ich.unesco.org/en/RL/mediterranean-diet-00884 (accessed on 16 June 2023).

Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean Diet and Survival in a Greek Population.
N. Engl. ]. Med. 2003, 348, 2599-2608. [CrossRef] [PubMed]

Fernandes, J.; Fialho, M.; Santos, R.; Peixoto-Placido, C.; Madeira, T.; Sousa-Santos, N.; Virgolino, A.; Santos, O.; Carneiro, A.V.
Is olive oil good for you? A systematic review and meta-analysis on anti-inflammatory benefits from regular dietary intake.
Nutrition 2019, 69, 110559. [CrossRef] [PubMed]

Pastor, R.; Bouzas, C.; Tur, ]J.A. Beneficial effects of dietary supplementation with olive oil, oleic acid, or hydroxytyrosol in
metabolic syndrome: Systematic review and meta-analysis. Free. Radic. Biol. Med. 2021, 172, 372-385. [CrossRef] [PubMed]
Schwingshackl, L.; Krause, M.; Schmucker, C.; Hoffmann, G.; Riicker, G.; Meerpohl, J.J. Impact of different types of olive oil on
cardiovascular risk factors: A systematic review and network meta-analysis. Nutr. Metab. Cardiovasc. Dis. 2019, 29, 1030-1039.
[CrossRef] [PubMed]

Schwingshackl, L.; Lampousi, A.-M.; Portillo, M.P.; Romaguera, D.; Hoffmann, G.; Boeing, H. Olive oil in the prevention and
management of type 2 diabetes mellitus: A systematic review and meta-analysis of cohort studies and intervention trials. Nutr.
Diabetes 2017, 7, €262. [CrossRef]

Yahay, M.; Heidari, Z.; Allameh, Z.; Amani, R. The Effects of Canola and Olive Oils Consumption Compared to Sunflower Oil, on
Lipid Profile and Hepatic Steatosis in Women with Polycystic Ovarian Syndrome: A Randomized Controlled Trial. Lipids Health
Dis. 2021, 20, 7. [CrossRef] [PubMed]

Patti, A.M.; Carruba, G.; Cicero, A.EG.; Banach, M.; Nikolic, D.; Giglio, R.V.; Terranova, A.; Soresi, M.; Giannitrapani, L.; Montalto,
G.; et al. Daily Use of Extra Virgin Olive Oil with High Oleocanthal Concentration Reduced Body Weight, Waist Circumference,
Alanine Transaminase, Inflammatory Cytokines and Hepatic Steatosis in Subjects with the Metabolic Syndrome: A 2-Month
Intervention Study. Metabolites 2020, 10, 392. [CrossRef]

Estruch, R.; Martinez-Gonzélez, M.A.; Corella, D.; Salas-Salvadd, J.; Fit6, M.; Chiva-Blanch, G.; Fiol, M.; Gémez-Gracia, E.; Aros,
F; Lapetra, J.; et al. Effect of a High-Fat Mediterranean Diet on Bodyweight and Waist Circumference: A Prespecified Secondary
Outcomes Analysis of the PREDIMED Randomised Controlled Trial. Lancet Diabetes Endocrinol. 2019, 7, e6—e17. [CrossRef]
AlKhattaf, N.F,; Alraddadi, A.M.; Aljarbou, M. A.; Arnauti, M.A.; Alfaleh, A.M.; Hammouda, S.A. Determining the Correlation
between Olive Oil Consumption, BMI, and Waist Circumference in the Adult Saudi Population. J. Taibah Univ. Med. Sci. 2020, 15,
380-386. [CrossRef]

Silveira, E.A.; De Souza, ].D.; Dos Santos Rodrigues, A.P.; Lima, R.M.; de Souza Cardoso, C.K.; De Oliveira, C. Effects of Extra
Virgin Olive Oil (EVOO) and the Traditional Brazilian Diet on Sarcopenia in Severe Obesity: A Randomized Clinical Trial.
Nutrients 2020, 12, 1498. [CrossRef]

Monfort-Pires, M.; U-Din, M.; Nogueira, G.A.; de Almeida-Faria, J.; Sidarta-Oliveira, D.; Sant’Ana, M.R.; De Lima-Junior, J.C,;
Cintra, D.E.; de Souza, H.P; Ferreira, S.R.G.; et al. Short Dietary Intervention with Olive Oil Increases Brown Adipose Tissue
Activity in Lean but Not Overweight Subjects. J. Clin. Endocrinol. Metab. 2021, 106, 472-484. [CrossRef] [PubMed]

Kabiri, A.; Hosseinzadeh-Attar, M.J.; Haghighatdoost, F.; Eshraghian, M.; Esmaillzadeh, A. Impact of Olive Oil-Rich Diet on
Serum Omentin and Adiponectin Levels: A Randomized Cross-over Clinical Trial among Overweight Women. Int. ]. Food Sci.
Nutr. 2017, 68, 560-568. [CrossRef] [PubMed]

Martinussen, C.; Dirksen, C.; Bojsen-Mgller, K.N.; Svane, M.S.; Carlsson, E.R.; Hartmann, B.; Clausen, T.R.; Veedfald, S.;
Kristiansen, V.B.; Rehfeld, J.F,; et al. Intestinal Sensing and Handling of Dietary Lipids in Gastric Bypass—Operated Patients and
Matched Controls. Am. J. Clin. Nutr. 2020, 111, 28-41. [CrossRef]


https://doi.org/10.1080/17474124.2019.1634544
https://www.ncbi.nlm.nih.gov/pubmed/31215262
https://doi.org/10.1093/nutrit/nuaa014
https://doi.org/10.3390/nu11081776
https://doi.org/10.1007/978-3-319-78084-9
https://doi.org/10.3390/metabo13040472
https://www.ncbi.nlm.nih.gov/pubmed/37110130
https://doi.org/10.3390/nu11092085
https://doi.org/10.3390/nu11092039
https://doi.org/10.3390/ijms19082305
https://ich.unesco.org/en/RL/mediterranean-diet-00884
https://doi.org/10.1056/NEJMoa025039
https://www.ncbi.nlm.nih.gov/pubmed/12826634
https://doi.org/10.1016/j.nut.2019.110559
https://www.ncbi.nlm.nih.gov/pubmed/31539817
https://doi.org/10.1016/j.freeradbiomed.2021.06.017
https://www.ncbi.nlm.nih.gov/pubmed/34153478
https://doi.org/10.1016/j.numecd.2019.07.001
https://www.ncbi.nlm.nih.gov/pubmed/31378629
https://doi.org/10.1038/nutd.2017.12
https://doi.org/10.1186/s12944-021-01433-9
https://www.ncbi.nlm.nih.gov/pubmed/33514384
https://doi.org/10.3390/metabo10100392
https://doi.org/10.1016/S2213-8587(19)30074-9
https://doi.org/10.1016/j.jtumed.2020.07.011
https://doi.org/10.3390/nu12051498
https://doi.org/10.1210/clinem/dgaa824
https://www.ncbi.nlm.nih.gov/pubmed/33180910
https://doi.org/10.1080/09637486.2016.1261808
https://www.ncbi.nlm.nih.gov/pubmed/27931137
https://doi.org/10.1093/ajcn/nqz272

Nutrients 2023, 15, 3625 40 of 44

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Giezenaar, C.; Lange, K.; Hausken, T.; Jones, K.; Horowitz, M.; Chapman, I.; Soenen, S. Acute Effects of Substitution, and Addition,
of Carbohydrates and Fat to Protein on Gastric Emptying, Blood Glucose, Gut Hormones, Appetite, and Energy Intake. Nutrients
2018, 10, 1451. [CrossRef]

Pint6, X.; Fanlo-Maresma, M.; Corbella, E.; Corbella, X.; Mitjavila, M.T.; Moreno, ].J.; Casas, R.; Estruch, R.; Corella, D.; Bull6, M.;
et al. A Mediterranean Diet Rich in Extra-Virgin Olive Oil Is Associated with a Reduced Prevalence of Nonalcoholic Fatty Liver
Disease in Older Individuals at High Cardiovascular Risk. J. Nutr. 2019, 149, 1920-1929. [CrossRef]

Rezaei, S.; Akhlaghi, M.; Sasani, M.R.; Boldaji, R.B. Olive Oil Lessened Fatty Liver Severity Independent of Cardiometabolic
Correction in Patients with Non-Alcoholic Fatty Liver Disease: A Randomized Clinical Trial. Nutrition 2019, 57, 154-161.
[CrossRef]

Shidfar, F.; Bahrololumi, S.S.; Doaei, S.; Mohammadzadeh, A.; Gholamalizadeh, M.; Mohammadimanesh, A. The Effects of Extra
Virgin Olive Oil on Alanine Aminotransferase, Aspartate Aminotransferase, and Ultrasonographic Indices of Hepatic Steatosis
in Nonalcoholic Fatty Liver Disease Patients Undergoing Low Calorie Diet. Can. |. Gastroenterol. Hepatol. 2018, 2018, 1053710.
[CrossRef]

Carnevale, R.; Loffredo, L.; Del Ben, M.; Angelico, F; Nocella, C.; Petruccioli, A.; Bartimoccia, S.; Monticolo, R.; Cava, E.; Violi, F.
Extra Virgin Olive Oil Improves Post-Prandial Glycemic and Lipid Profile in Patients with Impaired Fasting Glucose. Clin. Nutr.
2017, 36, 782-787. [CrossRef]

Bozzetto, L.; Alderisio, A.; Clemente, G.; Giorgini, M.; Barone, F.; Griffo, E.; Costabile, G.; Vetrani, C.; Cipriano, P.; Giacco, A.; et al.
Gastrointestinal Effects of Extra-Virgin Olive Oil Associated with Lower Postprandial Glycemia in Type 1 Diabetes. Clin. Nutr.
2019, 38, 2645-2651. [CrossRef] [PubMed]

Galang, D.G.; Isidro, M.].; Gonzales, M.C.; Macabuag-Oliva, A. Extra Virgin Olive Oil and Postprandial Blood Glucose in Type 2
Diabetes Mellitus Patients: A Randomized Controlled Cross-over Trial. Philipp. |. Intern. Med. 2020, 58, 24-29.

Silveira, E.A.; de Souza Rosa, L.P.; de Resende, D.P,; Dos Santos Rodrigues, A.P.; da Costa, A.C.; de Oliveira Rezende, A.T,;
Noll, M.; de Oliveira, C.; Junqueira-Kipnis, A.P. Positive Effects of Extra-Virgin Olive Oil Supplementation and DietBra on
Inflammation and Glycemic Profiles in Adults with Type 2 Diabetes and Class II/III Obesity: A Randomized Clinical Trial. Front.
Endocrinol. 2022, 13, 841971. [CrossRef] [PubMed]

Wijayanthie, N.; Gunarti, D.R.; Manikam, N.R. Yulhasri Effects of Extra Virgin Olive Oil Versus Rice Bran Oil on Glycemic Control
in Patients with Type-2 Diabetes Mellitus. Int. |. Appl. Pharm. 2019, 11, 56-59. [CrossRef]

Sun, G,; Xia, H.; Yang, Y.; Ma, S.; Zhou, H.; Shu, G.; Wang, S.; Yang, X.; Tang, H.; Wang, F.; et al. Effects of Palm Olein and Olive
Oil on Serum Lipids in a Chinese Population: A Randomized, Double-Blind, Cross-over Trial. Asia Pac. J. Clin. Nutr. 2018, 27,
572-580. [CrossRef] [PubMed]

Mandee, M.].; Hansen, K.B.; Windelov, J.A.; Knop, EK.; Rehfeld, J.E; Rosenkilde, M.M.; Holst, ].J.; Hansen, H.S. Comparing
Olive Oil and C4-Dietary Oil, a Prodrug for the GPR119 Agonist, 2-Oleoyl Glycerol, Less Energy Intake of the Latter Is Needed
to Stimulate Incretin Hormone Secretion in Overweight Subjects with Type 2 Diabetes. Nutr. Diabetes 2018, 8, 2. [CrossRef]
[PubMed]

Del Ben, M.; Nocella, C.; Loffredo, L.; Bartimoccia, S.; Cammisotto, V.; Mancinella, M.; Angelico, F.; Valenti, V.; Cavarretta, E.;
Carnevale, R;; et al. Oleuropein-Enriched Chocolate by Extra Virgin Olive Oil Blunts Hyperglycaemia in Diabetic Patients: Results
from a One-Time 2-Hour Post-Prandial Cross over Study. Clin. Nutr. 2020, 39, 2187-2191. [CrossRef]

Tuccinardi, D.; Di Mauro, A.; Lattanzi, G.; Rossini, G.; Monte, L.; Beato, I.; Spiezia, C.; Bravo, M.; Watanabe, M.; Soare, A.; et al.
An Extra Virgin Olive Oil-enriched Chocolate Spread Positively Modulates Insulin-resistance Markers Compared with a Palm
Oil-enriched One in Healthy Young Adults: A Double-blind, Cross-over, Randomised Controlled Trial. Diabetes Metab. Res. Rev.
2022, 38, €3492. [CrossRef]

Santos-Lozano, ].M.; Rada, M.; Lapetra, J.; Guinda, A Jiménez-Rodriguez, M.C.; Cayuela, ].A,; Angel—Lugo, A.; Vilches-Arenas,
A.; Gomez-Martin, A.M.; Ortega-Calvo, M,; et al. Prevention of Type 2 Diabetes in Prediabetic Patients by Using Functional
Olive Oil Enriched in Oleanolic Acid: The PREDIABOLE Study, a Randomized Controlled Trial. Diabetes Obes. Metab. 2019, 21,
2526-2534. [CrossRef]

Errazuriz, I.; Dube, S.; Slama, M.; Visentin, R.; Nayar, S.; O’Connor, H.; Cobelli, C.; Das, S.K.; Basu, A.; Kremers, WK,; et al.
Randomized Controlled Trial of a MUFA or Fiber-Rich Diet on Hepatic Fat in Prediabetes. ]. Clin. Endocrinol. Metab. 2017, 102,
1765-1774. [CrossRef]

Basterra-Gortari, EJ.; Ruiz-Canela, M.; Martinez-Gonzalez, M.A.; Babio, N.; Sorli, ].V.; Fito, M.; Ros, E.; Gomez-Gracia, E.; Fiol, M.;
Lapetra, J.; et al. Effects of a Mediterranean Eating Plan on the Need for Glucose-Lowering Medications in Participants with Type
2 Diabetes: A Subgroup Analysis of the PREDIMED Trial. Diabetes Care 2019, 42, 1390-1397. [CrossRef]

Ruiz-Canela, M.; Guasch-Ferré, M.; Toledo, E.; Clish, C.B.; Razquin, C.; Liang, L.; Wang, D.D.; Corella, D.; Estruch, R.; Herndez, A
et al. Plasma Branched Chain/Aromatic Amino Acids, Enriched Mediterranean Diet and Risk of Type 2 Diabetes: Case-Cohort
Study within the PREDIMED Trial. Diabetologia 2018, 61, 1560-1571. [CrossRef]

D’Amore, S.; Vacca, M.; Cariello, M.; Graziano, G.; D’Orazio, A.; Salvia, R.; Sasso, R.C.; Sabba, C.; Palasciano, G.; Moschetta, A.
Genes and MiRNA Expression Signatures in Peripheral Blood Mononuclear Cells in Healthy Subjects and Patients with Metabolic
Syndrome after Acute Intake of Extra Virgin Olive Oil. Biochim. Biophys. Acta (BBA) Mol. Cell Biol. Lipids 2016, 1861, 1671-1680.
[CrossRef] [PubMed]


https://doi.org/10.3390/nu10101451
https://doi.org/10.1093/jn/nxz147
https://doi.org/10.1016/j.nut.2018.02.021
https://doi.org/10.1155/2018/1053710
https://doi.org/10.1016/j.clnu.2016.05.016
https://doi.org/10.1016/j.clnu.2018.11.015
https://www.ncbi.nlm.nih.gov/pubmed/30567626
https://doi.org/10.3389/fendo.2022.841971
https://www.ncbi.nlm.nih.gov/pubmed/35586621
https://doi.org/10.22159/ijap.2019.v11s6.33540
https://doi.org/10.6133/apjcn.032017.12
https://www.ncbi.nlm.nih.gov/pubmed/29737804
https://doi.org/10.1038/s41387-017-0011-z
https://www.ncbi.nlm.nih.gov/pubmed/29330461
https://doi.org/10.1016/j.clnu.2019.09.006
https://doi.org/10.1002/dmrr.3492
https://doi.org/10.1111/dom.13838
https://doi.org/10.1210/jc.2016-3722
https://doi.org/10.2337/dc18-2475
https://doi.org/10.1007/s00125-018-4611-5
https://doi.org/10.1016/j.bbalip.2016.07.003
https://www.ncbi.nlm.nih.gov/pubmed/27422371

Nutrients 2023, 15, 3625 41 of 44

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Khaw, K.-T; Sharp, S.J.; Finikarides, L.; Afzal, I.; Lentjes, M.; Luben, R.; Forouhi, N.G. Randomised Trial of Coconut Oil, Olive
Oil or Butter on Blood Lipids and Other Cardiovascular Risk Factors in Healthy Men and Women. BMJ Open 2018, 8, €020167.
[CrossRef] [PubMed]

Cheng, C.; Wang, D.; Xia, H.; Wang, F.; Yang, X.; Pan, D.; Wang, S.; Yang, L.; Lu, H.; Shu, G.; et al. A Comparative Study of the
Effects of Palm Olein, Cocoa Butter and Extra Virgin Olive Oil on Lipid Profile, Including Low-Density Lipoprotein Subfractions
in Young Healthy Chinese People. Int. J. Food Sci. Nutr. 2019, 70, 355-366. [CrossRef] [PubMed]

Mantilla-Escalante, D.C.; Hazas, M.-C.L.d.l.; Crespo, M.C.; Martin-Hernandez, R.; Tomé-Carneiro, J.; del Pozo-Acebo, L.; Salas-
Salvado, J.; Bull, M.; Davalos, A. Mediterranean Diet Enriched in Extra-Virgin Olive Oil or Nuts Modulates Circulating Exosomal
Non-Coding RNAs. Eur. J. Nutr. 2021, 60, 4279-4293. [CrossRef]

Kouli, G.-M.; Panagiotakos, D.B.; Kyrou, I.; Magriplis, E.; Georgousopoulou, E.N.; Chrysohoou, C.; Tsigos, C.; Tousoulis, D.;
Pitsavos, C. Olive Oil Consumption and 10-Year (2002-2012) Cardiovascular Disease Incidence: The ATTICA Study. Eur. ]. Nutr.
2019, 58, 131-138. [CrossRef] [PubMed]

Guasch-Ferré, M.; Liu, G.; Li, Y,; Sampson, L.; Manson, J.E.; Salas-Salvadg, J.; Martinez-Gonzélez, M.A.; Stampfer, M.].; Willett,
W.C.; Sun, Q,; et al. Olive Oil Consumption and Cardiovascular Risk in U.S. Adults. J. Am. Coll. Cardiol. 2020, 75, 1729-1739.
[CrossRef] [PubMed]

Khandouzi, N.; Zahedmehr, A.; Nasrollahzadeh, ]. Effects of Canola or Olive Oil on Plasma Lipids, Lipoprotein-Associated
Phospholipase A2 and Inflammatory Cytokines in Patients Referred for Coronary Angiography. Lipids Health Dis. 2020, 19, 183.
[CrossRef]

Memon, A.R.; Ghanghro, A.B.; Shaikh, L.A.; Qazi, N.; Ghanghro, I.H.; Shaikh, U. Effects of Olive Oil and Garlic on Serum
Cholesterol and Triglycerides Levels in the Patients of Type-II Diabetes Mellitus. |. Liaquat Univ. Med. Health Sci. 2018, 17, 101-105.
[CrossRef]

Otrante, A.; Trigui, A.; Walha, R.; Berrougui, H.; Fulop, T.; Khalil, A. Extra Virgin Olive Oil Prevents the Age-Related Shifts of the
Distribution of HDL Subclasses and Improves Their Functionality. Nutrients 2021, 13, 2235. [CrossRef]

Campos, V.P; Portal, V.L.; Markoski, M.M.; Quadros, A.S.; Bersch-Ferreira, AC,; Garavaglia, J.; Marcadenti, A. Effects of a
Healthy Diet Enriched or Not with Pecan Nuts or Extra-virgin Olive Oil on the Lipid Profile of Patients with Stable Coronary
Artery Disease: A Randomised Clinical Trial. J. Hum. Nutr. Diet. 2020, 33, 439—450. [CrossRef]

de Aratjo, A.R.; Sampaio, G.R; da Silva, L.R.; Portal, V.L.; Markoski, M.M.; de Quadros, A.S.; Rogero, M.M.; da Silva Torres,
E.AF; Marcadenti, A. Effects of Extra Virgin Olive Oil and Pecans on Plasma Fatty Acids in Patients with Stable Coronary Artery
Disease. Nutrition 2021, 91-92, 111411. [CrossRef] [PubMed]

Martin-Peldez, S.; Castafier, O.; Konstantinidou, V.; Subirana, I.; Mufioz-Aguayo, D.; Blanchart, G.; Gaixas, S.; de la Torre, R.;
Farré, M.; Sdez, G.T,; et al. Effect of Olive Oil Phenolic Compounds on the Expression of Blood Pressure-Related Genes in Healthy
Individuals. Eur. |. Nutr. 2017, 56, 663-670. [CrossRef] [PubMed]

Candido, F.G.; Valente, EX,; da Silva, L.E.; Coelho, O.G.L.; Peluzio, M.D.C.G.; Alfenas, R.D.C.G. Consumption of Extra Virgin
Olive Oil Improves Body Composition and Blood Pressure in Women with Excess Body Fat: A Randomized, Double-Blinded,
Placebo-Controlled Clinical Trial. Eur. J. Nutr. 2018, 57, 2445-2455. [CrossRef]

Lee, ].B.; Notay, K.; Klingel, S.L.; Chabowski, A.; Mutch, D.M.; Millar, P.J. Docosahexaenoic Acid Reduces Resting Blood Pressure
but Increases Muscle Sympathetic Outflow Compared with Eicosapentaenoic Acid in Healthy Men and Women. Am. J. Physiol.
Heart Circ. Physiol. 2019, 316, H873-H881. [CrossRef]

Storniolo, C.E.; Casillas, R.; Bullg, M.; Castafier, O.; Ros, E.; Saez, G.T.; Toledo, E.; Estruch, R.; Ruiz-Gutiérrez, V.; Fito, M.; et al. A
Mediterranean Diet Supplemented with Extra Virgin Olive Oil or Nuts Improves Endothelial Markers Involved in Blood Pressure
Control in Hypertensive Women. Eur. |. Nutr. 2017, 56, 89-97. [CrossRef] [PubMed]

Sanchez-Rodriguez, E.; Lima-Cabello, E.; Biel-Glesson, S.; Fernandez-Navarro, J.; Calleja, M.; Roca, M.; Espejo-Calvo, J.; Gil-
Extremera, B.; Soria-Florido, M.; de la Torre, R.; et al. Effects of Virgin Olive Oils Differing in Their Bioactive Compound Contents
on Metabolic Syndrome and Endothelial Functional Risk Biomarkers in Healthy Adults: A Randomized Double-Blind Controlled
Trial. Nutrients 2018, 10, 626. [CrossRef] [PubMed]

Njike, V.Y.; Ayettey, R.; Treu, J.A.; Doughty, K.N.; Katz, D.L. Post-Prandial Effects of High-Polyphenolic Extra Virgin Olive Oil on
Endothelial Function in Adults at Risk for Type 2 Diabetes: A Randomized Controlled Crossover Trial. Int. ]. Cardiol. 2021, 330,
171-176. [CrossRef]

Loffredo, L.; Del Ben, M.; Bartimoccia, S.; Castellani, V.; Mancinella, M.; Ciacci, P.; Orlando, F.; Paraninfi, A.; Angelico, E.; Ferro,
D.; et al. Chocolate Enriched by Extra Virgin Olive Oil Improves Endothelial Function and Oxidative Stress in Patients with
Diabetes. Nutrition 2021, 90, 111270. [CrossRef]

Cutruzzola, A.; Parise, M.; Vallelunga, R.; Lamanna, F; Gnasso, A.; Irace, C. Effect of Extra Virgin Olive Oil and Butter on
Endothelial Function in Type 1 Diabetes. Nutrients 2021, 13, 2436. [CrossRef]

Rus, A.; Molina, F; Martinez-Ramirez, M.].; Aguilar-Ferrandiz, M.E.; Carmona, R.; del Moral, M.L. Effects of Olive Oil Consump-
tion on Cardiovascular Risk Factors in Patients with Fibromyalgia. Nutrients 2020, 12, 918. [CrossRef]

Vignini, A.; Nanetti, L.; Raffaelli, F.; Sabbatinelli, J.; Salvolini, E.; Quagliarini, V.; Cester, N.; Mazzanti, L. Effect of 1-y Oral
Supplementation with Vitaminized Olive Oil on Platelets from Healthy Postmenopausal Women. Nutrition 2017, 42, 92-98.
[CrossRef]


https://doi.org/10.1136/bmjopen-2017-020167
https://www.ncbi.nlm.nih.gov/pubmed/29511019
https://doi.org/10.1080/09637486.2018.1504009
https://www.ncbi.nlm.nih.gov/pubmed/30160543
https://doi.org/10.1007/s00394-021-02594-0
https://doi.org/10.1007/s00394-017-1577-x
https://www.ncbi.nlm.nih.gov/pubmed/29124386
https://doi.org/10.1016/j.jacc.2020.02.036
https://www.ncbi.nlm.nih.gov/pubmed/32147453
https://doi.org/10.1186/s12944-020-01362-z
https://doi.org/10.22442/jlumhs.181720559
https://doi.org/10.3390/nu13072235
https://doi.org/10.1111/jhn.12727
https://doi.org/10.1016/j.nut.2021.111411
https://www.ncbi.nlm.nih.gov/pubmed/34425320
https://doi.org/10.1007/s00394-015-1110-z
https://www.ncbi.nlm.nih.gov/pubmed/26658900
https://doi.org/10.1007/s00394-017-1517-9
https://doi.org/10.1152/ajpheart.00677.2018
https://doi.org/10.1007/s00394-015-1060-5
https://www.ncbi.nlm.nih.gov/pubmed/26450601
https://doi.org/10.3390/nu10050626
https://www.ncbi.nlm.nih.gov/pubmed/29772657
https://doi.org/10.1016/j.ijcard.2021.01.062
https://doi.org/10.1016/j.nut.2021.111270
https://doi.org/10.3390/nu13072436
https://doi.org/10.3390/nu12040918
https://doi.org/10.1016/j.nut.2017.06.013

Nutrients 2023, 15, 3625 42 of 44

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Zhang, R.; Moscona, A.; Myndzar, K.; Luttrell-Williams, E.; Vanegas, S.; Jay, M.R.; Calderon, K.; Berger, ].S.; Heffron, S.P. More
Frequent Olive Oil Intake Is Associated with Reduced Platelet Activation in Obesity. Nutr. Metab. Cardiovasc. Dis. 2021, 31,
3322-3325. [CrossRef] [PubMed]

Daimiel, L.; Mic6, V.; Valls, R M.; Pedret, A.; Motilva, M.].; Rubi¢, L.; Fit6, M.; Farras, M.; Covas, M.L; Sol4, R.; et al. Impact of
Phenol-Enriched Virgin Olive Oils on the Postprandial Levels of Circulating MicroRNAs Related to Cardiovascular Disease. Mol.
Nutr. Food Res. 2020, 64, 2000049. [CrossRef] [PubMed]

Esquius, L.; Garcia-Retortillo, S.; Balagué, N.; Hristovski, R.; Javierre, C. Physiological- and Performance-Related Effects of Acute
Olive Oil Supplementation at Moderate Exercise Intensity. J. Int. Soc. Sports Nutr. 2019, 16, 12. [CrossRef]

Estruch, R.; Ros, E.; Salas-Salvadd, J.; Covas, M.-L; Corella, D.; Arés, F.; Gomez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.;
et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or
Nuts. N. Engl. . Med. 2018, 378, e34. [CrossRef]

Papadaki, A.; Martinez-Gonzalez, M.A.; Alonso-Gémez, A.; Rekondo, J.; Salas-Salvado, J.; Corella, D.; Ros, E.; Fitd, M.; Estruch,
R.; Lapetra, J.; et al. Mediterranean Diet and Risk of Heart Failure: Results from the PREDIMED Randomized Controlled Trial.
Eur. J. Heart Fail. 2017, 19, 1179-1185. [CrossRef] [PubMed]

Wang, D.D.; Hruby, A.; Rosner, B.A.; Willett, W.C.; Sun, Q.; Razquin, C.; Zheng, Y.; Ruiz-Canela, M.; Guasch-Ferré, M.; Corella, D.;
et al. Plasma Ceramides, Mediterranean Diet, and Incident Cardiovascular Disease in the PREDIMED Trial (Prevencion Con
Dieta Mediterranea). Circulation 2017, 135, 2028-2040. [CrossRef] [PubMed]

Hernéez, A.; Castafier, O.; Elosua, R.; Pintd, X.; Estruch, R.; Salas-Salvadd, J.; Corella, D.; Ar6s, F.; Serra-Majem, L.; Fiol, M.; et al.
Mediterranean Diet Improves High-Density Lipoprotein Function in High-Cardiovascular-Risk Individuals. Circulation 2017, 135,
633-643. [CrossRef] [PubMed]

Hernéez, A.; Castafier, O.; Goday, A.; Ros, E.; Pint6, X.; Estruch, R.; Salas-Salvado, ].; Corella, D.; Arés, F,; Serra-Majem, L.; et al.
The Mediterranean Diet Decreases LDL Atherogenicity in High Cardiovascular Risk Individuals: A Randomized Controlled Trial.
Mol. Nutr. Food Res. 2017, 61, 1601015. [CrossRef]

Toledo, E.; Wang, D.D.; Ruiz-Canela, M.; Clish, C.B.; Razquin, C.; Zheng, Y.; Guasch-Ferré, M.; Hruby, A.; Corella, D.; Gémez-
Gracia, E.; et al. Plasma Lipidomic Profiles and Cardiovascular Events in a Randomized Intervention Trial with the Mediterranean
Diet. Am. . Clin. Nutr. 2017, 106, 973-983. [CrossRef]

Sanchez-Quesada, C.; Toledo, E.; Gonzalez-Mata, G.; Ramos-Ballesta, ML.L; Peis, J.I; Martinez-Gonzalez, M.A ; Salas-Salvadé, J.;
Corella, D.; Fit6, M.; Romaguera, D.; et al. Relationship between Olive Oil Consumption and Ankle-Brachial Pressure Index in a
Population at High Cardiovascular Risk. Atherosclerosis 2020, 314, 48-57. [CrossRef] [PubMed]

Razquin, C.; Ruiz-Canela, M.; Toledo, E.; Clish, C.B.; Guasch-Ferré, M.; Garcia-Gavilan, J.F.; Wittenbecher, C.; Alonso-Goémez, A.;
Fit6, M,; Liang, L.; et al. Circulating Amino Acids and Risk of Peripheral Artery Disease in the PREDIMED Trial. Int. ]. Mol. Sci.
2022, 24, 270. [CrossRef]

Fernandez-Castillejo, S.; Rubid, L.; Herndez, A.; Catalan, U.; Pedret, A.; Valls, R.; Mosele, J.I; Covas, M.; Remaley, A.T.; Castarier,
O.; et al. Determinants of HDL Cholesterol Efflux Capacity after Virgin Olive Oil Ingestion: Interrelationships with Fluidity of
HDL Monolayer. Mol. Nutr. Food Res. 2017, 61, 1700445. [CrossRef] [PubMed]

Martin-Pelaez, S.; Mosele, J.I.; Pizarro, N.; Farras, M.; de la Torre, R.; Subirana, I.; Pérez-Cano, EJ.; Castaner, O.; Sola, R.;
Fernandez-Castillejo, S.; et al. Effect of Virgin Olive Oil and Thyme Phenolic Compounds on Blood Lipid Profile: Implications of
Human Gut Microbiota. Eur. |. Nutr. 2017, 56, 119-131. [CrossRef] [PubMed]

Farras, M.; Fernandez-Castillejo, S.; Rubié, L.; Arranz, S.; Catalan, U.; Subirana, I.; Romero, M.-P; Castafier, O.; Pedret, A.;
Blanchart, G.; et al. Phenol-Enriched Olive Oils Improve HDL Antioxidant Content in Hypercholesterolemic Subjects. A
Randomized, Double-Blind, Cross-over, Controlled Trial. . Nutr. Biochem. 2018, 51, 99-104. [CrossRef] [PubMed]

Hernéez, A.; Sanllorente, A.; Castafier, O.; Martinez-Gonzalez, M.A.; Ros, E.; Pint6, X.; Estruch, R.; Salas-Salvadé, J.; Corella, D.;
Alonso-Goémez, A.M.; et al. Increased Consumption of Virgin Olive Oil, Nuts, Legumes, Whole Grains, and Fish Promotes HDL
Functions in Humans. Mol. Nutr. Food Res. 2019, 63, €1800847. [CrossRef]

Jimenez-Torres, J.; Alcala-Diaz, J.F.; Torres-Peiia, ].D.; Gutierrez-Mariscal, EM.; Leon-Acufia, A.; Gomez-Luna, P.; Fernandez-
Gandara, C.; Quintana-Navarro, G.M.; Fernandez-Garcia, ].C.; Perez-Martinez, P,; et al. Mediterranean Diet Reduces Atheroscle-
rosis Progression in Coronary Heart Disease: An Analysis of the CORDIOPREV Randomized Controlled Trial. Stroke 2021, 52,
3440-3449. [CrossRef]

Wu, M.-Y,; Du, M.-H.; Wen, H.; Wang, W.-Q.; Tang, J.; Shen, L.-R. Effects of N-6 PUFA-Rich Soybean Oil, MUFA-Rich Olive Oil
and Camellia Seed Oil on Weight and Cardiometabolic Profiles among Chinese Women: A 3-Month Double-Blind Randomized
Controlled-Feeding Trial. Food Funct. 2022, 13, 4375-4383. [CrossRef]

Podadera-Herreros, A.; Alcala-Diaz, ]J.F.; Gutierrez-Mariscal, EM.; Jimenez-Torres, J.; de la Cruz-Ares, S.; Larriva, A.P.A.-D.;
Cardelo, M.P; Torres-Pefia, ].D.; Luque, R.M.; Ordovas, ].M.; et al. Long-Term Consumption of a Mediterranean Diet or a Low-Fat
Diet on Kidney Function in Coronary Heart Disease Patients: The CORDIOPREV Randomized Controlled Trial. Clin. Nutr. 2022,
41, 552-559. [CrossRef]

Hosseinabadi, S.M.; Nasrollahzadeh, J. Effects of Diets Rich in Ghee or Olive Oil on Cardiometabolic Risk Factors in Healthy
Adults: A Two-Period, Crossover, Randomised Trial. Br. J. Nutr. 2022, 128, 1720-1729. [CrossRef]

Prater, M.C.; Scheurell, A.R.; Paton, C.M.; Cooper, ].A. Blood Lipid Responses to Diets Enriched with Cottonseed Oil Compared
with Olive Oil in Adults with High Cholesterol in a Randomized Trial. J. Nutr. 2022, 152, 2060-2071. [CrossRef]


https://doi.org/10.1016/j.numecd.2021.08.038
https://www.ncbi.nlm.nih.gov/pubmed/34627691
https://doi.org/10.1002/mnfr.202000049
https://www.ncbi.nlm.nih.gov/pubmed/32562310
https://doi.org/10.1186/s12970-019-0279-6
https://doi.org/10.1056/NEJMoa1800389
https://doi.org/10.1002/ejhf.750
https://www.ncbi.nlm.nih.gov/pubmed/28133855
https://doi.org/10.1161/CIRCULATIONAHA.116.024261
https://www.ncbi.nlm.nih.gov/pubmed/28280233
https://doi.org/10.1161/CIRCULATIONAHA.116.023712
https://www.ncbi.nlm.nih.gov/pubmed/28193797
https://doi.org/10.1002/mnfr.201601015
https://doi.org/10.3945/ajcn.116.151159
https://doi.org/10.1016/j.atherosclerosis.2020.10.008
https://www.ncbi.nlm.nih.gov/pubmed/33160246
https://doi.org/10.3390/ijms24010270
https://doi.org/10.1002/mnfr.201700445
https://www.ncbi.nlm.nih.gov/pubmed/28887843
https://doi.org/10.1007/s00394-015-1063-2
https://www.ncbi.nlm.nih.gov/pubmed/26541328
https://doi.org/10.1016/j.jnutbio.2017.09.010
https://www.ncbi.nlm.nih.gov/pubmed/29125992
https://doi.org/10.1002/mnfr.201800847
https://doi.org/10.1161/STROKEAHA.120.033214
https://doi.org/10.1039/D1FO03759E
https://doi.org/10.1016/j.clnu.2021.12.041
https://doi.org/10.1017/S0007114521004645
https://doi.org/10.1093/jn/nxac099

Nutrients 2023, 15, 3625 43 of 44

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Marrone, G.; Urciuoli, S.; Di Lauro, M.; Ruzzolini, J.; Ieri, E; Vignolini, P.; Di Daniele, F; Guerriero, C.; Nediani, C.; Di Daniele,
N.; et al. Extra Virgin Olive Oil and Cardiovascular Protection in Chronic Kidney Disease. Nutrients 2022, 14, 4265. [CrossRef]
[PubMed]

Hernéez, A.; Soria-Florido, M.T.; Schroder, H.; Ros, E.; Pint6, X.; Estruch, R.; Salas-Salvadé, J.; Corella, D.; Arés, E.; Serra-Majem,
L.; et al. Role of HDL function and LDL atherogenicity on cardiovascular risk: A comprehensive examination. PLoS ONE 2019,
14, e0218533. [CrossRef] [PubMed]

Santangelo, C.; Filesi, C.; Vari, R.; Scazzocchio, B.; Filardi, T.; Fogliano, V.; D’ Archivio, M.; Giovannini, C.; Lenzi, A.; Morano, S.;
et al. Consumption of Extra-Virgin Olive Oil Rich in Phenolic Compounds Improves Metabolic Control in Patients with Type 2
Diabetes Mellitus: A Possible Involvement of Reduced Levels of Circulating Visfatin. J. Endocrinol. Investig. 2016, 39, 1295-1301.
[CrossRef]

Atefi, M.; Pishdad, G.R.; Faghih, S. The Effects of Canola and Olive Oils on Insulin Resistance, Inflammation and Oxidative Stress
in Women with Type 2 Diabetes: A Randomized and Controlled Trial. J. Diabetes Metab. Disord. 2018, 17, 85-91. [CrossRef]
Sureda, A.; del Mar Bibiloni, M.; Martorell, M.; Buil-Cosiales, P.; Marti, A.; Pons, A.; Tur, J.A.; Martinez-Gonzalez, M.A.
Mediterranean Diets Supplemented with Virgin Olive Oil and Nuts Enhance Plasmatic Antioxidant Capabilities and Decrease
Xanthine Oxidase Activity in People with Metabolic Syndrome: The PREDIMED Study. Mol. Nutr. Food Res. 2016, 60, 2654-2664.
[CrossRef]

Sarapis, K.; George, E.S.; Marx, W.; Mayr, H.L.; Willcox, J.; Esmaili, T.; Powell, K.L.; Folasire, O.S.; Lohning, A.E.; Garg, M.; et al.
Extra Virgin Olive Oil High in Polyphenols Improves Antioxidant Status in Adults: A Double-Blind, Randomized, Controlled,
Cross-over Study (OLIVAUS). Eur. J. Nutr. 2022, 61, 1073-1086. [CrossRef]

Luisi, M.L.E.; Lucarini, L.; Biffi, B.; Rafanelli, E.; Pietramellara, G.; Durante, M.; Vidali, S.; Provensi, G.; Madiai, S.; Gheri, C.E;
et al. Effect of Mediterranean Diet Enriched in High Quality Extra Virgin Olive Oil on Oxidative Stress, Inflammation and Gut
Microbiota in Obese and Normal Weight Adult Subjects. Front. Pharmacol. 2019, 10, 1366. [CrossRef] [PubMed]

Longhi, R.; de Carvalho Santos, A.S.E.A.; Lopez-Yerena, A.; Rodrigues, A.P.S.; de Oliveira, C.; Silveira, E.A. The Effectiveness of
Extra Virgin Olive Oil and the Traditional Brazilian Diet in Reducing the Inflammatory Profile of Individuals with Severe Obesity:
A Randomized Clinical Trial. Nutrients 2021, 13, 4139. [CrossRef]

Sanchez-Rodriguez, E.; Biel-Glesson, S.; Fernandez-Navarro, J.; Calleja, M.; Espejo-Calvo, J.; Gil-Extremera, B.; de la Torre, R.; Fito,
M.; Covas, M.-L; Vilchez, P; et al. Effects of Virgin Olive Oils Differing in Their Bioactive Compound Contents on Biomarkers of
Oxidative Stress and Inflammation in Healthy Adults: A Randomized Double-Blind Controlled Trial. Nutrients 2019, 11, 561.
[CrossRef]

Carnevale, R.; Pastori, D.; Nocella, C.; Cammisotto, V.; Bartimoccia, S.; Novo, M.; Del Ben, M.; Farcomeni, A.; Angelico, E; Violi, F
Gut-Derived Lipopolysaccharides Increase Post-Prandial Oxidative Stress via Nox2 Activation in Patients with Impaired Fasting
Glucose Tolerance: Effect of Extra-Virgin Olive Oil. Eur. J. Nutr. 2019, 58, 843-851. [CrossRef] [PubMed]

Hunter, D.J.; James, L.; Hussey, B.; Wadley, A.].; Lindley, M.R.; Mastana, S.S. Impact of Aerobic Exercise and Fatty Acid
Supplementation on Global and Gene-Specific DNA Methylation. Epigenetics 2019, 14, 294-309. [CrossRef] [PubMed]

Foshati, S.; Ghanizadeh, A.; Akhlaghi, M. The Effect of Extra Virgin Olive Oil on Anthropometric Indices, Lipid Profile, and
Markers of Oxidative Stress and Inflammation in Patients with Depression, a Double-blind Randomised Controlled Trial. Int. J.
Clin. Pract. 2021, 75, e14254. [CrossRef] [PubMed]

Lopresti, A.L.; Hood, S.D.; Drummond, P.D. A Review of Lifestyle Factors That Contribute to Important Pathways Associated
with Major Depression: Diet, Sleep and Exercise. |. Affect. Disord. 2013, 148, 12-27. [CrossRef]

Lourida, I.; Soni, M.; Thompson-Coon, J.; Purandare, N.; Lang, . A.; Ukoumunne, O.C.; Llewellyn, D.]. Mediterranean Diet,
Cognitive Function, and Dementia. Epidemiology 2013, 24, 479-489. [CrossRef]

Mazza, E.; Fava, A.; Ferro, Y.; Rotundo, S.; Romeo, S.; Bosco, D.; Pujia, A.; Montalcini, T. Effect of the Replacement of Dietary
Vegetable Oils with a Low Dose of Extravirgin Olive Oil in the Mediterranean Diet on Cognitive Functions in the Elderly. J. Transl.
Med. 2018, 16, 10. [CrossRef]

de Sousa Canheta, A.B.; de Carvalho Santos, A.S.E.A.; de Souza, ].D.; Silveira, E.A. Traditional Brazilian Diet and Extra Virgin
Olive Oil Reduce Symptoms of Anxiety and Depression in Individuals with Severe Obesity: Randomized Clinical Trial. Clin.
Nutr. 2021, 40, 404—411. [CrossRef] [PubMed]

Warrior, L.; Weber, KM.; Daubert, E.; Morris, M.C.; Agarwal, P,; Koralnik, 1.].; French, A.L. Olive Oil Intake Associated with
Increased Attention Scores in Women Living with HIV: Findings from the Chicago Women’s Interagency HIV Study. Nutrients
2019, 11, 1759. [CrossRef]

Tsolaki, M.; Lazarou, E.; Kozori, M.; Petridou, N.; Tabakis, I.; Lazarou, I.; Karakota, M.; Saoulidis, I.; Melliou, E.; Magiatis, P.
A Randomized Clinical Trial of Greek High Phenolic Early Harvest Extra Virgin Olive Oil in Mild Cognitive Impairment: The
MICOIL Pilot Study. J. Alzheimer’s Dis. 2020, 78, 801-817. [CrossRef]

Dimitriadis, S.I.; Lyssoudis, C.; Tsolaki, A.C.; Lazarou, E.; Kozori, M.; Tsolaki, M. Greek High Phenolic Early Harvest Extra Virgin
Olive Oil Reduces the Over-Excitation of Information-Flow Based on Dominant Coupling Mode (DoCM) Model in Patients with
Mild Cognitive Impairment: An EEG Resting-State Validation Approach. J. Alzheimer’s Dis. 2021, 83, 191-207. [CrossRef]
Tzekaki, E.E.; Papaspyropoulos, A.; Tsolaki, M.; Lazarou, E.; Kozori, M.; Pantazaki, A.A. Restoration of BMI1 Levels after the
Administration of Early Harvest Extra Virgin Olive Oil as a Therapeutic Strategy against Alzheimer’s Disease. Exp. Gerontol.
2021, 144, 111178. [CrossRef] [PubMed]


https://doi.org/10.3390/nu14204265
https://www.ncbi.nlm.nih.gov/pubmed/36296948
https://doi.org/10.1371/journal.pone.0218533
https://www.ncbi.nlm.nih.gov/pubmed/31246976
https://doi.org/10.1007/s40618-016-0506-9
https://doi.org/10.1007/s40200-018-0343-9
https://doi.org/10.1002/mnfr.201600450
https://doi.org/10.1007/s00394-021-02712-y
https://doi.org/10.3389/fphar.2019.01366
https://www.ncbi.nlm.nih.gov/pubmed/31803056
https://doi.org/10.3390/nu13114139
https://doi.org/10.3390/nu11030561
https://doi.org/10.1007/s00394-018-1718-x
https://www.ncbi.nlm.nih.gov/pubmed/29766292
https://doi.org/10.1080/15592294.2019.1582276
https://www.ncbi.nlm.nih.gov/pubmed/30764736
https://doi.org/10.1111/ijcp.14254
https://www.ncbi.nlm.nih.gov/pubmed/33884713
https://doi.org/10.1016/j.jad.2013.01.014
https://doi.org/10.1097/EDE.0b013e3182944410
https://doi.org/10.1186/s12967-018-1386-x
https://doi.org/10.1016/j.clnu.2020.05.046
https://www.ncbi.nlm.nih.gov/pubmed/32675019
https://doi.org/10.3390/nu11081759
https://doi.org/10.3233/JAD-200405
https://doi.org/10.3233/JAD-210454
https://doi.org/10.1016/j.exger.2020.111178
https://www.ncbi.nlm.nih.gov/pubmed/33290860

Nutrients 2023, 15, 3625 44 of 44

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Tzekaki, E.E.; Tsolaki, M.; Pantazaki, A.A.; Geromichalos, G.; Lazarou, E.; Kozori, M.; Sinakos, Z. The Pleiotropic Beneficial
Intervention of Olive Oil Intake on the Alzheimer’s Disease Onset via Fibrinolytic System. Exp. Gerontol. 2021, 150, 111344.
[CrossRef] [PubMed]

Kaddoumi, A.; Denney, T.S.; Deshpande, G.; Robinson, J.L.; Beyers, R.].; Redden, D.T.; Pratico, D.; Kyriakides, T.C.; Lu, B.; Kirby,
A.N,; et al. Extra-Virgin Olive Oil Enhances the Blood-Brain Barrier Function in Mild Cognitive Impairment: A Randomized
Controlled Trial. Nutrients 2022, 14, 5102. [CrossRef]

Boulangé, C.L.; Neves, A.L.; Chilloux, J.; Nicholson, ].K.; Dumas, M.-E. Impact of the Gut Microbiota on Inflammation, Obesity,
and Metabolic Disease. Genome Med. 2016, 8, 42. [CrossRef]

Murphy, E.A.; Velazquez, K.T.; Herbert, K.M. Influence of High-Fat Diet on Gut Microbiota. Curr. Opin. Clin. Nutr. Metab. Care
2015, 18, 515-520. [CrossRef]

Deiana, M.; Serra, G.; Corona, G. Modulation of Intestinal Epithelium Homeostasis by Extra Virgin Olive Oil Phenolic Compounds.
Food Funct. 2018, 9, 4085-4099. [CrossRef] [PubMed]

Olalla, J.; de Lomas, ].M.G.; Chueca, N.; Pérez-Stachowski, X.; De Salazar, A.; Del Arco, A.; Plaza-Diaz, J.; De la Torre, ].; Prada, J.L.;
Garcia-Alegria, J.; et al. Effect of Daily Consumption of Extra Virgin Olive Oil on the Lipid Profile and Microbiota of HIV-Infected
Patients over 50 Years of Age. Medicine 2019, 98, e17528. [CrossRef]

Morvaridi, M.; Jafarirad, S.; Seyedian, S.S.; Alavinejad, P.; Cheraghian, B. The Effects of Extra Virgin Olive Oil and Canola Oil on
Inflammatory Markers and Gastrointestinal Symptoms in Patients with Ulcerative Colitis. Eur. J. Clin. Nutr. 2020, 74, 891-899.
[CrossRef]

Céndido, T.L.N.; da Silva, L.E.; Candido, F.G.; Valente, F.X.; da Silva, ].S.; Lopes, D.R.G.; Peluzio, M.D.C.G.; Mantovani, H.C,;
Alfenas, R.D.C.G. Effect of the Ingestion of Vegetable Oils Associated with Energy-Restricted Normofat Diet on Intestinal
Microbiota and Permeability in Overweight Women. Food Res. Int. 2021, 139, 109951. [CrossRef]

Lim, R.R.X,; Park, M.A.; Wong, L.H.; Haldar, S.; Lim, K.J.; Nagarajan, N.; Henry, C.J.; Jiang, Y.R.; Moskvin, O.V. Gut Microbiome
Responses to Dietary Intervention with Hypocholesterolemic Vegetable Oils. NP] Biofilms Microbiomes 2022, 8, 24. [CrossRef]
Roncero-Martin, R.; Aliaga Vera, I.; Moreno-Corral, L.; Moran, J.; Lavado-Garcia, J.; Pedrera-Zamorano, J.; Pedrera-Canal, M.
Olive Oil Consumption and Bone Microarchitecture in Spanish Women. Nutrients 2018, 10, 968. [CrossRef] [PubMed]
Garcia-Gavilan, J.E; Bull, M.; Canudas, S.; Martinez-Gonzalez, M. A.; Estruch, R.; Giardina, S.; Fit6, M.; Corella, D.; Ros, E.;
Salas-Salvado, J. Extra Virgin Olive Oil Consumption Reduces the Risk of Osteoporotic Fractures in the PREDIMED Trial. Clin.
Nutr. 2018, 37, 329-335. [CrossRef] [PubMed]

Cazzoletti, L.; Zanolin, M.E.; Spelta, F.; Bono, R.; Chamitava, L.; Cerveri, I.; Garcia-Larsen, V.; Grosso, A.; Mattioli, V.; Pirina, P;
et al. Dietary Fats, Olive Oil and Respiratory Diseases in Italian Adults: A Population-based Study. Clin. Exp. Allergy 2019, 49,
799-807. [CrossRef] [PubMed]

Morante, A.N.; Wolff, A.; Mendoza, G.R.B.; Lopez-Jornet, P. Natural Products for the Management of Xerostomia: A Randomized,
Double-Blinded, Placebo-Controlled Clinical Trial. J. Oral Pathol. Med. 2017, 46, 154-160. [CrossRef] [PubMed]

Mendonga, C.R.; Noll, M.; de Souza Cardoso, C.K.; de Carvalho Santos, A.S.A.; dos Santos Rodrigues, A.P,; Silveira, E.A.
Reduction in Pain and Pain Intensity with Nonpharmacological Treatment in Severely Obese Patients: A Randomized Clinical
Trial. Int. J. Environ. Res. Public. Health 2021, 18, 11112. [CrossRef]

Violi, E; Loffredo, L.; Pignatelli, P.; Angelico, F.; Bartimoccia, S.; Nocella, C.; Cangemi, R.; Petruccioli, A.; Monticolo, R.; Pastori, D.;
et al. Extra virgin olive oil use is associated with improved post-prandial blood glucose and LDL cholesterol in healthy subjects.
Nutr. Diabetes 2015, 5, €172. [CrossRef]

Stark, A.H.; Madar, Z. Olive Oil as a Functional Food: Epidemiology and Nutritional Approaches. Nutr. Rev. 2002, 60, 170-176.
[CrossRef]

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Scientific Opinion on the Substantiation of Health Claims
Related to Polyphenols in Olive and Protection of LDL Particles from Oxidative Damage (ID 1333, 1638, 1639, 1696, 2865),
Maintenance of Normal Blood HDL Cholesterol Concentrations (ID 1639), maintenance of normal blood pressure (ID 3781),”anti-
inflammatory properties” (ID 1882), “contributes to the upper respiratory tract health” (ID 3468), “can help to maintain a normal
function of gastrointestinal tract” (3779), and “contributes to body defences against external agents” (ID 3467) pursuant to Article
13(1) of Regulation (EC) No 1924/2006. EFSA ]. 2011, 9, 2033. [CrossRef]

Sanchez, R.; Arroyo, L.; Luaces, P,; Sanz, C.; Pérez, A.G. Olive Polyphenol Oxidase Gene Family. Int. |. Mol. Sci. 2023, 24, 3233.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.exger.2021.111344
https://www.ncbi.nlm.nih.gov/pubmed/33836262
https://doi.org/10.3390/nu14235102
https://doi.org/10.1186/s13073-016-0303-2
https://doi.org/10.1097/MCO.0000000000000209
https://doi.org/10.1039/C8FO00354H
https://www.ncbi.nlm.nih.gov/pubmed/30083682
https://doi.org/10.1097/MD.0000000000017528
https://doi.org/10.1038/s41430-019-0549-z
https://doi.org/10.1016/j.foodres.2020.109951
https://doi.org/10.1038/s41522-022-00287-y
https://doi.org/10.3390/nu10080968
https://www.ncbi.nlm.nih.gov/pubmed/30049982
https://doi.org/10.1016/j.clnu.2016.12.030
https://www.ncbi.nlm.nih.gov/pubmed/28143667
https://doi.org/10.1111/cea.13352
https://www.ncbi.nlm.nih.gov/pubmed/30689281
https://doi.org/10.1111/jop.12487
https://www.ncbi.nlm.nih.gov/pubmed/27550537
https://doi.org/10.3390/ijerph182111112
https://doi.org/10.1038/nutd.2015.23
https://doi.org/10.1301/002966402320243250
https://doi.org/10.2903/j.efsa.2011.2033
https://doi.org/10.3390/ijms24043233

	Introduction 
	Materials and Methods 
	Bibliographic Search 
	Characteristics of the Excluded Studies 

	Results and Discussion 
	Olive Oil’s Effects on Metabolic Diseases 
	Olive Oil Effects on Cardiovascular Diseases (CVD) 
	Olive Oil as an Antioxidant Vehicle 
	Olive Oil Effects on Mental Health and Neurodegenerative Diseases 
	Olive Oil’s Effects on Gut Microbiota 
	Olive Oil’s Effects on Other Health Outcomes 

	Discussion 
	Concluding Remarks 
	References

