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almostȱcompletelyȱenclosedȱbyȱland—onȱtheȱnorthȱbyȱEuropeȱ(Greece,ȱAdriaticȱcountries,ȱ
Italy,ȱFrance,ȱSpain),ȱonȱtheȱsouthȱbyȱNorthȱAfrica,ȱandȱonȱtheȱeastȱbyȱAnatoliaȱandȱtheȱ
Levant—theȱseaȱremainsȱstrictlyȱaȱpartȱofȱtheȱAtlanticȱOcean,ȱthoughȱusuallyȱidentifiedȱasȱ
aȱdistinctȱbodyȱofȱwater.ȱFromȱaȱgeographicalȱperspective,ȱtheȱMediterraneanȱisȱaȱbroadȱ
regionȱinhabitedȱsinceȱtheȱdawnȱofȱcivilizationȱonȱEarth,ȱaroundȱaȱclosedȱseaȱinȱtheȱ“midȬ
dleȱofȱtheȱearth”ȱinȱanȱareaȱwithȱcharacteristicȱclimateȱandȱsoilȱconditionsȱ[6].ȱ

ȱ
Figureȱ1.ȱTheȱMediterraneanȱSeaȱandȱregion.ȱ

Concerningȱtheȱclimateȱofȱtheȱarea,ȱthisȱisȱcharacterizedȱbyȱnormallyȱhot,ȱdryȱsumȬ
mersȱandȱmild,ȱrainyȱwinters.ȱAsȱfarȱasȱtheȱsoilȱisȱconcerned,ȱparticularlyȱduringȱtheȱwetȱ
winters,ȱthereȱisȱleachingȱofȱclaysȱandȱcarbonatesȱwithȱtheȱreleaseȱofȱiron,ȱwhichȱconveysȱ
aȱredȱcolorȱtoȱtheȱsoil.ȱLeachingȱisȱminimalȱthroughoutȱtheȱdryȱsummers;ȱthus,ȱthereȱisȱ
typicallyȱanȱaccumulationȱofȱaȱcarbonateȱhorizonȱinȱtheȱsoil.ȱTheȱclimateȱandȱsoilȱcondiȬ
tionsȱofȱtheȱMediterraneanȱareȱunusualȱinȱtheȱworld,ȱsinceȱthereȱareȱonlyȱlimitedȱareasȱinȱ
theȱUSȱstateȱofȱCalifornia,ȱAustralia,ȱandȱChileȱwithȱwhatȱwouldȱbeȱtermedȱ“theȱMediterȬ
raneanȱorȱMediterraneanȬlike”ȱclimate.ȱTypicalȱMediterraneanȱcropsȱincludeȱolivesȱandȱ
grapesȱ (beingȱ theȱmostȱ characteristic),ȱasȱwellȱasȱoranges,ȱ tangerines,ȱandȱ cork,ȱandȱaȱ
uniqueȱvarietyȱofȱherbsȱandȱspices.ȱAncientȱGreeceȱwasȱtheȱcradleȱofȱtheȱMediterraneanȱ
foodȱtraditionȱ[9],ȱwhileȱtheȱbasisȱofȱsuchȱtraditionȱwasȱcharacterizedȱbyȱtheȱMediterraȬ
neanȱ“eternalȱtrinity”ȱofȱwheat–oliveȱoil–wine,ȱenrichedȱbyȱaȱcultureȱofȱsharingȱandȱcomȬ
mensalityȱ[9].ȱ

InȱHomericȱtimes,ȱsaltingȱforȱmeatsȱfromȱcattle,ȱsheep,ȱandȱgoatsȱwasȱemployedȱasȱaȱ
methodȱofȱpreservationȱforȱtheseȱfoods,ȱwhichȱwereȱimportantȱstaplesȱamongȱtheȱdietsȱofȱ
aristocraticȱheroes;ȱ theȱspecificȱportion/partȱofȱ theȱmeatȱservedȱ toȱanȱ individualȱcorreȬ
spondedȱtoȱtheirȱ levelȱofȱsocialȱstatusȱ[6,8].ȱSimilarly,ȱtoȱtheȱEgyptians,ȱtheȱGreeksȱpreȬ
ferredȱ theȱalliumȱ family,ȱ includingȱonion,ȱgarlic,ȱandȱ leek.ȱOtherȱvegetablesȱconsumedȱ
includedȱturnip,ȱradish,ȱlettuce,ȱartichoke,ȱcabbage,ȱcelery,ȱcucumber,ȱparsley,ȱandȱthyme.ȱ
Fruitȱinvolvedȱdatesȱ(imported),ȱfigs,ȱandȱgrapes.ȱTheȱwealthyȱcouldȱprocureȱwalnutsȱandȱ
almondsȱfromȱtheȱEast,ȱwhileȱmushroomsȱandȱhoneyȱwereȱaccessibleȱandȱfishȱwasȱeatenȱ
fresh,ȱdried,ȱorȱpickledȱ[6,8,10].ȱTomatoesȱandȱpotatoesȱwereȱintroducedȱmuchȱlaterȱinȱtheȱ
regionȱbutȱwereȱveryȱquicklyȱandȱmassivelyȱadopted.ȱ

Figure 1. The Mediterranean Sea and region.

Concerning the climate of the area, this is characterized by normally hot, dry summers
and mild, rainy winters. As far as the soil is concerned, particularly during the wet winters,
there is leaching of clays and carbonates with the release of iron, which conveys a red color
to the soil. Leaching is minimal throughout the dry summers; thus, there is typically an
accumulation of a carbonate horizon in the soil. The climate and soil conditions of the
Mediterranean are unusual in the world, since there are only limited areas in the US state
of California, Australia, and Chile with what would be termed “the Mediterranean or
Mediterranean-like” climate. Typical Mediterranean crops include olives and grapes (being
the most characteristic), as well as oranges, tangerines, and cork, and a unique variety of
herbs and spices. Ancient Greece was the cradle of the Mediterranean food tradition [9],
while the basis of such tradition was characterized by the Mediterranean “eternal trinity”
of wheat–olive oil–wine, enriched by a culture of sharing and commensality [9].

In Homeric times, salting for meats from cattle, sheep, and goats was employed
as a method of preservation for these foods, which were important staples among the
diets of aristocratic heroes; the specific portion/part of the meat served to an individual
corresponded to their level of social status [6,8]. Similarly, to the Egyptians, the Greeks
preferred the allium family, including onion, garlic, and leek. Other vegetables consumed
included turnip, radish, lettuce, artichoke, cabbage, celery, cucumber, parsley, and thyme.
Fruit involved dates (imported), figs, and grapes. The wealthy could procure walnuts and
almonds from the East, while mushrooms and honey were accessible and fish was eaten
fresh, dried, or pickled [6,8,10]. Tomatoes and potatoes were introduced much later in the
region but were very quickly and massively adopted.

In the Mediterranean, the diet was typically built around plant-based foods, including
vegetables, fruits, whole grains, nuts, and seeds. These provide antioxidants, significant
amounts of fiber, as well as vitamins and minerals. Healthy lipids are another significant
dietary benefit of MD, particularly those derived from olives, nuts, and fatty fish (such as
salmon and sardines). These sources are all high in heart-healthy monounsaturated fat and
are often used to replace saturated and trans fats found in fatty meats and cheese. There is
also a low intake of saturated fats, which are often present in red meat, while moderate
amounts of fish and poultry and lower levels of red meat are consumed. Dairy products are

The Mediterranean Sea and region

(Sikaliadis et al., 2021)

The American physiologist Ancel Keys
identified the connection between
what people were eating and
mortality, bringing the health benefits
of Mediterranean diet to light

The Mediterranean diet became widely
known to the public a few decades
later, after a Conference in
Cambridge (USA) in 1993, when the
modern recommendations of the diet
were represented visually with the
MedDiet pyramid



Olive from Olea europaea is native to the Mediterranean region and, 
both the oil and the fruit are some of the main components of the 

Mediterranean diet
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the control group were 0.67, 1.38, and 2.00 per-
centage points at 12, 24, and 36 months after 
enrollment, respectively (see pages 36 through 
38 in the Supplementary Appendix). The results 
of additional sensitivity and subgroup analyses 
were also consistent with the results of our pri-
mary analyses (Figs. 2 and 3, and Figs. S2, S4, 
and S12 in the Supplementary Appendix).

Discussion

In this study involving high-risk persons without 
cardiovascular disease, assignment to an energy-
unrestricted Mediterranean diet supplemented 
with either extra-virgin olive oil or nuts was asso-
ciated with a lower risk of major cardiovascular 
events over a period of 5 years than assignment 
to a control (low-fat) diet, with a relative differ-
ence of 30% and an absolute difference of 1.7 to 
2.1 percentage points. Our analysis, which in-
corporated information about adherence to the 
diets, suggests that the difference in rates of 
cardiovascular events between those assigned to 
the Mediterranean diets and those assigned the 
control diet was greater among participants with 
better adherence. These results support previously 
reported benefits of the Mediterranean diet for 
cardiovascular risk reduction from a randomized 
trial.4,25,26 Our findings are also consistent with 
those of previous observational studies.2,5,23,25-33 
Table S11 in the Supplementary Appendix sum-
marizes the findings from systematic reviews on 
this issue.

In response to a 2017 report11 suggesting 
that distributions of baseline variables in the 
PREDIMED trial were significantly different from 
what would have been expected to result from 
randomization, we conducted an extensive review 
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Figure!1.!Kaplan–Meier!Estimates!of!the!Cumulative!
!Incidence!of!End-Point!Events!in!the!Total!Study!
!Population.

Panel A shows the incidence of the primary end point 
(a composite of acute myocardial infarction, stroke, 
and death from cardiovascular causes), and Panel B 
shows total mortality. The insets show the same data 
on an expanded y axis. Hazard ratios were stratified 
according to sex, recruiting site, and educational level 
(five categories) and adjusted for age (continuous vari-
able), smoking (never smoked, former smoker, or cur-
rent smoker), hypertension (yes or no), dyslipidemia 
(yes or no), diabetes (yes or no), family history of pre-
mature coronary heart disease, body-mass index (con-
tinuous variable), waist-to-height ratio (continuous 
variable), physical activity (in quintiles), and propensity 
scores that estimated the probability of assignment to 
each intervention group on the basis of 30 baseline 
variables (see pages 12 through 17 in the Supplemen-
tary Appendix). Robust standard errors to account for 
intracluster correlations were used. CI denotes confi-
dence interval, EVOO extra-virgin olive oil, and Med 
Mediterranean.

The New England Journal of Medicine 
Downloaded from nejm.org on May 17, 2022. For personal use only. No other uses without permission. 
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the control group were 0.67, 1.38, and 2.00 per-
centage points at 12, 24, and 36 months after 
enrollment, respectively (see pages 36 through 
38 in the Supplementary Appendix). The results 
of additional sensitivity and subgroup analyses 
were also consistent with the results of our pri-
mary analyses (Figs. 2 and 3, and Figs. S2, S4, 
and S12 in the Supplementary Appendix).

Discussion

In this study involving high-risk persons without 
cardiovascular disease, assignment to an energy-
unrestricted Mediterranean diet supplemented 
with either extra-virgin olive oil or nuts was asso-
ciated with a lower risk of major cardiovascular 
events over a period of 5 years than assignment 
to a control (low-fat) diet, with a relative differ-
ence of 30% and an absolute difference of 1.7 to 
2.1 percentage points. Our analysis, which in-
corporated information about adherence to the 
diets, suggests that the difference in rates of 
cardiovascular events between those assigned to 
the Mediterranean diets and those assigned the 
control diet was greater among participants with 
better adherence. These results support previously 
reported benefits of the Mediterranean diet for 
cardiovascular risk reduction from a randomized 
trial.4,25,26 Our findings are also consistent with 
those of previous observational studies.2,5,23,25-33 
Table S11 in the Supplementary Appendix sum-
marizes the findings from systematic reviews on 
this issue.

In response to a 2017 report11 suggesting 
that distributions of baseline variables in the 
PREDIMED trial were significantly different from 
what would have been expected to result from 
randomization, we conducted an extensive review 
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Figure!1.!Kaplan–Meier!Estimates!of!the!Cumulative!
!Incidence!of!End-Point!Events!in!the!Total!Study!
!Population.

Panel A shows the incidence of the primary end point 
(a composite of acute myocardial infarction, stroke, 
and death from cardiovascular causes), and Panel B 
shows total mortality. The insets show the same data 
on an expanded y axis. Hazard ratios were stratified 
according to sex, recruiting site, and educational level 
(five categories) and adjusted for age (continuous vari-
able), smoking (never smoked, former smoker, or cur-
rent smoker), hypertension (yes or no), dyslipidemia 
(yes or no), diabetes (yes or no), family history of pre-
mature coronary heart disease, body-mass index (con-
tinuous variable), waist-to-height ratio (continuous 
variable), physical activity (in quintiles), and propensity 
scores that estimated the probability of assignment to 
each intervention group on the basis of 30 baseline 
variables (see pages 12 through 17 in the Supplemen-
tary Appendix). Robust standard errors to account for 
intracluster correlations were used. CI denotes confi-
dence interval, EVOO extra-virgin olive oil, and Med 
Mediterranean.
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(Adapted from Estruch et al., 2018)

KAPLAN-MEIER ESTIMATES OF THE CUMULATIVE INCIDENCE OF END-POINT 
EVENTS IN THE TOTAL STUDY POPULATION

Based on numerous clinical trials carried out in the past few decades, in 2004 the US Food
and Drug Administration (FDA) and more recently the European Food Safety Authority
(EFSA), authorized the health claims for olive oil, suggesting a dose of 20-23 g/day as a
replacement for the same amount of saturated fats to reduce the risk of coronary diseases

(Flori et al., 2019)



Extra Virgin Olive Oil is described as having a free acidity, expressed as
oleic acid, of not more than 0.8 grams per 100 grams and a peroxide value
of less than 20 milliequivalent O2. It must be produced entirely by
mechanical means without the use of any solvents, and under
temperatures that will not degrade the oil (less than 86°F, 30°C).
The name Extravirgin olive oil is not correlated to the polyphenols
content.

• Oleuropein is very abundant in the 
early stages of fruit maturation. In  
young fruits it can reach 14% of dry 
matter. Its content decrease during 
the maturation  and Hydrossityrosol
increase.

• Most part of Hydrossityrosol follows 
vegetation waters (hydrosulubility) 
during the process of oil making.

• Most content of polyphenols 
precipitates with the water emulsified 
(small part) inside oil after some 
months of conservation

Nutrients 2019, 11, 1962 13 of 28
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Based on a critical analysis of recent scientific literature, Figure 2 illustrates the main factors that 
can directly influence the olive oil composition (i.e., saponifiable and unsaponifiable fractions) during 
production as well as the degradation rate of main health compounds during storage.  

 

Figure 2. Main parameters that can influence olive oil shelf life: Characteristics of olive oil before 
storage and storage conditions. 

5.1. Chemical Composition of Olive oil at Starting of Storage Time 

The chemical and organoleptic quality of olive oil depends on several factors, such as the 
geographical location of the olive grove, the chemical and microbiological composition of the soil, the 
evolution of the climatic conditions during fruit ripening, and the extraction process [176–178]. 

Among the several variables that could potentially determine the quality of this product, the oil 
composition can be greatly affected not only by the cultivar (genetic variability) as well as the 
ripening degree but also by the cultivation techniques (i.e., irrigation system) and the climatic 
conditions occurring in a specific crop season. 

5.1.1 Characteristic of Raw Materials: Olive Cultivar, Ripening Degree, and Agronomic Practices 

The oxidative stability of olive oil with respect to other vegetable oils is mainly due to its fatty 
acid composition, to the high MUFA/PUFA ratio in particular, and to the presence of minor 
compounds (i.e., polyphenols, carotenoids) that play a main role in preventing oxidation [173].  

The expression of phenolic compounds in olive fruit is predominately driven by genetic factors, 
and large differences exist between olive cultivars [179]. In all cultivars, Ole and HT are the major 
phenolic compounds, but their concentrations vary considerably between cultivars at the same 
degree of ripeness [180].  

Figure 2. Main parameters that can influence olive oil shelf life: Characteristics of olive oil before
storage and storage conditions.

5.1. Chemical Composition of Olive oil at Starting of Storage Time

The chemical and organoleptic quality of olive oil depends on several factors, such as the
geographical location of the olive grove, the chemical and microbiological composition of the soil,
the evolution of the climatic conditions during fruit ripening, and the extraction process [176–178].

Among the several variables that could potentially determine the quality of this product, the oil
composition can be greatly a↵ected not only by the cultivar (genetic variability) as well as the ripening
degree but also by the cultivation techniques (i.e., irrigation system) and the climatic conditions
occurring in a specific crop season.

5.1.1. Characteristic of Raw Materials: Olive Cultivar, Ripening Degree, and Agronomic Practices

The oxidative stability of olive oil with respect to other vegetable oils is mainly due to its fatty acid
composition, to the high MUFA/PUFA ratio in particular, and to the presence of minor compounds
(i.e., polyphenols, carotenoids) that play a main role in preventing oxidation [173].

The expression of phenolic compounds in olive fruit is predominately driven by genetic factors,
and large di↵erences exist between olive cultivars [179]. In all cultivars, Ole and HT are the major
phenolic compounds, but their concentrations vary considerably between cultivars at the same degree
of ripeness [180].

During fruit ripening and processing, many chemical and enzymatic transformations that a↵ect the
accumulation of phenols inside the olives may take place [181]. In particular, due to the transformation
of more structured compounds, phenols with a low molecular weight are produced [176]. As a

However, the quality of Olive oil depend on a process that begins with 
the olive ripening and finishes with the packaging

(Flori et al., 2019)



Mediterranean diet 
and French Paradox

WINE

(Renaud & Lorgeril, 1992)
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nofsky or ECOG [Eastern Cooperative Oncology Groups
scale) are also heavily weighted towards physical acti-
vity and may not give useful information about the pa-
tients’ quality of life. We are, therefore, attempting to
assess patients’ well-being by linear analogue self-assess-
ment scores.6 The cost-effectiveness, even of a unit
committed to evaluating cancer treatment, is impossible
to judge. However, emphasis clearly needs to be given to
defining the aims of systemic treatment and assessing
palliative treatment. No similar analyses have been pub-
lished on the outcome of total referral to a radiotherapy
or leukaemia unit, or indeed any specialist medical unit.
Such figures as have been published tend to focus on
selected patient-groups and do not present the overall
outcome. We hope that other analyses may be published

so that the total experience reported here can be placed
in context.
We thank Dr Joyce Ford of the N.S.W. Cancer Registry for her

help, and the surgeons, physicians, and radiotherapists who referred
patients.

Requests for reprints should be addressed to M. H. N. T.
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Occasional Survey

CORONARY HEART DISEASE IN
MIDDLE-AGED FRENCHMEN

Comparisons between Paris Prospective Study,
Seven Countries Study, and Pooling Project

PIERRE DUCIMETIERE
FRANCOIS CAMBIEN

JACQUES L. RICHARD
ROGER RAKOTOVAO

JEAN R. CLAUDE

Group d’Etude sur l’Epid&eacute;miologie de l’Ath&eacute;rosclerose,
Paris, France

Summary A systematic comparison was made of
the incidence rates of major coronary

heart disease (CHD), defined as fatal and non-fatal myo-
cardial infarction and probable CHD deaths, observed
in the Paris Prospective Study, the European and Amer-
ican cohorts of the Seven Countries Study, and the popu-
lations of the Pooling Project. The Paris study results
were adjusted to the age-distribution and follow-up
duration of the other studies. The major CHD incidence
rate in the Paris study proved to be intermediate
between those observed in Northern and Southern Euro-
pean populations and half to one-third those observed in
the American populations. Mean risk-factor levels were
of the same order of magnitude as in the whole Euro-
pean group and were lower than in the Pooling Project
population, particularly for cholesterol and smoking.
The coefficients of risk factors in the multivariate analy-
sis of risk among the four studies showed similar gra-
dients of risk except for a steeper gradient with smoking
in the Paris Prospective Study. After adjustment to the
risk-factor levels, major CHD incidence in the Paris
study was comparable with that in the European popu-
lation but lower than those in the U.S. Railroad popula-
tion (ratio of predicted numbers of cases= 1&middot;56) and the
Pooling Project population (ratio of predicted numbers
of cases= 2&middot;24).

INTRODUCTION

CORONARY heart disease (CHD) mortality rates (ICD
code A83) in France are strikingly lower, at all ages and
for both sexes, than those observed in most comparable

developed countries. The possibility that the French
may be protected in some way against coronary disease
was suggested more than 20 years ago. But, as recently
pointed out,2 even at the time it was realised that French
death-certification habits might explain, at least in part,
the apparently very low mortality rates from CHD.3 In
a more detailed analysis of mortality statistics by cause,
combinations of subcodes of the International Classifica-
tion of Diseases dispersed under different headings gave
much more reasonable estimates of the burden of CHD
on French mortality.4 But even according to these esti-
mates CHD death rates were distinctly lower than those
in northern and eastern Europe and in the U.S.A.
The primary objective of the Paris Prospective Study

(1967-77) was to establish the incidence of CHD in an
occupational group of Frenchmen between the ages of
40 and 60. Systematic comparison of the results of this
study, the first in France, and those of similar studies in
other countries, might shed light on the apparent geo-
graphical differences even though the survey popula-
tions were not generally representative of their coun-
tries.
The Framingham and other population studies

demonstrated the feasibility of predicting from risk fac-
tors the chance of occurrence of CHD in an individual,
and from the Paris Prospective Study risk tables have
been constructed based on five risk factors-age, blood-
pressure, cholesterol level, cigarette smoking, and clini-
cal diabetes.5 With these findings we have tried to

answer two questions: (i) Are differences in CHD inci-
dence between France and other countries accompanied
by differences in mean risk-factor levels? and (ii) If so,
are the differences great enough to "explain" the differ-
ences in incidence rates? For comparison we used two
prospective studies with protocols similar to that of the
Paris Prospective Study-the Seven Countries Study in
Europe and the U.S.A.,6, and the Pooling Project,
which grouped five of the main American prospective
surveys.8

MATERIAL AND METHODS

Definition of End-points
Published data from the Seven Countries Study and the

Pooling Project permit us to obtain incidence rates of a subset
of clinical complications of coronary insufficiency for men with

(Ducime8ere et al., 1980)
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the biological activities of this molecule. The recent paper from Yeung et al. [34], which
is a reference work for the literature quantitative research analysis approach used, pro-
vides a comprehensive literature analysis addressed on resveratrol, outlining its relevance
as a highly researched commercially available dietary ingredient and food supplement.
The most significant contributors came from the USA, China, Italy, South Korea, and
Spain. The main part of the publications frequently investigated diseases or conditions,
including Alzheimer’s disease, breast cancer, obesity, atherosclerosis, and coronary heart
diseases. In that paper, however, which used the same methodological approach used for
this perspective, the focus was on resveratrol as one single compound among the most
frequently mentioned polyphenols, and most of the publications appeared in journals
specializing in biochemistry and molecular biology, pharmacology and pharmacy, food
science technology, cell biology, or oncology. In the present perspective, the entire group of
the polyphenolic compounds that can be identified in wine are considered the main health-
capacity-possessing constituents of wine in relation to health. Among these compounds,
resveratrol is more present in grape peels than in wine, and it is a component of the whole
ensemble of polyphenols evaluated all together in the literature search for their effect and
impact on health.
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Publications and citation trends of the relationships between wine polyphenols and
health research are reported in Figure 2.

The types of documents related to the 1497 publications retrieved were distributed as
reported in Figure 3. Both “Article” and “Review” account for 53.8% and 25.7%, respec-
tively, followed by “Book chapter” (9.8%) and “Conference paper” (4.3%).

Appl. Sci. 2021, 11, 4762 4 of 13

the biological activities of this molecule. The recent paper from Yeung et al. [34], which
is a reference work for the literature quantitative research analysis approach used, pro-
vides a comprehensive literature analysis addressed on resveratrol, outlining its relevance
as a highly researched commercially available dietary ingredient and food supplement.
The most significant contributors came from the USA, China, Italy, South Korea, and
Spain. The main part of the publications frequently investigated diseases or conditions,
including Alzheimer’s disease, breast cancer, obesity, atherosclerosis, and coronary heart
diseases. In that paper, however, which used the same methodological approach used for
this perspective, the focus was on resveratrol as one single compound among the most
frequently mentioned polyphenols, and most of the publications appeared in journals
specializing in biochemistry and molecular biology, pharmacology and pharmacy, food
science technology, cell biology, or oncology. In the present perspective, the entire group of
the polyphenolic compounds that can be identified in wine are considered the main health-
capacity-possessing constituents of wine in relation to health. Among these compounds,
resveratrol is more present in grape peels than in wine, and it is a component of the whole
ensemble of polyphenols evaluated all together in the literature search for their effect and
impact on health.
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Table 1. The top-recurring terms on the relationships between wine polyphenol and health re-
search. (Bibliometric data were extracted from the Scopus online database and elaborated by
VOSviewer software).

Term Occurrence

human/humans 1363
polyphenol/polyphenols 1108

wine 750
antioxidant/antioxidants 718

non-human 483
resveratrol 471
red wine 450

flavonoids 349
antioxidant activity 343

cardiovascular disease 330
controlled study 326

animals 322
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been applied to the identification and structural characterization
of wine phenolic compounds, as recently reviewed by Fulcrand
et al. (1999a) and Stobiecki (2000) and Flamini (2003). Gas
Chromatography-Electron Impact Mass Spectrometry (GC/EI-
MS) was the first MS technique applied to the study of grape
and wine polyphenols. However, due to the low volatility of
polyphenols, derivatization of hydroxyl groups (methylation,
trimethylsilylation, and acetylation) needed to be performed,
and fragment ions produced by EI provided limited informa-
tion on the molecular weight of the original compound. At
present date, EI interfaces coupled with GC are used for studying
small polyphenol molecules, such as phenolic acids (Robbins,
2003). Desorption ionization techniques, including Desorption
Chemical Ionization (DCI), Fast Bombarment-Mass Spectrom-
etry (FAB-MS), and Liquid Secondary Ions-Mass Spectrome-
try (LSI-MS), were later introduced for the structural study of
polyphenols and were mainly applied to the identification of iso-
lated molecules. The previous purification and dissolution of
the sample in polar matrixes were the main disadvantages of
the two latter techniques. Thermospray (TSP) and Atmospheric
Pressure Ionization (API) interfaces, such as Atmospheric Pres-
sure Chemical Ionization (APCI) and Electrospray Ionization
(ESI) coupled with liquid chromatography, were developed in
parallel, enabling great advances in this field. More recently,
tandem mass (MS-MS) and multiple mass spectrometry instru-
ments (MSn) have been demonstrated to be powerful tools for the
identification and characterization of wine polyphenols, as well
as for the study of their transformation products during aging.
Finally, Matrix Assited Laser Desorption Ionization (MALDI)
interfaces combined with Time of Flight (TOF) analyzers per-
mit wider mass ranges that are especially suitable for the direct
analysis of complex mixtures and polymeric polyphenols.

The aim of the present article is to summarize the numer-
ous advances recently achieved in the study of wine polyphe-
nol chemistry. The next two sections detail, respectively, the
non-flavonoid and flavonoid phenolic compounds found in wine,
including the mass spectral data of the latest compounds iden-
tified. The last section describes the main chemical reactions
involving phenolic compounds during winemaking: (a) Enzy-
matic and chemical oxidation reactions that lead to the browning
of white grape must and wines, although they could also par-
ticipate in red winemaking; (b) anthocyanin-tannin and tannin-
tannin direct and acetaldehyde-mediated condensation reac-
tions; (c), C-4/C-5 anthocyanin cycloaddition reactions with
other molecules, some of them originated as the result of the
yeast alcoholic fermentation, leading to the formation of pyra-
noanthocyanins. These two latter groups of reactions seem to
be partly responsible for the color changes (from bright red to
tawny) and for the decrease in astringency that usually take place
during red wine maturation and aging.

NON-FLAVONOID PHENOLIC COMPOUNDS IN WINE

Main non-flavonoid compounds present in grapes and in wine
are phenolic acids (hydroxybenzoic and hydroxycinnamic acids)

Figure 1 Phenolic acids and their derivatives.

(Figure 1), so are other phenolic derivatives, such as stilbenes
(Figure 2).

Phenolic Acids

Hydroxybenzoic Acids

Gallic acid (Figure 1) is the only hydroxybenzoic acid that
has been formally identified native state in grapes, found in the
solid parts of the berry, either in free form or in the form of
flavanol ester (i.e., epicatechin-3-O-gallate) (Su and Singleton,
1969). However, other hydroxybenzoic acids also can be found
in wines, including p-hydroxybenzoic, protocatechuic, vanillic,
syringic, and gentisic acids (Figure 1) (Drawert et al., 1974,
1977; Salagoı̈ty-Auguste and Bertrand, 1984; Güntert et al.,
1986; Santa Marı́a et al., 1987; Alonso et al., 1988; Fernández
de Simón et al., 1992, 1993; Garcı́a-Viguera and Bridle, 1995;
Peña-Neira et al., 2000; Vanhoenacker et al., 2001; Ibern-Gómez
et al., 2002; Zou et al., 2002; Pozo-Bayón et al., 2003; Mona-
gas, 2004). Mass spectral data reported for these hydroxybenzoic
acids and their derivatives are given in Table 1.

Several hydroxybenzoic acid derivatives have been identi-
fied in Riesling wine, including ethyl vanillate, ethyl p-hydroxy-
benzoate, ethyl p-hydroxyphenylacetate, and the methyl esters
of protocatechuic and vanillic acids (Güntert et al., 1986)
(Table 1). Additionally, ethyl protocatechuate, ethyl gallate, and
the glucose ester of vanillic acid have been recently identi-
fied in Riesling wine (Baderschneider and Winterhalter, 2001)
(Table 1). The two latter compounds have also been detected
in red wines (Monagas et al., 2003a; Monagas, 2004). Finally,
Lu and Foo (1999) have identified the 3- and 4-O-glucosides of
gallic acid in white grape marc.
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been applied to the identification and structural characterization
of wine phenolic compounds, as recently reviewed by Fulcrand
et al. (1999a) and Stobiecki (2000) and Flamini (2003). Gas
Chromatography-Electron Impact Mass Spectrometry (GC/EI-
MS) was the first MS technique applied to the study of grape
and wine polyphenols. However, due to the low volatility of
polyphenols, derivatization of hydroxyl groups (methylation,
trimethylsilylation, and acetylation) needed to be performed,
and fragment ions produced by EI provided limited informa-
tion on the molecular weight of the original compound. At
present date, EI interfaces coupled with GC are used for studying
small polyphenol molecules, such as phenolic acids (Robbins,
2003). Desorption ionization techniques, including Desorption
Chemical Ionization (DCI), Fast Bombarment-Mass Spectrom-
etry (FAB-MS), and Liquid Secondary Ions-Mass Spectrome-
try (LSI-MS), were later introduced for the structural study of
polyphenols and were mainly applied to the identification of iso-
lated molecules. The previous purification and dissolution of
the sample in polar matrixes were the main disadvantages of
the two latter techniques. Thermospray (TSP) and Atmospheric
Pressure Ionization (API) interfaces, such as Atmospheric Pres-
sure Chemical Ionization (APCI) and Electrospray Ionization
(ESI) coupled with liquid chromatography, were developed in
parallel, enabling great advances in this field. More recently,
tandem mass (MS-MS) and multiple mass spectrometry instru-
ments (MSn) have been demonstrated to be powerful tools for the
identification and characterization of wine polyphenols, as well
as for the study of their transformation products during aging.
Finally, Matrix Assited Laser Desorption Ionization (MALDI)
interfaces combined with Time of Flight (TOF) analyzers per-
mit wider mass ranges that are especially suitable for the direct
analysis of complex mixtures and polymeric polyphenols.
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tified. The last section describes the main chemical reactions
involving phenolic compounds during winemaking: (a) Enzy-
matic and chemical oxidation reactions that lead to the browning
of white grape must and wines, although they could also par-
ticipate in red winemaking; (b) anthocyanin-tannin and tannin-
tannin direct and acetaldehyde-mediated condensation reac-
tions; (c), C-4/C-5 anthocyanin cycloaddition reactions with
other molecules, some of them originated as the result of the
yeast alcoholic fermentation, leading to the formation of pyra-
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(Figure 1), so are other phenolic derivatives, such as stilbenes
(Figure 2).

Phenolic Acids

Hydroxybenzoic Acids

Gallic acid (Figure 1) is the only hydroxybenzoic acid that
has been formally identified native state in grapes, found in the
solid parts of the berry, either in free form or in the form of
flavanol ester (i.e., epicatechin-3-O-gallate) (Su and Singleton,
1969). However, other hydroxybenzoic acids also can be found
in wines, including p-hydroxybenzoic, protocatechuic, vanillic,
syringic, and gentisic acids (Figure 1) (Drawert et al., 1974,
1977; Salagoı̈ty-Auguste and Bertrand, 1984; Güntert et al.,
1986; Santa Marı́a et al., 1987; Alonso et al., 1988; Fernández
de Simón et al., 1992, 1993; Garcı́a-Viguera and Bridle, 1995;
Peña-Neira et al., 2000; Vanhoenacker et al., 2001; Ibern-Gómez
et al., 2002; Zou et al., 2002; Pozo-Bayón et al., 2003; Mona-
gas, 2004). Mass spectral data reported for these hydroxybenzoic
acids and their derivatives are given in Table 1.

Several hydroxybenzoic acid derivatives have been identi-
fied in Riesling wine, including ethyl vanillate, ethyl p-hydroxy-
benzoate, ethyl p-hydroxyphenylacetate, and the methyl esters
of protocatechuic and vanillic acids (Güntert et al., 1986)
(Table 1). Additionally, ethyl protocatechuate, ethyl gallate, and
the glucose ester of vanillic acid have been recently identi-
fied in Riesling wine (Baderschneider and Winterhalter, 2001)
(Table 1). The two latter compounds have also been detected
in red wines (Monagas et al., 2003a; Monagas, 2004). Finally,
Lu and Foo (1999) have identified the 3- and 4-O-glucosides of
gallic acid in white grape marc.
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Figure 3 Flavones, flavonols, flavanonols, anthocyanins, and flavanols.
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Figure 2 Stilbenes and their derivatives.

Hydroxycinnamic Acids

The hydroxycinnamic acids are located in the vacuoles of the
skin and pulp cells in the form of tartaric esters (Ribéreau-Gayon,
1965). Caffeoyltartaric (caftaric), p-coumaroyltartaric (cutaric),
and feruloyltartaric (fertaric) acids (Figure 1), are present in their
trans form, although small quantities of the cis isomers also exist
(Singleton et al., 1978). The presence of the glucose esters of
trans p-coumaric and ferulic acids have also been reported in
grapes (Reschke and Herrmann, 1981).

Wine additionally contains the free acids and other esters
of hydroxycinnamic acids (Drawert et al., 1974; Baranowski
and Nagel, 1981; Santa Marı́a et al., 1987; Somers et al., 1987;
Fernández de Simón et al.,1992, 1993). In young Riesling wine,
the free forms of trans-caffeic and p-coumaric acids and the
derivatives, trans-ethyl caffeoate, trans-ethyl p-coumaroate, and
trans-diethyl caffeoyltartrate, were reported by Somers et al.
(1987). The presence of the cis isomer of p-coumaric acid in
Riesling wine was reported by Baranowski and Nagel (1981).
Drawert et al. (1974) also detected the presence of trans-ferulic
acid in wine. Recently, Baderschneider and Winterhalter (2001)

characterized two isomers resulting from the esterification of
trans-caftaric acid with a molecule of ethanol (ethyl caffeoyl-
tartrate) in Riesling wine. Table 2 reports mass spectra of the
hydroxycinnamic acids and their derivatives found in
wines.

In relation to the glucose derivatives in wines, Ong and Nagel
(1978) first identified two derivatives composed either by caffeic
or p-coumaric acid, a molecule of glucose, and tartaric acid in
Riesling. Must Somers et al. (1987) also identified a possible
derivative of trans-cutaric acid in glucose. Biau et al. (1996)
later identified the 4-O-glucosides of cis- and trans-p-coumaric
in white wine. Cooper and Marshall (2001) also identified glu-
cose derivatives of caffeic and sinapic acids both in white and
red wines, although they could not elucidate their structure. Re-
cently, Baderschneider and Winterhalter (2001) identified, for
the first time, the glucose esters of trans-p-coumaric, trans-
ferulic and cinnamic acids in Riesling wine, as well as the 4-
O-glucoside of cis and trans-ferulic acid. Two glucose esters
of trans-p-coumaric acid have also been detected in red wines
(Monagas, 2004) (Table 2).

Other compounds with phenylpropanoid structure can
be found in wine, such as p-hydroxyphenylpropionic acid,
2-hydroxy-3-phenylpropionic acid, 2-[4-(3-hydroxypropyl)-2-
methoxyphenoxy]-propan-1,3-diol, and its glycerol adduct, 2,3-
dihydroxy-1-(4-hydroxy-3-methoxyphenyl)-propan-1-one,
among others (Drawert et al., 1977; Etiévant, 1981; Gómez-
Cordovés et al., 1997; Baltenweck-Guyot et al., 2000;
Baderschneider and Winterhalter, 2001).

Stilbenes

The hydroxylated stilbenes (Figure 2) are phytoalexins syn-
thesized by the plant, especially in the skins, leaves, and roots, in
response to fungal infections and ultraviolet (UV) light
(Langcake and Pryce, 1977; Hart, 1981; Jeandet et al., 1991;
Korhammer et al., 1995). The grapes and their derived products
are considered the most important dietary sources of stilbenes
(Mattivi et al., 1995).

Trans and cis resveratrol (3,5,4!-trihydroxystilbene), as well
as their glucose derivatives (trans and cis piceid; Figure 2), have
been identified in grapes and wines (Mattivi, 1993; Jeandet et al.,
1994; Roggero and Archier, 1994; Waterhouse and Lamuela-
Raventós, 1994; Goldberg et al., 1995; Lamuela-Raventós et al.,
1995; Mattivi et al., 1995; Baderschneider and Winterhalter,
2000; Vanhoenacker et al., 2001; Monagas, 2004). Table 3
presents mass spectral data of stilbenes and their derivatives
found in wine.

In recent years, new stilbenes derivatives have been reported
in wine. Lamikanra et al. (1996) tentatively identified a series of
mono-, di-, and tetrahydroxystilbenes in wines. Later, Ribeiro
de Lima et al. (1999) characterized the compound 3,5,3!,4!-
tetrahydroxystilbene-3-O-glucoside (trans-astringin) in red and
white wines (Figure 2; Table 3). Recently, Baderschneider and
Winterhalter (2000) isolated and characterized the following
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1407 and 2485!mg!L"1 in the 2015 vintage, and from 
1200 to 2227!mg!L"1 in the 2016 vintage. These results 
are comparable to those reported for the Vranac and 
Krato#ija wines produced in the Podgori$ki sub-region 
in the 2012 vintage, between 1265–2032!mg!L"1 [21] 
and between 2000–2019!mg!L"1 in Vranac wines dur-
ing the seasons 2008–2010 [20]. Our results are also in 
accordance with the total phenol content for Macedo-
nian (1394–3097!mg!L"1) [13] and Croatian red wines 
(1012–3264 mg!L"1) [14].

The content of total anthocyanins in the examined wines 
varied between 253–815! mg! L"1 in 2015 and between 
220–883!mg!L"1 in 2016. The results are comparable to 
those reported for Montenegrin red wines from Vranac 
(600–870!mg!L"1 in 2008 and 640–790!mg!L"1 in 2009) pro-
duced with di%erent fermentation methods in the Podgori$ki 
sub-region [31]. Our results are also in agreement with those 
of Ko#merl et!al. [21] regarding Montenegrin red wines from 
Vranac and Krato#ija, as well as with Kallitraka et!al. [32] 
regarding international Greek wines.

Regarding the contents of LMP, the variation was from 
451 to 1642!mg!L"1 in 2015 and from 297 to 1129!mg!L"1 
in 2016. The content of HMP was higher, ranging between 
1632–3430!mg!L"1 in 2015 and between 1177–2771!mg!L"1 
in 2016. Our results are within the range obtained in other 
studies that used the same techniques. Mattivi et!al. [33] 
analyzed Italian red wines and reported a great variation 
in LMP, between 79–2431!mg!L"1, and in HMP, between 
112–3550! mg! L"1. Baiano et! al. [34] reported values 
between 953–2366!mg!L"1 for LMP and 1581–3687!mg!L"1 
for HMP in Primitivo wine from the Puglia wine region in 
Italy.

The total phenol content was much lower in white 
wines than in red wines (Table! 3). It ranged between 
255–427!mg!L"1 in 2015 and between 202–322!mg!L"1 
in 2016. The results obtained are in accordance with 
the total phenols content in white wines from Croatia 
(301–402!mg!L"1) [35], and a little higher than those of 
the varieties Krsta$ and &i'ak (253.9 and 275!mg!L"1) 
from the Podgori$ki sub-region of Montenegro [21] 

Table 3  Content of 
polyphenols (mg!L"1) 
(TP—Total polyphenols, 
TA—total anthocyanins, 
LMP—low-molecular 
weight proanthocyanidins, 
HMP—high-molecular weight 
proanthocyanidins) and 
ABTS (mM!L"1) in the wines 
(Vranac—V, Krato#ija—K, 
Cabernet Sauvignon—
CS, Krsta$—WK and 
Chardonnay—WCh) from the 
2015 and 2016 vintages

Di%erent superscript small letters in the same row indicate significantly di%erent mean values (P < 0.05) for 
wines from di%erent producers in the same vintage and for the red and white wines separately
Di%erent superscript capital letters indicate significantly di%erent mean values (P < 0.05) for varietal wines 
and for the red and white wines separately
ANOVA was used to compare data between vintages (n.s. not significant and **P ( 0.05)
a expressed as mM!L"1 of Trolox equivalents

TP TA LMP HMP ABTSa

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016

V1 1834bc 1780cd 800a 776b 1082bc 495c 3088ab 2137b 17.5ab 15.1c

V2 1623cd 1551d 815a 738b 818cd 449c 2102c 1625c 16.2ac 15.0c

V3 2182ab 2064ab 814a 883a 1259ab 1001b 2714b 2585ab 20.1db 18.2a

Mean 1880B 1798B 810A 799A 1053A 648B 2635B 2116B 18.0B 16.0B

K1 1470cd 1239e 253d 220e 995bc 445ce 1848c 2012b 15.3ac 11.8d

K2 2063b 1837bc 308d 484d 1292ab 819d 2799b 1880bc 20.5db 15.8bc

K3 1407d 1200e 407c 296e 451d 297e 1632d 1177d 13.8c 10.8d

Mean 1647C 1425C 323C 333C 913B 520C 2093C 1690C 17.0C 13.0C

CS1 2133ab 2227a 457c 584c 1642a 1183a 3306ab 2771a 19.1b 18.8a

CS2 1972b 1724cd 710b 858a 1112bc 567c 2939b 2274b 17.6ab 15.8bc

CS3 2485a 1867cb 636b 463d 1587a 1129ab 3430a 2454a 22.8d 16.8b

Mean 2197A 1939A 601B 602B 1447A 960A 3225A 2500A 20.0A 17.0A

WK1 389ab 277ab – – 51a 26ab 267 174 1.8abc 1.4ab

WK2 427a 301a – – 47a 37a 282 179 2.1a 1.5ab

WK3 408a 322a – – 52a 31b 296 177 2.0ab 1.6a

Mean 408A 300A – – 50A 31A 282 177 2.0A 1.5
WCh1 255c 202c – – 27b 18d 248 182 1.2c 0.9b

WCh2 334bc 229bc – – 22b 26c 254 195 1.4bc 1.0ab

WCh3 295c 245bc – – 25b 25c 269 188 1.2c 1.1ab

Mean 294B 226B – – 25B 23B 257 188 1.3B 1.0
ANOVA
Vintage ** n.s. ** ** **

Total polyphenols 
(Folin-Ciocalteu) mg/L

Cabernet sauvignon

Chardonnay

Among red wines…

(Giacosa et al., 2021)(Adapted from Pajovic Scepanovic et al., 2019)
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sitional difference of red and white wines from different countries in terms of resveratrol
were found which is summarized in the Table 2. Tyrosol was found to be upto 45 mg/L in
white wine and between 20 and 60 mg/L in red wines whereas hydroxytyrsols were found
to be 3.89 mg/L in red wine [6,39,40].

Table 1. Major chemical compounds in red wine.

Chemical Compounds Contents Reference

Glycerol 4–10 g/L [16]
Organic acids upto 6 g/L [16,17]

Sulfur-containing compounds: sulfite 10–80 mg/L [18,19]
Nitrogen-containing compounds:

Amino acids proteins
300 to 1300 mg/L

70–80 mg/L [20]

Higher alcohol
Isoamyl alcohol

300–600 mg/L
140–417 mg/L [16,21,22]

Minerals: potassium, nitrogen, phosphorus,
sulfur, magnesium and calcium, boron,

manganese, iron, and others
Total 1.5–3 g/L [17]

Flavonoids: flavonols up to 100 mg/L [6,24]
Flavanols up to 800 mg/L [6,24]

Anthocyanins up to 700 mg/L [6,24]
Condensed tannins

Hydrolysable tannins
1.2–3.3 g/L

up to 50 mg/L [24]

Proanthocyanidins 1 g/L [24]
Hydroxybenzoic acids 2–500 mg/L [16]

Hydroxycinnamic acids up to 100 mg/L [6,24]
Gallic acid up to 70 mg/L [6]
Stilbenes 1.1–2.7 mg/L [34–36]

Hydroxytyrosol up to 3.89 mg/L [6]

Table 2. Level of trans- and cis-resveratrol in some red wines.

No. Type of Wine, Grape Variety, Year of Production, (Country
of Production)

Resveratrol Content in mg/L

Trans-
Resveratrol Cis-Resveratrol Total

1 Red wine, “Exposicion Carmenere”, 2005, (Chile) 1.80 1.20 3.00
2 Red wine “Estampa Cabernet Sauvignon”, 2006, (Chile) 2.00 0.60 2.60
3 Red wine “Estampa Cabernet Sauvignon Merlot”, 2006, (Chile) 1.60 0.80 2.40
4 Red wine “Negroamaro Salento IGT”, 2006. (Italy, Apulia) 0.80 1.20 2.00
5 Red wine “Merlot Myskhako”, 2006, (Russia) 0.50 1.40 1.90
6 Red wine “Salento IGT”, 2006, (Italy, Apulia) 0.40 0.80 1.20
7 Red wine “Vistamar Cabernet Sauvignon”, 2006, (Chile) 0.80 0.20 1.00
8 Red wine “Cabernet Myskhako”, 2005, (Russia) 0.20 0.40 0.60
9 Red wine “Nero d0Avola Sangiovese Emporio”, 2004, (Italy, Sicily) 0.50 0.10 0.60
10 Red wine “Las Moras Malbec”, 2006, (Argentina) 0.25 0.35 0.60
11 Red wine “Merlot Tamani”, 2006, (Russia) 0.40 0.10 0.50
12 Red wine “Cabernet Tamani”, 2006, (Russia) 0.40 0.10 0.50
13 Red semi-dry Cabernet Sauvignon, 2006, (South Africa) 0.30 0.20 0.50
14 Red wine Chianti Badiolo, (Italy) 0.30 0.10 0.40
15 White wine Estampa Chardonnay, 2006, (Chile) 0.35 0.05 0.40
16 Red wine “Las Moras Bonarda”, 2006, (Argentina) 0.09 0.15 0.24
17 White wine “Chardonnay Myskhako”, 2007, (Russia) 0.12 0.07 0.19
18 White wine “Sauvignon Blanc Myskhako”, 2007, (Russia) 0.09 0.02 0.11
19 Rose wine “Folonari Bardolino Chiaretto”, 2005, (Italy) 0.05 0.06 0.11
20 White wine “Malvasia Chardonnay Salento IGT”, 2006, (Italy, Apulia) 0.10 0.01 0.11
21 White wine “Chardonnay Sicily IGT”, 2005\2006 (Italy, Sicily) 0.05 0.01 0.06

(Nemzer et al., 2021)
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2008) by increasing the risk of stroke (Reynolds et al., 2003)
and overall mortality (Romelsjö et al., 2012). Wine (or any
alcoholic beverage) consumption in any amount is contrain-
dicated for pregnant women, children, patients with liver
disease and in combination with certain medications. In add-
ition, regular wine consumption should be used with caution
in individuals predisposed to alcoholism, organic diseases,
cirrhosis, migraine headaches and allergies.
Finally, there are many reports of contaminants in wines

that pose potential health risks, including pesticide and fungi-
cide residues, acetic acid, bacteria, lead, fungi and mycotoxins
such as ochratoxin A (Guilford and Pezzuto, 2011), that may
also be present in beer (Medina et al., 2005). It is also known
that alcoholic beverages may be adulterated or contaminated
with methanol (Zhang et al., 2012), a potent neurotoxic.

CONCLUSIONS

Although it is undeniable that heavy or binge alcohol con-
sumption leads to an increase in the risk of all-causes death
and makes up an enormous social and economic problem
that must be addressed, moderate alcohol consumption, espe-
cially in the form of wine and beer, has cardioprotective
effects through different mechanisms. Nevertheless, although
they are hard to carry out and need careful ethical considera-
tions, more long-term clinical trials are needed to elucidate
whether other mechanisms may be involved in these protect-
ive effects and which type of alcoholic beverage is more
cardioprotective.
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Fig. 1. Cardiovascular effects of moderate red wine consumption. Apo A-1: Apolipoprotein-1; CRP: C-reactive protein; FMD: flow-mediated dilation; HDL:
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and catechins were evaluated. Suda et al. [243] assigned overweight NAFLD men to consume two bottles
of purple sweet potato beverage, where the phenolic compounds represented by acylated anthocyanins
were 400 mg/day, or placebo. After 8 weeks, the intake of phenolic compounds significantly reduced
the serum levels of ALT versus placebo. Sakata et al. [244] investigated the e↵ects of green tea with
high-density catechins in overweight NAFLD patients, randomized to consume di↵erent amounts of
catechins (0, 200, or 1080 mg/day) for 12 weeks in a cup of 700 mL/day. The consumption of the highest
dose of catechins significantly decreased serum ALT levels by 42% and improved liver fat content with
a liver-to-spleen CT attenuation ratio that increased from 92% to 102%. Another five clinical trials have
been conducted with resveratrol, but results were controversial [245].

In summary some promising data from animal and in vitro studies, as well from some short clinical
trials, suggest that polyphenols could play a role in the management of NAFLD, thus collaborating to
the beneficial e↵ect of MedDiet on NAFLD.

8. Conclusions

Low-to-moderate consumption of red wine with meals and virgin olive oil have been reported
to prevent cardiometabolic diseases, including CVD, T2DM, MetS and obesity. Current mechanisms
underlying the beneficial e↵ects of the MedDiet include a reduction in inflammatory and oxidative
stress markers, improvements in lipid profile, insulin sensitivity and endothelial function, as well as
antiatherosclerotic and antithrombotic properties, mainly attributable to their polyphenols content
(Figure 4).Nutrients 2019, 11, x FOR PEER REVIEW 15 of 29 

 
Figure 4. Impact of polyphenol content in moderate consumption of wine and olive oil on 
cardiovascular disease prevention and management. 
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Figure 4. Impact of polyphenol content in moderate consumption of wine and olive oil on cardiovascular
disease prevention and management.

In 2004 and 2011, the FDA and the European Food Safety Authority, respectively, authorized a
health claim for olive oil (and its phenolic compounds) consumption to prevent CHD, based on its
e↵ects on the lipid profile [139]. Consuming low-to-moderate amounts of red wine within the principal
meals, in a Mediterranean style, can also exert cardioprotection.
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Impact of polyphenol content in moderate consumption of wine and 
olive oil on cardiovascular disease prevention and management

(Ditano-Vázquez et al., 2019)



Caloric content of Wine ad Olive Oil

11-16% v/v
135-195 kcal

9-14% v/v
107-173 kcal

100 g

900 kcal

6 OZ 
(177 mL)

6 OZ 
(177 mL)

Red wine White wine
Olive oil



Weight loss: benefits

-3.0 units of Body 
Mass Index 

( about 9 kg)

Mortality: - 25%

Cholesterol: - 10%

Cholesterol HDL: + 4 mg/dl

Risk of diabetes: – 50%

Glycemia: – 30%

PAS: - 15 mmHg

PAD: - 10 mmHg

Ventricular mass: - 16%

Angina: - 50%

Exercise tolerance: + 33%



Thank you!
Alessandro Scalzini

ax.scalzini@gmail.com
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