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Dietary Polyphenols in the Prevention of Stroke

A. Tressera-Rimbau,1,2 S. Arranz,3 M. Eder,4 and A. Vallverdú-Queralt4

1Department of Nutrition, Food Science and Gastronomy, XaRTA, INSA-UB, School of Pharmacy and Food Science,
University of Barcelona, Barcelona, Spain
2CIBER Fisiopatología de la Obesidad y Nutrición, Instituto de Salud Carlos III, Madrid, Spain
3AZTI Tecnalia Food Research Division, Derio, Bizkaia, Spain
4INRA, UMR1083 Sciences pour l’œnologie, 2 Place Viala, 34060 Montpellier Cedex, France

Correspondence should be addressed to A. Vallverdú-Queralt; avallverdu@ub.edu

Received 8 June 2017; Accepted 4 October 2017; Published 24 October 2017

Academic Editor: Manuela Curcio

Copyright © 2017 A. Tressera-Rimbau et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Polyphenols have an important protective role against a number of diseases, such as atherosclerosis, brain dysfunction, stroke,
cardiovascular diseases, and cancer. Cardiovascular diseases are the number one cause of death worldwide: more people die
annually from cardiovascular diseases than from any other cause. The most important behavioural risk factors of heart
disease and stroke are unhealthy diet, physical inactivity, tobacco use, and excess alcohol intake. The dietary consumption of
polyphenols has shown to be inversely associated with morbidity and mortality by cardio- and cerebrovascular diseases. It is
well-known that the protective effects of polyphenols in vivo depend on the grade how they are extracted from food and on
their intestinal absorption, metabolism, and biological action with target tissues. The aim of this review was to summarise
the relation between polyphenols of different plant sources and stroke in human intervention studies, animal models, and
in vitro studies.

1. Introduction

Polyphenols are plant secondary metabolites and the most
abundant dietary bioactive compounds. It is known that
100,000 to 200,000 secondary metabolites exist. Plant poly-
phenols include flavonoid and nonflavonoid compounds
[1, 2]. Flavonoids are built from a basic structure made up
of an oxygenated heterocycle and 2 phenolic rings. They
are distinguished by the oxidation state of the heterocyclic
pyran ring, forming several groups (e.g., flavonols, flavanols,
and anthocyanins). Until now, over 4000 flavonoids have
been described in plants [1], and this number is constantly
expanding due to multiple ways by which primary substitu-
ents are replaced, yielding more complex structures. More-
over, flavan-3-ols are also found in oligomer and polymer
forms, known as proanthocyanidins. The nonflavonoids
include phenolic acids (benzoic and hydroxycinnamic acids)
and stilbenes. Further nonflavonoids that may be found

in nature are gallotannins, ellagitannins, stilbene oligomers,
and lignans [2].

Polyphenols possess a wide range of beneficial effects
against atherosclerosis, brain dysfunction, stroke, cardiovas-
cular diseases (CVD), and cancer [1, 3]. The most important
food sources are fruit and vegetables [3], red wine [4], black
and green teas [5], coffee [6], extra virgin olive oil [7], and
chocolate [8, 9]. Moreover, herbs, spices, and nuts are also
potentially relevant polyphenol sources [10, 11]. The current
dietary advice is that people should consume ≥5 portions of
fruit and vegetables every day, each portion being at least
80 grams (U.S. Department of Health and Human Services,
2010), keep the body mass index from 18.5 to 24.9 kg/m2,
and perform physical exercise [12].

It is well-known that the protective effects of polyphenols
in vivo depend on the grade how they are extracted from food
and on their intestinal absorption, metabolism, and biologi-
cal action with target tissues [13]. In the human digestive
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system, polyphenols can be metabolized by intestine or
hepatic cells or by intestinal microbiota. Advances in poly-
phenol bioavailability and metabolism, in the mechanisms
of action, and in the evidence of health effects on animal
models and humans have been reported [14]. There is an
interindividual variability of polyphenol metabolites present
in plasma and urine after the intake of different polyphenols
which has been correlated with human gut microbiota com-
position and/or genetic polymorphisms, and it is potentially
associated with specific health effects [15].

This review aims to summarise the current knowledge
about the effects of dietary polyphenols from different food
sources on stroke in human intervention studies, animal
models, and in vitro studies.

2. Dietary Polyphenols and CVD

According to the reported information from the World
Health Organization, CVD are the main cause of mortality
worldwide. In 2012, CVD caused over 17.5 million deaths,
which represented 31% of all deaths globally (7.4 and 6.7
million were caused by coronary heart disease and stroke,
resp.). The main risk factors for CVD and stroke are lack of
exercise, unhealthy diet, increased blood pressure, glucose
and lipids, obesity, and extensive use of tobacco and alcohol.
These risk factors should be controlled regularly and can be a
sign of an increased risk for stroke, heart attack, and heart
failure among others. Nonmodifiable risk factors for CVD
are increasing age, gender, ethnicity, and family history.
Thus, two-thirds of all strokes occur in people older than
65, mainly man and African-Caribbean.

Currently, the major risk factor for developing cardio-
and cerebrovascular diseases is hypertension, and it is the
major global health problem, affecting approximately 1
billion individuals and causing 7.6 million premature deaths,
as well as 6% of all causes of disability worldwide [16]. Anti-
hypertensives were the most distributed drugs (698 million
prescriptions) in the US during 2013 [12].

The dietary consumption of polyphenols was shown to
be inversely associated with cardio- and cerebrovascular
diseases due to the anti-inflammatory and antiatherogenic
properties of polyphenols, such as inhibition of peroxyl
radical-induced DNA strand breakage, inhibition of platelet
aggregation and of the expression of adhesion molecules to
the endothelium, and protection of low-density lipoprotein
(LDL) from oxidative damage [17, 18].

In certain inflammatory disease states, such as athero-
sclerosis, HDL particles may display atheroprotective
functions in reverse cholesterol transport and antioxidant,
anti-inflammatory, and antiapoptotic processes. Flavonoids
show the potential to improve HDL function through their
well-documented effects on cellular antioxidant status and
inflammation [19]. Different clinical trials have revealed the
atheroprotection of olive oil polyphenols through decreasing
plasma LDL concentrations and LDL atherogenicity and
improving HDL function [20, 21]. It has also been reported
that polyphenols can reduce inflammation by blocking cyto-
kines such as TNF-α, IL-1, IL-6, and IL-8 and C-reactive

protein that play an important role as inflammatory markers
in several diseases [18].

Several observational and short- or long-term interven-
tion trials with food that possesses large amounts of polyphe-
nols, such as virgin olive oil, cocoa, berries, and wine, have
clearly shown that polyphenols have a positive effect on
cardiovascular risk parameters. For example, BP levels are
inversely correlated with the consumption of food rich in
polyphenols. This may lead to the improvement in resistance
artery function and decreases in peripheral artery vascular
tone. However, most of these studies only take into account
one sole source of polyphenols or one food item [22–27].
Noad et al. [28] demonstrated that a diet rich in polyphenols
including six portions of fruits and vegetables, together with
dark chocolate and a portion of berries each day, shows an
improvement of microvascular function and decreases sys-
tolic BP. This is in accordance with several studies dealing
with the vasodilator effects of polyphenols [29, 30]. More-
over, polyphenols can inhibit alpha-glucosidase and lipase
activity [17].

Studies with wine and grape extracts have demonstrated
improved endothelial function in conduit and resistance
arteries [23, 26], possibly via nitric oxide- (NO-) dependent
pathways [23]. In experimental studies, dietary polyphenols
may help to stimulate NO endothelial secretion, which can
decrease BP. Studies with tea and cocoa found an improve-
ment in indirect measures of sympathetic nervous system
activity patterns, possibly contributing to the lowering of
peripheral vascular tone [27]. Moreover, hydroxytyrosol,
oleuropein, and secoiridoids, found mainly in olives or virgin
olive oils, may protect LDL particles from oxidation [12].
Further, cocoa flavanols have been assessed to play a role in
maintaining endothelium-dependent vasodilation [12].

3. Dietary Polyphenols and Stroke

3.1. Stroke: Definition and Epidemiology. A stroke is a cere-
brovascular disease related to atherosclerosis. It is caused by
the interruption of the blood supply to the brain, usually
because a vessel has either ruptured or been blocked by a
blood clot. The result of this reduction in blood supply is a
cut in the brain’s oxygen causing the sudden death of some
brain cells. Immediate symptoms are loss of speech, weak-
ness, paralysis of one side of the body, dizziness, nausea,
balance and coordination issues, and visual problems [31, 32].

Stroke is classified according to its aetiology as either
haemorrhagic or ischaemic, being the last one as the most
frequent (87% of cases). Haemorrhagic stroke is caused by
a bleed into the brain tissue due to the rupture of blood
vessels, aneurysms, or traumas. On the other hand, ischaemic
stroke is caused by the occlusion of a cerebral artery, and it
can be thrombotic or atherosclerotic and embolic or can be
produced by microartery occlusion [31, 32].

Stroke is the second main cause of mortality worldwide
and the main cause of adult disability, especially in middle-
(12.8%) and high-income countries (8.7%). Ischaemic heart
disease and stroke have been the world’s biggest killers in
the last 15 years. Only in 2015, they were together responsible
of 15 million deaths around the world [33] and this burden is
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predicted to increase due to the rapid rise of population older
than 65 years [31].

3.2. In Vitro Assays Dealing with Stroke Risk. Different
mechanisms of polyphenols on stroke prevention have
been elucidated through in vitro studies. A study carried
out by Gundimeda et al. [34] showed that trace amounts
of green tea polyphenol (GTPP) and epigallocatechin-3-
gallate (EGCG) could exhibit neurite outgrowth-inhibiting
activity and the growth cone-collapsing activity of Nogo-66
(C-terminal region of Nogo-A). Resveratrol and polyphenols
from green tea were able to reduce the reactive oxygen
species (ROS) in mitochondria and cell swelling in endothe-
lial cells [35]. Recent evidence also showed that resveratrol
can be considered a signaling molecule in tissues and cells
and thus act as a modulator for the expression of genes
and proteins [36]. Thus, they may prevent, in part, brain
edema and neural damage. One possible mechanism is that
polyphenols may decrease endothelial cell swelling through
Ca2+ reduction.

Mangiferin and morin, two natural antioxidants from
mango peel and Maclura pomifera, (commonly known as
the Osage orange), respectively, exhibited a wide spectrum
of antioxidant and antiapoptotic activities in an in vitro
model at micromolar concentrations [37]. These polyphenols
are promising neuroprotectors for the diverse pathologies,
such as cerebrovascular accident, epilepsy, stroke, brain
trauma, and spinal cord damage.

Spigoni et al. [38] observed in endothelial cells that
urolithins A and B and urolithin β-glucuronide had an influ-
ence on NO and NO synthase activation. Urolithin metabo-
lism may be linked to peripheral cells. eNOS expression
was activated by a mix of urolithins at 5μM and urolithin
β-glucuronide at 15μM. It is known that decreased eNOS
activation and reduction in NO bioavailability are two of
the key factors for endothelial dysfunction. Moreover, the
mix of urolithins at 5μM following 24h of incubation
increased significantly nitrite/nitrate levels, also important
in endothelial dysfunction.

Some reports show increased extracellular levels of gluta-
mate in certain neurodegenerative diseases, such as stroke
[39]. It is also very well-known that, in this brain disorder,
increases in ROS levels occur, which have been associated
with increased release and decreased uptake of glutamate
[40]. Abib et al. [41] evaluated the effects of (−)-epicatechin-
3-gallate (ECG), one of the threemajor green tea antioxidants,
on C6 lineage cells. They observed that after 6 h, there was a
beneficial cell response induced by ECG, indicating that
ECG should be able to protect the brain against excitotoxicity
induced by glutamate.

Another study reported that pycnogenol possesses scav-
enging activity against ROS and nitrogen species. In addition,
effects on NO metabolism were proven in the macrophage
cell line RAW 264.7 [42]. Cells were preincubated with pyc-
nogenol, showing significant decreases in NO generation.
This data sheds light on the biological activity of pycnogenol
and possibly other polyphenols as beneficial agents in several
human illnesses.

3.3. Animal Studies Determine the Molecular Mechanisms
Involved in Stroke Prevention. Several epidemiological studies
of dietary polyphenols on chronic disease prevention support
a protective effect of these compounds against CVD [43–45].
Some observational studies have also shown an inverse
association between the consumption of some classes of
polyphenols and the overall mortality [44, 46]. Involved
mechanisms have been elucidated from numerous studies
conducted in animal models (mainly rodents) with nutrition-
ally realistic levels of isolated flavonoids [47].

The health effect of polyphenols from tea, coffee, and
cocoa has been extensively evaluated in experimental studies
with animals, indicating beneficial effects on cardiovascular
health and a reduced risk of stroke. While tea and cocoa
exhibit beneficial effects on endothelial function, total and
LDL cholesterol (tea only), and insulin sensitivity (cocoa
only), moderate coffee consumption has been inversely
associated with the risk of stroke. However, further long-
term randomized clinical trials and prospective studies are
necessary to provide clear mechanisms by which coffee,
cocoa, and tea polyphenols offer cardiovascular health
benefits. Antihypertensive, hypocholesterolemic, antioxidant,
and anti-inflammatory activities have been proposed to these
polyphenols, as well as improvement of vascular endothelial
function and insulin sensitivity.

EGCG present in a limited number of plant-based foods
and beverages, such as green tea, exhibited neuroprotective
action in a cerebral ischaemia mouse model by controlling
the inflammation cascade [48, 49], providing antioxidant
and neuroprotective effects, possibly through the activation
of the NF-E2-related factor 2/antioxidant responsive element
signaling pathway [50]. A recent study described the first
in vivo results supporting the potential of the coadministra-
tion of EGCG with a recombinant tissue plasminogen activa-
tor to extend its therapeutic window in treating acute brain
ischaemia [51].

Quercetin, another flavonoid with similar antioxidant
effects as those of green tea polyphenols, reduced levels of
matrix metallopeptidase 9 (MMP-9) in cerebral ischaemia
studies and attenuated blood-brain barrier disruption [52].
In a rat model of heat stroke, quercetin therapy (30mg/kg)
showed an improvement of heat stroke outcomes by attenu-
ating excessive hyperthermia as well as myocardial injury.
The protective effects of quercetin could be attributed to
antilipid, peroxidative, antioxidant, and anti-inflammatory
properties [53]. Antihypertensive effects in a rat model
have also been attributed to quercetin that may induce a
progressive and sustained reduction in BP, oxidative stress,
or NO status [54]. Moreover, quercetin rutinoside (rutin)
has been found to control neural damage in cerebral
ischaemia [55].

Resveratrol has been extensively studied because of its
ability to modulate certain parameters linked with increased
cardiovascular risk [56]. Inhibition of lipid oxidation pro-
cesses has been proposed as the main mechanism involved
in neuroprotection. More recent results from a rat model of
transient middle cerebral artery occlusion indicate that res-
veratrol significantly decreases apoptosis, mitochondrial lipid
peroxidation, brain infarct volume, and edema [57, 58]. In
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the endothelium, resveratrol can stimulate NOS activity,
increasing the amount of NO in isolated rat aortas [59].

Polyphenols from grape powder, administered as a sup-
plement in a diet, have been reported to protect the brain
against ischaemic damage. The neuroprotective effects of
the GP supplement may have a wide implication in the future
for the prevention/protection against other neurodegenera-
tive damages [60].

Antioxidative, anti-inflammatory, antilipidemic, andneu-
roprotective properties have been attributed to curcumin in
experimental animal models [61]. In a porcine model with
endothelial dysfunction, for example, curcumin can effectively
block the detrimental effect of homocysteine on the vascular
system [62].

Diets enriched in anthocyanins from blueberries
provide neuroprotection after stroke induced in rats due
to their antiatherogenic and anti-inflammatory properties
[63, 64]. Consumption of pomegranate byproduct resulted
in a 57% reduction in atherosclerotic lesion size in mice
[65]. A red wine extract, rich in anthocyanin, reduces
injury induced by cerebral ischaemia in rats and protects
against ischaemia-induced excitotoxicity, energy failure,
and oxidative stress [66].

Hydroxytyrosol and oleuropein, polyphenols from olive
oil, are recognized as having an important role in the protec-
tion against CVD [67]. Olive oil supplementation in rabbits
improved the outcome of atherosclerosis by improving the
lipid profile and reducing platelet hyperactivity [68–70].

3.4. Dietary Polyphenols and Stroke: Results from Human
Clinical and Epidemiological Studies. Epidemiologic studies
are a useful tool to assess the association between dietary
intake of polyphenols and human health. Although no
cause-effect information can be obtained from these studies,
they have been broadly used to evaluate the effects of dietary
compounds on several diseases. The inverse association
between high-polyphenol content food (e.g., fruits, vegeta-
bles, and their derivatives) and CVD risk has been reported
elsewhere and seems indisputable. However, the question as
to whether polyphenols are responsible for this protection
is still under debate [71–73].

The consumption of alcoholic beverages with a high
polyphenol content (i.e., wine and beer) and stroke have also
been studied. The results of different observational studies
suggest that the relative risk of ischaemic stroke is lowered
by moderate alcohol consumption [74]. In fact, it is generally
accepted that the association between alcohol intake and
the risk of CVD and total mortality is demonstrated by
a J-shaped curve. The conclusion derived from these
graphs is that having one or two drinks per day, without
binge drinking, protects against CVD, particularly coronary
disease and ischaemic stroke [75, 76].

Since the formulation of the concept of the French para-
dox by epidemiologists in the 1980s, many efforts have been
made to elucidate its causes. The low incidence of CVD in the
French population despite a high intake of saturated fats has
been on the table for decades. Debates have focused on wine
consumption since it is the common element in all southern
European countries [77]. Red wine contains around 200mg

of polyphenols per 100 g [78] mainly anthocyanins and
flavan-3-ols and is one of the main contributors to total poly-
phenol intake in these countries [79–81].

Many experimental studies with resveratrol and stroke
have been conducted in animals; however, to date, no
clinical investigations have been performed in humans
who have survived a stroke. It is plausible that resveratrol
increases cerebral blood flow and enhances cerebrovascular
perfusion in these patients since these effects have been
observed in healthy subjects [82]. Other in vivo and animal
studies have reported benefits of wine polyphenols on
stroke protection [54].

Wine consumption has frequently been associated with
CVD protection although beer has been also studied. Never-
theless, only three studies have provided prospective data
concerning beer consumption and stroke [83–85], and only
one study found a significant inverse association for ischae-
mic stroke on comparing subjects who drank 1–6 drinks
per week with abstainers (61%; 95% CI: 16% to 81%) [86].
Thus, the data on beer and stroke currently available are
inconclusive albeit promising.

The effect of alcohol on cerebrovascular events is due to
its capacity to improve the lipid profile (increasing HDL
cholesterol and decreasing LDL cholesterol) and reduce
platelet aggregation and its anti-inflammatory effects.
Additionally, nonalcoholic components of wine and beer
such as polyphenols exert antiatherogenic and antithrom-
botic effects and regulate endothelial function through
different mechanisms [22].

Other polyphenol-rich drinks such as coffee or tea have
been associated with a lower risk of stroke. As with alcohol,
high consumption of coffee is considered a risk factor for
CVD, but moderate consumption may reduce the risk. A
meta-analysis of 11 prospective studies pointed out that the
risk of stroke was lower in subjects who consumed 6 or less
cups of coffee per day compared with nonconsumers. The
relative risks were similar for ischaemic and haemorrhagic
stroke, and no differences were observed with gender at lower
levels of coffee consumption (2 cups per day or less) [87].
More recent prospective studies confirmed these results for
stroke mortality and incidence [88–90]. It should be pointed
out that the many different ways of coffee preparation can
affect the polyphenol content and may lead to biased results.
Moreover, the mechanisms by which coffee may exert these
beneficial effects are not clear [87, 91].

Similar to coffee, teas are very rich in polyphenols, mainly
flavonoids. It is known that tea flavonoids improve endo-
thelial function, BP, cholesterol levels, and blood glucose
concentrations [91, 92]. The results of a meta-analysis of
14 prospective studies showed that the increment of 3
cups/day in green or black tea consumption decreased
the relative risk by 13% (95% confidence interval (CI),
0.81–0.94). The association did not depend on gender
but was slightly higher for green tea. Other results from
two large prospective studies of green and black tea were
in line with these findings [90, 92].

Other typically polyphenol-rich foods are chocolate and
cocoa, nuts, and olive oil. Prospective studies on chocolate
and stroke are still scarce, although a significant reduction
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of 19% was observed in a meta-analysis of these studies when
comparing the extreme of chocolate consumption [93].

Culinary herbs and spices are broadly used in meals to
improve the flavour of food dishes and also as traditional
medicines to prevent or treat different conditions. Scientific
evidence about this is still scarce, but the results of the studies
available are promising. Polyphenols may be found among all
the active chemical components of herbs and spices. Due to
the lack of water, the concentration of polyphenols in herbs
and spices is higher than in fruits and vegetables. Several
studies have focused on the effects of herbs, spices, and
medicinal plants on glucose regulation and dyslipidemia in
subjects who had metabolic syndrome and type 2 diabetes,
both of which are major risk factors for stroke [94]. However,
to our knowledge, no clinical trials or clinical studies have
been performed to evaluate the direct relationship between
spices/herbs and the risk of stroke.

Novel meta-analyses reported the effects of flavanol-
containing products such as tea, cocoa, and apple products
on body composition, blood pressure, and blood lipids.
Bertoia et al. [95] indicated that foods rich in flavan-3-
ols, flavonols, anthocyanins, and flavonoid polymers may
help adults to control body weight. This type of studies
may give a dietary pattern for obesity prevention and its
possible consequences.

Several meta-analyses of randomized controlled trials
have dealt with the effect of tea and different outcomes. The
effects of black tea on blood cholesterol are contradictory.
One meta-analysis found no effects of black tea on total
cholesterol and serum concentrations of LDL and HDL cho-
lesterol [96], while another one concluded that consumption
of black tea lowered LDL cholesterol, especially in subjects at
high cardiovascular risk [97]. Acute black tea and chocolate
increased flow-mediated dilatation after acute and chronic
intake and reduced systolic and diastolic blood pressure.
Regarding green tea, results from randomized controlled
trials point in the same direction. Its intake resulted in signif-
icant reductions in systolic blood pressure, total cholesterol,
and LDL cholesterol [98–100].

Several randomized controlled trials have been con-
ducted to assess the effects of cocoa and dark chocolate,
which are rich sources of flavonoids, on serum lipids. Total
cholesterol and LDL cholesterol decreased when consuming
these foods. No effects were observed for HDL cholesterol
and triglyceride concentration in plasma [101]. However,
the observed changes depend on the intake dose and the
health of the participants [102].

The PREDIMED (Prevención con Dieta Mediterránea)
study was a prospective, randomized, multicentre, controlled
trial aimed at determining the benefits of following a
Mediterranean diet supplemented with either nuts or extra
virgin olive oil on cardiovascular events (including myocar-
dial infarction, stroke, and cardiovascular death). The control
group followed a low-fat diet according to the guidelines of
the American Heart Association. At the end of the study,
the results revealed that both Mediterranean diet groups
had a 30% lower incidence of the primary endpoint than
the control group. Remarkably, incident stroke was reduced
by nearly 50% in participants following the Mediterranean

diet enriched with nuts (15 g walnuts, 7.5 g almonds, and
7.5 g hazelnuts) [103].

In an observational study within the PREDIMED trial,
total polyphenol intake and polyphenol subclasses were
calculated from the FFQ and the Phenol-Explorer database.
Total polyphenols were associated with a 46% reduction in
CVD risk on comparing the fifth versus the first quintiles.
The intake of lignans, flavanols, and hydroxybenzoic acids
was also inversely and significantly associated with cardio-
vascular events [104]. Besides this study, only a few more
have directly evaluated the association between polyphenol
intake and stroke, and only 2 found a significant inverse
association: the Zutphen Elderly Study and the Finnish
Mobile Clinic Health Examination Survey. In the first
study, flavonol and flavone intakes, but not catechin intake
[46], were associated with a lower incidence of stroke [105].
In the Finnish cohort, the polyphenolic groups inversely
associated with stroke were flavonols, flavones, and flava-
nones [106]. However, similar studies did not find any
association [107, 108].

4. Mechanisms

Polyphenols from fruits, vegetables, and beverages, such as
wine, tea, cocoa, may exert protective effects on the cardiovas-
cular system [109]. Increasing evidence suggests that dietary
polyphenols prompt their health properties by the interaction
with molecular signaling pathways [110] (Figure 1). The
ability of polyphenols to target transcriptional networks that
modulate gene expression favoring NO production, anti-
inflammatory mediators, and energy expenses provides an
attractive pharmacological approach to treat cardiovascular
and metabolic diseases.

One of the most well-described mechanisms on neuro-
vascular protection involves the ability of polyphenols to
generate NO, a potent vasodilator generated by endothelial
cells, which can also regulate cardiovascular-related gene
expression. Consequently, polyphenols prevent the progress
of endothelial dysfunction, decreasing the development of
atherosclerotic plaque, vascular thrombosis, and occlusion.
In early stages of atherosclerosis development, polyphenols
contribute to reducing LDL oxidation, improving antioxi-
dant status, and decreasing levels of inflammatory cytokines
and adhesion molecules (Figure 1).

Oxidative stress is thought to be a key event in the
pathogenesis of cerebral ischaemia. Overproduction of ROS
during ischaemia may cause an imbalance between oxidative
and antioxidative processes. ROS can damage lipids, pro-
teins, and nucleic acids, inducing apoptosis or necrosis. It is
hypothesized that plant polyphenols can provide protection
against neurodegenerative changes associated with cerebral
ischaemia [56]. Polyphenols can upregulate multiple redox
enzymes, such as endothelial NO synthase, catalase, SOD1,
and SOD2.

Most experimental and epidemiological studies suggest
that dietary polyphenols activate antioxidant pathways and
modulate immune response by inhibiting proinflammatory
biomarkers.
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5. Conclusion

The results from experimental in vitro and in vivo studies and
clinical evidence support the beneficial effects of some classes
of polyphenols, mainly flavonoids, on multiple endpoints of
cardiovascular risk. The most convincing mechanisms
involve the reduction of BP by increasing NO production
and improvement in endothelial function. However, the lack
of information about polyphenolic food composition and
metabolism does not allow conclusions about the effects
and effectiveness in preventing CVD.

Moreover, future clinical trials evaluating the effect of
dietary polyphenols should take into account different
aspects to obtain conclusive results. It is important to include
a proper control product regarding polyphenol content. It is
also necessary to consider the specific target population
included in the study to correctly design the nutritional inter-
vention period duration (weeks, months), as well as the dose
of the polyphenols investigated. To establish the effects of
oral exposure to the most promising polyphenols, large-scale,
long-term, well-controlled trials, preferably with clinical
endpoints including cardiovascular morbidity/mortality, are
required. Until now, there is no sufficient data to establish a
dietary reference intake for each class of polyphenols. To
ensure the safety of their consumption, the development of
functional foods should only consider the same level of poly-
phenols as the best dietary source can deliver at dietary doses.
Then, the bioactivity of this functional food should be tested
with in vivo models. After proving the bioefficacy of the
compounds, mechanism should be tested in vitro.

In the future, it is essential for the scientific community to
strictly consider well-designed experiments (in terms of the

nature and concentrations of metabolites used) in order to
definitively identify the compounds biologically active in
target tissues as well as the molecular mechanisms involved.
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