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ABSTRACT
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STRESZCZENIE

Rola polifenoli, ze szczególnym uwzględnieniem resweratro-
lu, w profilaktyce wybranych chorób układu sercowo-naczy-
niowego – przegląd aktualnego piśmiennictwa
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Introduction and aim of the study. Cardiovascular disease (CVD) 
represents a significant global health concern. The potential benefits 
of molecules that have a positive impact on the cardiovascular system 
are still being investigated. The objective of this study is to conduct 
a comprehensive review of the existing literature and to evaluate the 
effect of polyphenols on a range of selected cardiovascular diseases.

Wprowadzenie i  cel pracy. Choroby układu krążenia (CVD) są 
współcześnie jednym z głównych problemów zdrowotnych na całym 
świecie. Wciąż badane są cząsteczki mające pozytywny wpływ na 
układ sercowo-naczyniowy. Celem niniejszej pracy jest przegląd 
piśmiennictwa i ocena wpływu polifenoli na wybrane choroby układu 
sercowo-naczyniowego.
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Review methods. Relevant information was collected through a sys-
tematic search of PubMed and Google Scholar. The following search 
terms were used: “polyphenols,” “resveratrol,” “atherosclerosis,” 
“stroke,” “heart failure,” “hypertension,” “coronary artery disease,” “obe-
sity.” The scientific articles subjected to analysis included meta-analy-
ses and randomized clinical trials, presented in both Polish and Eng-
lish. A total of 44 scientific articles were analyzed, of which 41 were 
published after 2016.
Current knowledge. Polyphenols are present in a multitude of com-
monly consumed and readily available products, including nuts, olive 
oil, fruits and vegetables, wine, and tea. The anti-inflammatory proper-
ties of polyphenols underscore their significance in the management of 
cardiovascular diseases. In recent years, particular attention has been 
paid to the impact of resveratrol on cardiovascular diseases.
Conclusions. The cited studies have demonstrated that polyphenols, 
including resveratrol, may have a significant impact on reducing the in-
cidence of selected cardiovascular diseases, decreasing mortality, and 
alleviating disease progression. However, further research in this area 
is undoubtedly necessary.
 

Keywords: polyphenols, resveratrol, atherosclerosis, heart failure, 
obesity

Metody przeglądu. Istotne informacje zostały zestawione poprzez 
systematyczny przegląd baz PubMed i Google Scholar. Zastosowano 
kombinację słów kluczowych: „polifenole”, „resweratrol”, „miażdżyca”, 
„udar mózgu”, „niewydolność serca”, „nadciśnienie tętnicze”, „choro-
ba niedokrwienna serca” i „otyłość”. Wśród analizowanych artykułów 
naukowych znalazły się metaanalizy oraz randomizowane badania 
kliniczne w języku polskim i angielskim. Analizą objęto 44 artykułów 
naukowych, z czego 41 zostało opublikowanych po 2016 roku. 
Opis stanu wiedzy. Polifenole obecne są w  wielu powszechnie 
dostępnych i spożywanych produktach, takich jak orzechy, oliwa z ol-
iwek, owoce i warzywa, wino, herbata. Przeciwzapalnie właściwości 
polifenoli sprawiają, że coraz częściej podkreśla się ich znaczenie 
w terapii chorób sercowo- naczyniowych. W ostatnich latach szcze-
gólnie dużą uwagę poświęca się wpływowi resweratrolu na choroby 
układu sercowo-naczyniowego.
Wnioski. Przytoczone badania pokazały, że polifenole, w  tym re-
sweratrol, mogą mieć istotny wpływ na zmniejszenie zapadalności 
na wybrane choroby sercowo-naczyniowe, spadek śmiertelności 
z ich powodu, a także łagodzenie przebiegu tych chorób. Niewątpli-
wie konieczne jest jednak przeprowadzenie większej liczby badań 
w tym zakresie.

Słowa kluczowe: polifenole, resweratrol, miażdżyca, niewydolność 
serca, otyłość

Introduction and aim of the study

Cardiovascular diseases (CVDs) represent a  signifi-
cant global health concern [1]. Data published by Sta-
tistics Poland (GUS) indicate that mortality due to car-
diovascular system dysfunction is the leading cause of 
death in Poland [2]. It is a priority for the scientific com-
munity to identify novel factors that may prevent the 
development of cardiovascular diseases. One area of 
ongoing research is the impact of polyphenols on the 
human body.

The aim of this paper is to provide a comprehen-
sive review of the existing literature on resveratrol 
and other polyphenols, with a  particular focus on 
their effects on a  range of diseases, including hy-
pertension, heart failure, obesity, coronary artery 
disease, and stroke.

Review methods

A  review of the literature was conducted using sci-
entific articles from online databases in both Polish 
and English. The articles included meta-analyses and 
randomized clinical trials. The PubMed and Google 
Scholar databases were reviewed. The following key-
words were used in combination to search the liter-
ature: “polyphenols,” “resveratrol,” “atherosclerosis,” 
“stroke,” “heart failure,” “hypertension,” “coronary ar-
tery disease,” “obesity,” and “inflammation.” A total of 
44 scientific articles were analyzed, of which 41 were 
published after 2016.

Current knowledge

Current scientific evidence demonstrates that polyphe-
nols—specifically resveratrol, quercetin, and caffeic 
and coumaric acids—are widely distributed across 
a  diverse range of dietary sources. These com-
pounds are particularly abundant in fruits (including 
apples, grapes, citrus fruits, and berries), vegetables 
such as onions, and various legumes such as soy. 
Furthermore, significant concentrations are found in 
daily staples and stimulants, notably tea, wine, green 
coffee beans, cocoa, nuts, and olive oil, as well as in 
botanical sources such as hibiscus flowers. The role 
of polyphenols in the prevention of chronic diseases 
characterized by inflammation is a topic of considera-
ble emphasis in the literature. These compounds rep-
resent a vital component of the oxidative-reductive sys-
tem, endowing them with distinctive anti-inflammatory 
properties that distinguish them from other therapeutic 
modalities for cardiovascular diseases. In recent years, 
polyphenols have been shown to play a significant role 
in the prevention of cardiovascular disease. The bene-
ficial effects of these compounds have been observed 
in patients with heart failure, coronary artery disease, 
stroke, and obesity. At present, one of the most exten-
sively researched polyphenols is resveratrol.

Polyphenols – mechanism of action

During the process of cellular respiration, reactive 
oxygen species (ROS) are produced. These are 
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molecules that contain oxygen atoms with unpaired 
electrons, for example, the superoxide anion and hy-
droxyl radical, or peroxide bonds, such as hydrogen 
peroxide [3]. Reactive oxygen species (ROS) perform 
a number of physiological functions within the body, 
including signal transmission, cell differentiation, ap-
optosis, immune system regulation, and metabolic 
control. However, an excess of ROS can result in the 
activation of pathological processes [3,4]. 
ROS primarily exert destructive effects by deacti-

vating or modifying enzymes, which disrupts cellular 
metabolism and signal transduction. This pathomech-
anism contributes to the development of chronic dis-
eases through increased inflammatory response, 
enhanced cell mobility, uncontrolled cell proliferation, 
apoptosis, and induction of epithelial-mesenchymal 
transition [3].
In order to maintain equilibrium between oxidative 

and antioxidative processes, the body requires sub-
stances capable of neutralizing the effects of ROS. 
These include tocopherols, ascorbates, urates, thiol 
compounds, carotenoids, retinoids, and polyphenols 
such as resveratrol, quercetin, caffeic acids, and cou-
maric acids. These compounds, in conjunction with 
enzymatic systems such as glutathione peroxidase, 
constitute an effective oxidative-reductive system 
that helps prevent oxidative stress [3,5]. Polyphenols 
are plant metabolites found in fruits and vegetables 
that, when consumed, have been shown to reduce 
levels of pro-inflammatory cytokines, including IL-6, 
IL-1β, TNF-α, interferon-γ, IL-2, and nitric oxide. Fur-
thermore, evidence indicates that these compounds 
reduce inflammation by inhibiting nuclear factor kB, 
regulating mitogen-activated protein kinase, modulat-
ing inducible nitric oxide synthase, and inhibiting cy-
clooxygenase-2 and lipoxygenase [6,7,8].

Resveratrol

Resveratrol (3,5,4-trihydroxystilbene) is a natural phy-
toalexin occurring in a variety of plant species, includ-
ing grapes, nuts, and red wine [9]. A substantial body 
of scientific evidence has demonstrated the beneficial 
effects of resveratrol on cardiovascular diseases, in-
cluding coronary artery disease, heart failure, and 
stroke. It is hypothesized that the protective action of 
resveratrol on the cardiovascular system is related to 
its ability to reduce oxidative stress and inflammation, 
as well as to decrease the intensity of fibrinogenesis 
in the heart muscle. Research has demonstrated that 
resveratrol is 20 times more effective than vitamin C 
and 50 times more effective than vitamin E in prevent-
ing lipid peroxidation [10].

Additionally, resveratrol has been demonstrated 
to enhance the activity of heme oxygenase in neural 
stem cells within the brain’s neurogenic zones [8,11]. 

The promotion of faster proliferation and increased 
survival of brain stem cells has been confirmed to re-
sult from high activity of heme oxygenase (HO-1). Fur-
thermore, elevated heme oxygenase activity enhanc-
es the resilience of neuronal cells to oxidative stress 
that occurs following the restoration of circulation in 
damaged brain regions, where there is increased 
post-reperfusion production of reactive oxygen spe-
cies.

Figure 1. Chemical structure of resveratrol [9]

It is crucial to acknowledge that the plasma concen-
tration of resveratrol is dependent upon the dosage 
and duration of supplementation. For instance follow-
ing oral administration of a 5 g dose, plasma concen-
tration of resveratrol was approximately 500 ng/mL, 
whereas a 25 mg dose resulted in a concentration of 
only 5 ng/mL. Notably, in a 29-day study in which par-
ticipants were administered resveratrol at a  dose of 
5 g, plasma concentrations reached as high as 900 
ng/mL. Furthermore, the hypothesis that resveratrol 
interacts safely with the body remains unchallenged. 
Raj et al. highlight that even very high doses of resver-
atrol (5 g) are considered safe, with only minor to mod-
erate gastrointestinal issues reported [8].

Importantly, although high doses of resveratrol 
(1–5  g) are considered safe, the consumption of 
resveratrol-rich foods in typical dietary amounts does 
not provide sufficient intake of this polyphenol. In their 
study, Weiskirchen et al. presented an illustrative dia-
gram demonstrating the substantial amounts of vari-
ous products—such as peanuts, red wine, white wine, 
rosé wine, beer, dark chocolate, milk chocolate, toma-
toes, red grapes, white grapes, apples, and tea—that 
would need to be consumed to achieve the recom-
mended daily intake of resveratrol [12].
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From the above table, it is evident that although 
red wine contains relatively higher amounts of resver-
atrol compared to other polyphenol-rich products, 
these levels are far from sufficient to meet daily intake 
recommendations without additional supplementa-
tion [12]. It should be emphasized that achieving the 
recommended dose of resveratrol would require the 
consumption of several hundred liters of wine per day, 
which is toxic due to its ethanol content. According to 
the study by LaHood et al., blood alcohol concentra-
tions (BAC) between 0.05% and 0.1% already exert 
adverse physiological effects, while BAC values ex-
ceeding 0.4% may induce respiratory depression, 
coma, or even death [13]. The ingestion of such large 
volumes of wine far exceeds the detoxification capaci-
ty of the human body and is therefore inherently toxic. 
In practice, high resveratrol intake can only be realis-
tically achieved through supplementation with resver-
atrol-enriched preparations rather than through wine 
consumption.

The effect of polyphenols on blood 
pressure

The influence of polyphenols on blood pressure is 
a  well-documented phenomenon. According to the 
SCORE-2 scale, blood pressure is a risk factor for car-
diovascular disease, particularly in relation to cardiac 
workload. It is noteworthy that even prehypertension, 
defined as a  systolic blood pressure (SBP) of 120–
139 mmHg and/or a diastolic blood pressure (DBP) 
of 80–89 mmHg, is associated with an elevated risk 
of cardiovascular diseases, including stroke, coronary 
artery disease, myocardial infarction, and fatal cardio-
vascular events [14].

The most recent guidelines on hypertension place 
considerable emphasis on the importance of preven-

tion, including the role of an appropriate diet. The 
probability of being diagnosed with hypertension 
is 8% lower in individuals who consume increased 
amounts of anthocyanins (polyphenols) compared to 
those with a diet low in polyphenols [11]. Scientific re-
ports indicate that desirable dietary components rich 
in polyphenols include apples, onions (which contain 
quercetin and rutin), green tea (rich in polyphenols 
such as epigallocatechin gallate, gallic acid, gallocate-
chin, catechin, epigallocatechin, epicatechin, and epi
catechin gallate), small berries and stone fruits such 
as blackberries, green coffee beans, hibiscus flowers, 
and dark chocolate. It is hypothesized that both chloro-
genic acid, which is present in green coffee beans, 
and polyphenols found in hibiscus flowers may act as 
specific inhibitors of angiotensin-converting enzyme 
(ACE), thereby blocking the conversion of angioten-
sin I to angiotensin II. This results in a reduction in the 
contraction of vascular smooth muscle and a subse-
quent lowering of blood pressure. A reduction in sys-
tolic blood pressure from 134.8 mmHg to 112.7 mmHg 
was observed over a one-month period in a study in 
which participants consumed approximately one cup 
of hibiscus tea daily [11].

Furthermore, wine produced through the fermenta-
tion of grape seeds and skins contains procyanidins, 
which exert an effect on endothelium-dependent vas-
odilation by reducing the secretion of endothelin-1, 
a vasoconstrictor peptide [5]. Other sources indicate 
that polyphenols present in grapes stimulate the pro-
duction of nitric oxide (NO), which causes vasodila-
tion [11].
Resveratrol may also prove effective as an anti-

platelet agent by inhibiting monocyte adhesion to the 
vessel wall, promoting vasodilation, and inhibiting 
smooth muscle cell proliferation in blood vessels via 
endothelial nitric oxide synthase [8].

Table 1. Average resveratrol concentrations in products [12]

Food product Average resveratrol concentration Estimated amount required to achieve 
a daily intake of 1g of resveratrol

peanuts 0.03–0.14 μg/g 7143–33333 kg
red wine 0.361–1.972 mg/l 505–2762 L
white wine 0–1.089 mg/l 2564–17544 L
rose wine 0.29 mg/l 3448 L
beer 1.34–77.0 μg/l 12987–746269 L
dark chocolate 350 μg/kg 2857 kg
milk chocolate 100 μg/kg 10000 kg
tomato, skin 19 μg/g 52.6 kg
red grapes 92–1604 μg/kg 795 kg
white grapes 59–1759 μg/kg 2584 kg
apple 400 μg/kg 2500 kg
Itadori tea 68 μg/100 ml 1471 L
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A meta-analysis conducted by Liu et al. included 
six studies with 247 patients and demonstrated that 
resveratrol intake does not significantly lower systol-
ic blood pressure (SBP) and diastolic blood pressure 
(DBP). The study showed that higher doses of resver-
atrol (≥150 mg/day) were associated with a reduction 
in SBP by 11.9 mmHg, whereas lower doses did not 
exhibit a comparable effect. The meta-analysis con-
cluded that high-dose resveratrol significantly reduces 
systolic blood pressure (SBP) but has no effect on di-
astolic blood pressure (DBP) [15].

In a further meta-analysis conducted by Fogacci et 
al., no significant effect of resveratrol on the reduction 
of SBP, DBP, mean arterial pressure (MAP), or pulse 
pressure was observed. Nevertheless, a  significant 
reduction in systolic blood pressure was reported in 
subjects administered high-dose resveratrol (≥300 
mg/day). Notably, no analogous correlation was iden-
tified between resveratrol and a reduction in mean ar-
terial pressure (MAP) or pulse pressure. The results of 
this meta-analysis indicate that resveratrol may confer 
health benefits when administered in high doses, par-
ticularly in patients with diabetes [16].

Another meta-analysis demonstrated that the con-
sumption of polyphenols extracted from dark grape 
fruits at a dose of approximately 730 mg per day re-
sulted in a significant reduction in systolic blood pres-

sure within a  single month. However, no impact on 
diastolic blood pressure was found [11].

The effect of polyphenols on heart failure

Heart failure (HF) is a syndrome of symptoms caused 
by functional dysfunction of the heart muscle. A failing 
heart is unable to maintain adequate organ perfusion 
due to the inability of the ventricles to fill with blood 
(diastolic dysfunction) or insufficient contractile force 
(systolic dysfunction). Current understanding of the 
classification of heart failure (HF) is based on left ven-
tricular ejection fraction (LVEF). Regrettably, despite 
the implementation of highly sophisticated therapeutic 
strategies, the treatment of heart failure continues to 
present a significant challenge [8].

One of the most well-established causes of heart 
failure is cardiac fibrosis. This condition manifests as 
an adaptive response of the cardiac muscle to stressful 
stimuli. Myocardial fibrosis can be caused by a num-
ber of pathological factors, including hypertension, 
myocardial infarction, and arrhythmias. Myocardial 
fibrosis results in significant functional impairment of 
the heart muscle, characterized by increased stiffness 
and, consequently, systolic and diastolic dysfunction, 
as well as reduced coronary reserve [17].

Figure 2. Pathophysiology of heart failure
Source: BioRender illustration; http://app.biorender.com/illustrations/68aefbe3fe10c7ceadfc4fbf (accessed 02.04.2024).

http://app.biorender.com/illustrations/68aefbe3fe10c7ceadfc4fbf
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In a study by Yu et al., the mechanisms of action of 
resveratrol were elucidated, demonstrating its ability to 
protect the heart muscle from fibrosis induced by ather-
osclerosis, viral myocarditis, alcohol, and diabetes [17].

It was demonstrated that resveratrol can induce ma-
trix metalloproteinase-2 (MMP-2), a pivotal enzyme in 
the degradation and synthesis of new collagen fibers. 
Resveratrol has been shown to inhibit the fibrotic pro-
cess in the heart by disrupting the equilibrium between 
MMP-2 and tissue inhibitor of metalloproteinases-2 
(TIMP-2) expression. This occurs via a  mechanism 
involving the reduction of MMP-2 expression and the 
elevation of TIMP-2 expression [17].
Another beneficial effect of resveratrol has been ob-

served in the protection of cardiac muscle from fibrosis 
resulting from chronic alcohol consumption. It is well 
documented that chronic alcohol consumption can re-
sult in the development of cardiomyopathy and subse-
quent heart failure. This process leads to enlargement 
of the heart, impaired function, and, in some cases, 
atrial fibrillation, which is associated with an increased 
risk of embolism and stroke [18]. MMP-2 and MMP-9 
are involved in both the degradation and synthesis of 
collagen fibers. It has been observed that excessive al-
cohol intake is associated with increased expression of 
MMP-2, which may contribute to myocardial damage. 
In their study, Yu et al. proposed a potential mecha-
nism by which resveratrol protects the heart muscle, 
namely by inhibiting the overexpression of gelatinases 
MMP-2 and MMP-9 [17,19].
Wu et al. investigated the fibrinolytic action of 

resveratrol in diabetic cardiomyopathy. Myocardial 
fibrosis is a  key component of diabetic cardiomy
opathy, contributing to cardiac dysfunction and, ulti-
mately, heart failure. Resveratrol, an antioxidant, has 
been shown to impede myocardial fibrosis by curb-
ing the generation of excessive reactive oxygen spe-
cies (ROS) and obstructing the ERK/TGF-β/periostin 
pathway. The authors underscored the potential of 
resveratrol to reverse fibrosis in diabetic cardiomy
opathy [20].

SIRT1 is a  nicotinamide adenine dinucleotide 
(NAD+)-dependent histone and protein deacetylase 
encoded by the SIRT1 gene in humans. Notably, the 
SIRT1 gene is also referred to as the longevity gene, 
as it has been shown to enhance insulin sensitivity 
and prolong the lifespan of mice by approximately 
20% [5]. SIRT1 plays a regulatory role in cellular re-
sponses, including responses to oxidative stress and 
energy starvation. The SIRT1 gene is expressed in 
cardiomyocytes. Resveratrol functions as an activator 
of SIRT1. In 2022, Kuno et al. investigated the effect of 
SIRT1 activation on doxorubicin-induced cardiotoxici-
ty in mice. The authors demonstrated, via echocardio-
graphic studies, that resveratrol had a beneficial effect 

on ejection fraction (EF) in mice subjected to doxoru-
bicin-induced cardiotoxicity [21].
The administration of resveratrol led to a reduction in 
the levels of atrial natriuretic peptide (ANP) and B-type 
natriuretic peptide (BNP), which inhibited the progres-
sion of hypertrophic changes in cardiomyocytes. The 
beneficial impact of resveratrol was nullified by the in-
troduction of a SIRT1 inhibitor, thereby indicating a po-
tential interaction between the two [22].

The effect of polyphenols on ischemic 
heart disease (IHD)

Ischemic heart disease (IHD) is the leading cause of 
mortality globally [1]. It is well established that acute my-
ocardial ischemia is primarily caused by erosion of ath-
erosclerotic lesions and subsequent rupture of the thin 
fibrous cap of pre-existing atherosclerotic plaques in 
the coronary arteries. This event results in the release 
of thrombogenic substances and platelet activation, 
which contribute to the restriction or complete occlusion 
of blood flow to myocardial cells. Despite modification 
of modifiable cardiovascular risk factors, such as smok-
ing, hyperlipidemia, hypertension, and diabetes, as well 
as the implementation of primary and secondary pre-
vention therapies aimed at preventing cardiovascular 
events, the need for new treatments to improve patient 
prognosis remains. It is noteworthy that current thera-
peutic approaches do not prioritize the reduction of oxi-
dative stress and the alleviation of inflammation, both of 
which are implicated in the pathogenesis of atheroscle-
rosis. Resveratrol, however, has been shown to reduce 
non-HDL cholesterol levels, inhibit lipid peroxidation, 
reduce inflammation, prevent platelet aggregation, and 
enhance endothelial function. These mechanisms indi-
cate that resveratrol may have a beneficial role in the 
treatment of IHD [8,23].

The conventional treatment for chronic ischemic 
heart disease is coronary angioplasty, a  technique 
used to address narrowing and occlusion of coronary 
arteries, which has been the preferred method in re-
cent years. This procedure is frequently performed in 
conjunction with drug-eluting stents [8].
In a study conducted by Kamman et al., the use of 

resveratrol-coated balloon catheters during angioplasty 
on coronary and peripheral vessels in a group of sixteen 
pigs resulted in a notable reduction in the number of 
microvessels and macrophages present in the adventi-
tia. Additionally, there was a noticeable improvement in 
endothelialization of the lumens of peripheral vessels, 
which directly indicated a reduction in post-angioplasty 
inflammation. Nevertheless, no analogous effect was 
observed in the coronary arteries [24].

Tolva et al. administered a resveratrol solution (140 
µg/mL) via a  catheter directly into the common iliac 
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artery of adult male New Zealand White rabbits follow-
ing traumatic angioplasty. The results demonstrated that 
resveratrol reduced the risk of restenosis by inhibiting 
intimal proliferation following traumatic angioplasty [4].
Kazemirad et al. investigated the cardioprotective 

effects of resveratrol in a group of isolated rat hearts 
subjected to 30 minutes of myocardial ischemia and 
120 minutes of reperfusion. The administration of 
resveratrol (10 µM perfusion solution) resulted in a sig-
nificant improvement of myocardial function following 
ischemia and reperfusion, as evidenced by a reduc-
tion in laboratory markers such as CK-MB, LDH, and 
troponin I in the resveratrol-treated group [8,25].

Similar studies have been conducted in patients with 
stable coronary artery disease. The administration of 
resveratrol (20 mg/day) for a period of three months, 
or a combination of resveratrol (20 mg/day) and calci-
um fructoborate (112 mg/day), resulted in a reduction 
in high-sensitivity C-reactive protein (hs-CRP) and 
N-terminal prohormone BNP. Furthermore, the clinical 
status of these patients notably improved, with a re-
duction in the frequency of angina attacks and a de-
crease in weekly nitroglycerin consumption [8].
In a study conducted by Chekalina, the effects of 

resveratrol treatment were evaluated in a cohort of 85 
patients diagnosed with stable ischemic heart disease. 
The patients were divided into two groups: a control 
group (n = 55) receiving standard treatment for stable 
IHD (beta-blockers, statins, aspirin) and a study group, 
in which resveratrol (100 mg/day) was added to stan
dard therapy. The efficacy of the treatment was evalu-
ated through echocardiographic examination. Follow-
ing a two-month period, a significant improvement in 
left ventricular systolic function was observed in both 
cohorts. It is noteworthy that the results observed in 
the study group were significantly more favorable than 
those seen in the control group. The left ventricular 
ejection fraction (LVEF) improved by 9.7% in the study 
group and by 3.2% in the control group [26].

The Impact of Polyphenols on Peripheral 
Artery Disease (PAD)

Promising findings have emerged regarding the poten-
tial effects of polyphenols in peripheral artery disease 
(PAD). Keremat et al. conducted a review of studies 
investigating antioxidant therapy in patients with PAD, 
demonstrating both the efficacy of antioxidants and 
the superiority of natural antioxidants over synthetic 
compounds in the management of PAD [27]. In an ex-
perimental study, Fan et al. showed that oral admin-
istration of resveratrol improved hindlimb ischemia in 
mice [28]. Conversely, McDermott et al. evaluated the 
effects of nicotinamide riboside (NR), with and without 
resveratrol, compared with placebo on the six-minute 

walk test in patients with PAD. Their findings revealed 
that NR significantly improved walking distance (by 
31 meters), whereas the addition of resveratrol con-
ferred no additional benefit (improvement of 26.9 me-
ters), indicating that resveratrol did not enhance the 
therapeutic effect of NR in PAD [29].

The impact of polyphenols on obesity

As early as the 1990s, the pro-inflammatory effects of 
adipose tissue were identified. It has been shown that 
adipose tissue secretes, among other factors, tumor 
necrosis factor α (TNFα), which plays a role in the de-
velopment of insulin resistance. In subsequent years, 
additional pro-inflammatory molecules secreted by 
adipose tissue were identified, including interleukins, 
CRP, and PAI-1. This led to the conclusion that obesity 
is a disease associated with chronic inflammation [30]. 
Polyphenols, in particular resveratrol, epigallocatechin 
gallate (EGCG), and quercetin, have demonstrated 
a wide range of beneficial effects in the treatment and 
prevention of diseases associated with chronic inflam-
mation [31].

Resveratrol has been shown to reduce levels of 
insulin, glucose, and IGF-1 in the blood, thereby in-
creasing insulin sensitivity and raising HDL cholester-
ol levels. Furthermore, resveratrol has been shown to 
reduce fat accumulation in both adipocytes and liver 
cancer cells [23].
In a study conducted by Dal-Pan et al., lemur mice 

(Microcebus murinus) were fed a  diet enriched with 
resveratrol for a  period of five weeks. The findings 
demonstrated that animals in the resveratrol cohort ex-
hibited weight gain that was one-fifth of that observed 
in the control group, which did not receive resveratrol. 
Furthermore, the experimental group exhibited a 29% 
increase in resting metabolic rate, which was attribut-
ed to elevated energy expenditure, reduced appetite, 
and increased physical activity. Additionally, the study 
observed elevated levels of pancreatic polypeptide 
and glucose-dependent insulinotropic peptide (GIP) in 
plasma, which may prove crucial in the treatment and 
prevention of obesity [5,32].

Epigallocatechin gallate (EGCG), a  polyphenol 
compound found in green tea, has been shown to in-
hibit the differentiation of preadipocytes, reduce adipo-
cyte proliferation, inhibit lipogenesis, induce adipocyte 
apoptosis, and promote lipolysis and β-oxidation of 
fatty acids [31].
Fang Li et al. demonstrated that EGCG reduced 

obesity and epididymal white adipose tissue mass in 
mice, partly by activating AMP-activated protein ki-
nase (AMPK) [33].
Another polyphenol with beneficial effects on obe-

sity and chronic inflammation is quercetin [34]. In 
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a study conducted by Forney et al. on rodents with 
obesity and diet-induced insulin resistance, treatment 
with quercetin for 9 weeks led to a reduction in adipo-
cyte hypertrophy and hyperplasia, inhibition of lipid ac-
cumulation in the liver through the induction of genes 
related to β-oxidation, and a reduction in inflammation 
in subcutaneous adipose tissue [34,35].

In a  six-week study by Arias et al., the impact of 
quercetin, resveratrol, and a  combination of both 
polyphenols on body weight and fat distribution was 
investigated in rats fed an obesity-promoting diet. His-
tological analysis demonstrated that supplementation 
with both resveratrol and quercetin resulted in remod-
eling of unilocular adipocytes (white adipose tissue) 
into multilocular adipocytes (brown adipose tissue) 
and an increase in the level of thermogenin in brown 
adipose tissue [36].
It is also important to consider the effects of maternal 

obesity on offspring health. Maternal obesity is a sig-
nificant risk factor for the subsequent development of 
obesity in offspring, largely due to elevated cytokine 
production and the prevalence of placental inflamma-
tion [31]. In a study by Fortunato et al., the potential of 
polyphenols to mitigate the inheritance of obesity in 
offspring from obese mothers was investigated. It was 
demonstrated that provision of a diet rich in soy isofla-
vones to pregnant rats conferred a protective effect on 
the cardiovascular system of the offspring by stimulat-
ing the expression of antioxidant-sensitive genes [31]. 
Similarly, Liu et al. described the impact of resveratrol 
supplementation during the perinatal period on the in-
cidence of obesity in offspring. It was demonstrated 
that resveratrol supplementation during pregnancy led 
to a reduction in offspring obesity due to an increase 
in lipolysis [37].

At present, there is a growing body of evidence indi-
cating that resveratrol exerts beneficial effects on obe-
sity during pregnancy in non-human primates. Never-
theless, further research is required to ascertain the 
safety of resveratrol use during pregnancy [31].

The impact of polyphenols on stroke

Stroke is a significant social problem, ranking as one 
of the leading causes of long-term disability and the 
second leading cause of death worldwide [5]. Approx-
imately 17 million individuals experience a stroke an-
nually, with a  fatality occurring approximately every 
six seconds. Furthermore, one in six individuals will 
experience a stroke at some point in their lifetime [38]. 
In accordance with the established definition, a stroke 
is a pathological condition precipitated by leakage of 
blood or a reduction in blood flow to a specific region 
of the central nervous system (CNS). The principal 
categories of stroke are ischemic stroke (80–85%), 

hemorrhagic stroke (10–15%), subarachnoid hemor-
rhage (5–10%), and venous stroke (0.5–1%) [39,40].

Treatment of ischemic stroke can be divided into 
two distinct approaches: causal and symptomatic. 
In reperfusion therapy, thrombolysis with alteplase 
(recommended within 4.5 hours) and thrombectomy 
(recommended within 6 hours) are the primary inter-
ventions. The total dose of recombinant tissue plas-
minogen activator (rt-PA) is 0.9 mg per kilogram of 
body weight, with a maximum dose of 90 mg. A bolus 
of 10% of the calculated dose is administered, with the 
remaining 90% delivered as a continuous intravenous 
infusion over 60 minutes. Symptomatic treatment 
encompasses fluid therapy, blood pressure manage-
ment, glycemic control, and rehabilitation [38].

In recent years, there has been a growing emphasis 
on the use of primary prevention methods for stroke, 
with polyphenols emerging as a potentially beneficial 
factor. As evidenced by scientific reports, consumption 
of polyphenol-rich products, including soy, tea, cocoa 
beans, citrus fruits, grapes, and their derivatives, has 
been linked to a reduced risk of stroke [11]. It has been 
demonstrated that consumption of approximately four 
cups of black tea per day is associated with a 21% 
reduction in the risk of major cardiovascular events, 
which can be attributed to the presence of theaflavins 
and thearubigins. Similarly, soy-derived compounds 
such as daidzein and genistein, which belong to the 
polyphenol group, have been shown to reduce the risk 
of ischemic stroke when consumed at doses ranging 
from 100 mg to 1 g per day. The antioxidants pres-
ent in cocoa seeds, including catechins and epicate-
chins, have also been demonstrated to contribute to 
the maintenance of endothelial function in the cerebral 
vasculature. Furthermore, it has been demonstrated 
that individuals who consume elevated quantities of 
dark grapes, chocolate, and red wine, which are rich in 
resveratrol, exhibit higher levels of resveratrol in their 
blood and are 55% less likely to experience severe 
complications following a  stroke compared to those 
with lower levels of resveratrol [11].

In a study by Chen et al., the impact of resveratrol 
was examined following standard treatment with rt-PA 
on the prognosis of stroke patients. The findings indi-
cated that resveratrol, by reducing MMP-2 and MMP-9 
levels, improved treatment outcomes on the National 
Institutes of Health Stroke Scale (NIHSS) in patients 
who received both standard therapy and a placebo [41].
Preclinical studies in rats have demonstrated that 

resveratrol exhibits neuroprotective properties in the 
context of ischemic stroke, intracerebral hemorrhage, 
and subarachnoid hemorrhage [42,43]. A study con-
ducted by Bonsack et al. showed that treatment with 
resveratrol in rodents following a hemorrhagic stroke 
significantly alleviated acute neurological deficits, 
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neurodegeneration, and brain swelling compared with 
the control group. Furthermore, the study found a re-
duction in the expression of the pro-inflammatory cy-
tokine IL-1β and improved resolution of hematomas 
following resveratrol administration [44].

Conclusions

The studies cited in this review demonstrate that a diet 
rich in polyphenols, including resveratrol, may have 

a significant impact on reducing the incidence of cer-
tain cardiovascular diseases, lowering mortality rates 
associated with these conditions, and alleviating their 
progression. The table below summarizes the effects 
of polyphenols on cardiovascular disease. Neverthe-
less, further research is undoubtedly required to gain 
a more comprehensive understanding of these effects 
and to establish more definitive conclusions regarding 
the potential benefits of polyphenols in cardiovascular 
health.

Table 2. Summary of the effects of polyphenols on cardiovascular diseases

Cardiovascular diseases Impact of polyphenols

blood pressure 	– reduction in systolic blood pressure;
	– reduction in or no effect on diastolic blood pressure

heart failure 	– inhibition of myocardial fibrosis;
	– improvement of myocardial ejection fraction

ischemic heart disease
	– reduction of inflammation in the coronary vessels => reduction of 
the risk of atherosclerotic plaque rupture;

	– reduction of angina symptoms and reducing the amount of 
nitroglycerin taken

peripheral arterial disease 	– improvement in limb ischemia in mice in preclinical studies;
	– no clear positive effects in clinical studies

stroke
	– reduction of the risk of stroke;
	– improvement of treatment outcomes after stroke;
	– neuroprotective effects

obesity

	– decreased adipocyte proliferation and hypertrophy,
	– reduced obesity-induced inflammation,
	– increased metabolism,
	– reduced appetite,
	– reduced obesity in offspring (maternal supplementation)

Table 3. Dietary sources of selected polyphenols and their cardiovascular effects

Dietary source Polyphenol Cardiovascular effect

grapes, wine, nuts, blackber-
ries resveratrol

reduction of: ischemic heart disease, heart failure, peri-
pheral artery disease risk, and blood pressure; obesity 
management, prevention of stroke 

apple, tomato, tea quercetin obesity management, reduction of blood pressure, 
reduction of ischemic heart disease risk

tea epigallocatechin gallate reduction of blood pressure, prevention of stroke, obesity 
management

olive oil, dark chocolate, 
tomato caffeic acids prevention of stroke, obesity management

soy, wine, tomato coumaric acids reduction of blood pressure, reduction of ischemic heart 
disease risk



J. Dudek, W. Górecka, G. Sochań, K. Filip, D. Wodziak, A. Pszonka, K. Bodziony, A. Komoń, The Role of Polyphenols... 79

References 
1.	 World Health Organization: The top 10 causes of death; 

http://www.who.int/news-room/fact-sheets/detail/the-top-10-
causes-of-death (accessed 02.04.2024).

2.	 Statistics Poland: Mortality in 2021. Deaths by cause – pre-
liminary data; http://stat.gov.pl/obszary-tematyczne/ludnosc/
statystyka-przyczyn-zgonow/umieralnosc-w-2021-roku-
zgony-wedlug-przyczyn-dane-wstepne,10,3.html (accessed 
02.04.2024).

3.	 Bojdo P., Gąsiorkiewicz B., Koczurkiewcz-Adamczyk P. et 
al.: The role of oxidative stress in the etiology of selected 
civilization diseases. Farm Pol 2021; 77(2): 111-120. doi: 
10.32383/farmpol/134797. 

4.	 Tolva V., Mazzola S., Zerbi P. et al.: A successful experimen-
tal model for intimal hyperplasia prevention using a resver-
atrol-delivering balloon. J Vasc Surg 2016; 63(3): 788-794. 
doi: 10.1016/j.jvs.2014.09.035.

5.	 Sinkiewicz W.: Czerwone wino, procyjanidy, resweratrol 
i długowieczność. Kardiol Dypl 2010; 9(8): 95-98.

6.	 Chojnacka K., Laskowska J.: Polifenole w  leczeniu nies-
woistych chorób zapalnych jelit. Postepy Biochem 2020; 
66(3): 256-262. doi: 10.18388/pb.2020_334.

7.	 Santos-Buelga C., González-Manzano S., González-Par-
amás A.M.: Wine, Polyphenols, and Mediterranean Diets. 
What Else Is There to Say? Molecules 2021; 26(18): 5537. 
doi: 10.3390/molecules26185537.

8.	 Raj P., Thandapilly S.J., Wigle J. et al.: A Comprehensive 
Analysis of the Efficacy of Resveratrol in Atherosclerotic 
Cardiovascular Disease, Myocardial Infarction and Heart 
Failure. Molecules 2021; 26(21): 6600. doi: 10.3390/mole-
cules26216600.

9.	 Riba A., Deres L., Sumegi B. et al.: Cardioprotective Ef-
fect of Resveratrol in a  Postinfarction Heart Failure Mod-
el. Oxid Med Cell Longev 2017; 2017: 6819281. doi: 
10.1155/2017/6819281.

10.	 Aydın G., Erbaş O.: The effects of resveratrol on human he-
alth. FNG Demiroglu Bilim Tip Derg 2019; 5(4): 193-201. doi: 
10.5606/fng.btd.2019.035.

11.	 Maciąg M., Nowak B.: Choroby cywilizacyjne i społeczne XXI 
w. – przegląd i badania. Lublin: Wydawnictwo Naukowe Ty-
giel; 2016.

12.	 Weiskirchen S., Weiskirchen R.: Resveratrol: How Much 
Wine Do You Have to Drink to Stay Healthy? Adv Nutr 2016; 
7(4): 706-718. doi: 10.3945/an.115.011627.

13.	 LaHood A.J., Kok S.J.: Ethanol Toxicity. In: StatPearls [In-
ternet]. Treasure Island (FL): StatPearls Publishing; 2025. 
PMID: 32491313.

14.	 Zhao L., Meng X., Zhang Q.Y. et al.: A narrative review of 
prehypertension and the cardiovascular system: effects and 
potential pathogenic mechanisms. Ann Transl Med 2021; 
9(2): 170. doi: 10.21037/atm-20-5482.

15.	 Liu Y., Ma W., Zhang P. et al.: Effect of resveratrol on blood 
pressure: A  meta-analysis of randomized controlled trials. 
Clin Nutr 2015; 34(1): 27-34. doi: 10.1016/j.clnu.2014.03.009.

16.	 Fogacci F., Tocci G., Presta V. et al.: Effect of resveratrol on blo-
od pressure: A systematic review and meta-analysis of rando-
mized, controlled, clinical trials. Crit Rev Food Sci Nutr 2019; 
59(10): 1605-1618. doi: 10.1080/10408398.2017.1422480.

17.	 Yu D., Tang Z., Li B. et al.: Resveratrol against Cardiac 
Fibrosis: Research Progress in Experimental Animal Mo-
dels. Molecules 2021; 26(22): 6860. doi: 10.3390/molecu-
les26226860.

18.	 Dguzeh U., Haddad N.C., Smith K.T.S. et al.: Alcoholism: 
A  Multi-Systemic Cellular Insult to Organs. Int J Environ 
Res Public Health 2018; 15(6): 1083. doi: 10.3390/
ijerph15061083.

19.	 Iyer R.P., Jung M., Lindsey M.L.: MMP-9 signaling in the left 
ventricle following myocardial infarction. Am J Physiol Heart 
Circ Physiol 2016; 311(1): H190-H198. doi: 10.1152/ajphe-
art.00243.2016.

20.	 Wu H., Li G.N., Xie J. et al.: Resveratrol ameliorates myocar-
dial fibrosis by inhibiting ROS/ERK/TGF-β/periostin pathway 
in STZ-induced diabetic mice. BMC Cardiovasc Disord 2016; 
16: 5. doi: 10.1186/s12872-015-0169-z.

21.	 Kuno A., Hosoda R., Tsukamoto M. et al.: SIRT1 in the car-
diomyocyte counteracts doxorubicin-induced cardiotoxicity 
via regulating histone H2AX. Cardiovasc Res 2023; 118(17): 
3360-3373. doi: 10.1093/cvr/cvac026.

22.	 Frankenstein H., Robak J., Lewandowska U. et al.: Sirtuina 1 
jako potencjalny cel molekularny resweratrolu w wybranych 

chorobach [Sirtuin 1 as a potential molecular target of resve-
ratrol in selected diseases]. Postepy Biochem 2024; 69(4): 
264-273. doi: 10.18388/pb.2021_499.

23.	 Hou C.Y., Chen Y.W., Hazeena S.H. et al.: Cardiovascular 
risk of dietary trimethylamine oxide precursors and the thera-
peutic potential of resveratrol and its derivatives. FEBS Open 
Bio 2024; 14(3): 358-379. doi: 10.1002/2211-5463.13762.

24.	 Kamann S., Haase T., Stolzenburg N. et al.: Resveratrol-Co-
ated Balloon Catheters in Porcine Coronary and Periphe-
ral Arteries. Int J Mol Sci 2019; 20(9): 2285. doi: 10.3390/
ijms20092285.

25.	 Kazemirad H., Kazerani H.R.: Cardioprotective effects of 
resveratrol following myocardial ischemia and reperfusion. 
Mol Biol Rep 2020; 47(8): 5843-5850. doi: 10.1007/s11033-
020-05653-7.

26.	 Chekalina N.I.: Resveratrol has a positive effect on parame-
ters of central hemodynamics and myocardial ischemia in 
patients with stable coronary heart disease. Wiad Lek 2017; 
70(2 pt 2): 286-291.

27.	 Keramat S., Sharebiani H., Patel M. et al.: The Potential Role 
of Antioxidants in the Treatment of Peripheral Arterial Dise-
ase: A Systematic Review. Antioxidants (Basel) 2022; 11(11): 
2126. doi: 10.3390/antiox11112126.

28.	 Fan D., Liu C., Guo Z. et al.: Resveratrol Promotes Angioge-
nesis in a FoxO1-Dependent Manner in Hind Limb Ischemia 
in Mice. Molecules 2021; 26(24): 7528. doi: 10.3390/molecu-
les26247528.

29.	 McDermott M.M., Martens C.R., Domanchuk K.J. et al.: Ni-
cotinamide riboside for peripheral artery disease: the NICE 
randomized clinical trial. Nat Commun 2024; 15(1): 5046. 
doi: 10.1038/s41467-024-49092-5.

30.	 Sperling M., Grzelak T., Czyżewska K.: Endokrynna funkcja 
tkanki tłuszczowej w ujęciu historycznym. Hygeia Public He-
alth 2016; 51(4): 339-342.

31.	 Fortunato I.M., Dos Santos T.W., Ferraz L.F.C. et al.: Ef-
fect of Polyphenols Intake on Obesity-Induced Maternal 
Programming. Nutrients 2021; 13(7): 2390. doi: 10.3390/
nu13072390.

32.	 Dal-Pan A., Blanc S., Aujard F.: Resveratrol suppresses 
body mass gain in a seasonal non-human primate model of 
obesity. BMC Physiol 2010; 10: 11. doi: 10.1186/1472-6793-
10-11.

33.	 Li F., Gao C., Yan P. et al.: EGCG Reduces Obesity and 
White Adipose Tissue Gain Partly Through AMPK Activa-
tion in Mice. Front Pharmacol 2018; 9: 1366. doi: 10.3389/
fphar.2018.01366.

34.	 Forney L.A., Lenard N.R., Stewart L.K. et al.: Dietary Qu-
ercetin Attenuates Adipose Tissue Expansion and Inflam-
mation and Alters Adipocyte Morphology in a  Tissue-Spe-
cific Manner. Int J Mol Sci 2018; 19(3): 895. doi: 10.3390/
ijms19030895.

35.	 Nettore I.C., Rocca C., Mancino G. et al.: Quercetin and 
its derivative Q2 modulate chromatin dynamics in adipoge-
nesis and Q2 prevents obesity and metabolic disorders in 
rats. J Nutr Biochem 2019; 69: 151-162. doi: 10.1016/j.jnut-
bio.2019.03.019.

36.	 Arias N., Picó C., Macarulla M.T. et al.: A  combination of 
resveratrol and quercetin induces browning in white adipose 
tissue of rats fed an obesogenic diet. Obesity (Silver Spring) 
2017; 25(1): 111-121. doi: 10.1002/oby.21706.

37.	 Liu T.Y., Yu H.R., Tsai C.C. et al.: Resveratrol intake during 
pregnancy and lactation re-programs adiposity and amelio-
rates leptin resistance in male progeny induced by maternal 
high-fat/high sucrose plus postnatal high-fat/high sucrose 
diets via fat metabolism regulation. Lipids Health Dis 2020; 
19(1): 174. doi: 10.1186/s12944-020-01349-w.

38.	 Błażejewska-Hyżorek B., Czernuszenko A., Członkowska A. 
et al.: Wytyczne postępowania w udarze mózgu. Pol Przegl 
Neurol 2019; 15: 1-155. doi: 10.5603/PPN.2019.0001.

39.	 Gibas K.: Choroby naczyniowe mózgu. In: Brzęk A., Krzy-
stanek E., Siuda J., ed., Fizjoterapia i leczenie w wybranych 
jednostkach chorobowych w  obrębie ośrodkowego układu 
nerwowego: rozważania teoretyczne i zalecenia praktyczne. 
Podręcznik dla studentów kierunków medycznych, w  tym 
fizjoterapii i  lekarskiego. Katowice: SUM; 2022. 15-22. doi: 
10.47590/sum.9788375094534.

40.	 Sienkiewicz-Jarosz H.: Udar mózgu. Kompendium dla prak-
tyka. Warszawa: PZWL; 2020.

41.	 Chen J., Bai Q., Zhao Z. et al.: Resveratrol improves delay-
ed r-tPA treatment outcome by reducing MMPs. Acta Neurol 
Scand 2016; 134(1): 54-60. doi: 10.1111/ane.12511.

http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://stat.gov.pl/obszary-tematyczne/ludnosc/statystyka-przyczyn-zgonow/umieralnosc-w-2021-roku-zgony-wedlug-przyczyn-dane-wstepne,10,3.html
http://stat.gov.pl/obszary-tematyczne/ludnosc/statystyka-przyczyn-zgonow/umieralnosc-w-2021-roku-zgony-wedlug-przyczyn-dane-wstepne,10,3.html
http://stat.gov.pl/obszary-tematyczne/ludnosc/statystyka-przyczyn-zgonow/umieralnosc-w-2021-roku-zgony-wedlug-przyczyn-dane-wstepne,10,3.html


Review of Medical Practice, 2026; Vol. XXXII, No. 180

42.	 Abd Aziz W., Wani N.A., Iezhitsa I., Agarwal R. et al.: Neu-
roprotection by trans-resveratrol against collagenase-in-
duced neurological and neurobehavioural deficits in rats 
involves adenosine A1 receptors. Neurol Res 2020; 42(3): 
189-208. doi: 10.1080/01616412.2020.1716470.

43.	 Zhao R., Zhao K., Su H. et al.: Resveratrol ameliorates bra-
in injury via the TGF-β-mediated ERK signaling pathway in 
a  rat model of cerebral hemorrhage. Exp Ther Med 2019; 
18(5): 3397-3404. doi: 10.3892/etm.2019.7939.

44.	 Bonsack F., Alleyne C.H. Jr., Sukumari-Ramesh S.: Resve-
ratrol Attenuates Neurodegeneration and Improves Neurolo-
gical Outcomes after Intracerebral Hemorrhage in Mice. Front 
Cell Neurosci 2017; 11: 228. doi: 10.3389/fncel.2017.00228.

The authors declare no conflict of interest.

Correspondence address:

Jakub Dudek 
e-mail: jakub.dudi@gmail.com 
tel. 503 009 005 
ul. Adriana Głębockiego 13 
42-209 Częstochowa

mailto:jakub.dudi@gmail.com

