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Abstract: The beneficial effects of a Mediterranean diet are due to the numerous active compounds
in the food and, particularly, the high concentration of compounds with synergistically acting
antioxidant properties. Resveratrol, a stilbenoid nonflavonoid phenol, is an antioxidant that is
naturally produced by numerous plants as a defensive agent in response to attacks from pathogens,
such as bacteria and fungi. Resveratrol has several effects on human health, including on the lipid
profile, where it primarily downregulates the enzyme 3-hydroxy-3-methylglutaryl coenzyme A
reductase, reducing the synthesis of cholesterol. Resveratrol also increases the expression of LDL
receptors in the liver, contributing to the reduction in the LDL-cholesterol levels. This short narrative
review, based on relevant articles written in English from a PubMed search, using the keywords
“resveratrol”, “atherosclerosis”, “cardiovascular disease”, and “Mediterranean Diet“, focuses on the
possible effects of this molecule on cardiovascular disease, lipid metabolism, and atherosclerosis.
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1. Introduction

Resveratrol (RSV) is a stilbenoid, or a nonflavonoid phenol, that is naturally produced
by numerous plants as a defensive agent in response to attacks from pathogens, such as
bacteria or fungi. The chemical structure of RSV consists of two aromatic rings linked by
a methylene bridge. RSV naturally occurs in two isomeric forms, cis and trans (Figure 1),
however the trans form is the most stable and biologically active [1,2]. RSV is mostly
contained in the peel of grape berries, and the other common sources of RSV are peanuts,
mulberries, blueberries, bilberries, soybeans, pomegranates, cranberries, soy, dark choco-
late, pistachios, and Polygonum cuspidatum [3]. Plants usually produce RSV in response
to mechanical injuries and ultraviolet radiation and as a defense against viral and fungal
infections. In common foods, the RSV concentrations widely varies from 19 mg/g in tomato
skin [4] to 350 mg/kg in dark chocolate, 100 mg/kg in milk chocolate [5], 68 mg/100 mL in
Itadori tea [6], 59–1759 mg/kg in white grapes, and 400 mg/kg in fresh apples [7,8]. The
cardioprotective, antitumor, antidiabetic, antioxidant, and neuroprotective effects of RSV,
as well as its effects on glucose metabolism, are well known.
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RSV has protective properties against DNA damage and the resulting initial muta-
tions, consequently showing a detoxifying activity and the suppression of the carcino-
genic metabolic activation. This is also due to decreased plasma levels of insulin-like 
growth factor-1 (IGF-1) and IGF-binding protein-3 (IGFBP-3) with a reduction in their mi-
togenic and antiapoptotic activity [16]. 
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restriction mimetics, thus eliciting the deacetylation of peroxisome proliferator-activated 
receptor-gamma coactivator-1 alpha (PGC1-α), which is a key regulator of energy metab-
olism [17], leading to decreased glycolysis in the muscles and liver and increased lipid use 
[18,19]. This benefits longevity and the prevention of age-related complications. In addi-
tion, RSV inhibits ATP production by interfering with the mitochondrial function, leading 
to an increase in the AMP/ATP ratio, which activates the AMP-activated protein kinase 
(AMPK), a pivotal protein governing energy homeostasis. Furthermore, AMPK may in-
hibit the mammalian target of rapamycin (mTOR) signaling, which is associated with an 
extended lifespan, given its anti-aging effects [20]. 

Another important aspect of RSV is its antioxidant effects. Although the in vitro an-
tioxidant action of RSV is far superior to that of other antioxidants, its plasma concentra-
tion in humans is generally low due to its low bioavailability. Therefore, the antioxidant 
effect of RSV in humans is weak unless large quantities are consumed [21]. The most im-
portant antioxidant effect is manifested on the low-density lipoprotein (LDL), which is 
protected from oxidation by the chelation of copper, an essential element for the oxidative 
process of the LDL [22,23]. 

Teimouri et al. [24] proposed a systematic review where they showed that RSV might 
exerts a powerful protective action against atherosclerosis. RSV also acts on blood plate-
lets with an anti-inflammatory and antithrombotic mechanism. RSV has anti-inflamma-
tory effects, especially in patients with cardiovascular disease, specifically by reducing 
serum levels of C-reactive proteins and TNF-alpha [24]. The anti-inflammatory action oc-
curs by blocking cyclooxygenase, a platelet enzyme that is important in the transformation 
of arachidonic acid into inflammatory prostaglandins. The antithrombotic activity is due 
to the inhibition of the synthesis of thromboxane, a prothrombotic eicosanoid, with a con-
sequent antiaggregating effect on the platelets [25]. 

Most importantly, due to its antioxidant, anti-inflammatory, immunoregulatory, and 
protective properties of vascular functions, and by improving neurohumoral regulation, 
RSV regulates the cardiomyocyte proliferation, promoting autophagy and inhibiting my-
ocardial fibrosis and its impact on mitochondrial degradation and lipid metabolism, thus 
maintaining the normal function of the myocardial cells. Therefore, resveratrol can inhibit 
pathological cardiac remodeling, thus delaying the onset and development of cardiovas-
cular disease [26]. 

RSV contributes to cardioprotection against ischemia–reperfusion injury in the myo-
cardial tissue. In particular, RSV activates the nuclear factor erythroid-2-related factor 2 
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In humans, the total RSV absorption rate in the intestine is as high as 70%. RSV is
rapidly metabolized after oral intake and is finally eliminated by the kidneys. Therefore, its
plasma bioavailability is only 20% of the oral intake. Resveratrol also rapidly metabolizes
into the corresponding sulfate and glucuronic acid conjugates due to specific enzymes
and intestinal microorganisms [9–15]. In addition, the occurrence of mild to moderate
dose-related side effects, as well as the ability of RSV to interfere with the activity of drug-
metabolizing enzymes, point to an optimal dosage between 100 and 1000 mg/day [10].

RSV has protective properties against DNA damage and the resulting initial mutations,
consequently showing a detoxifying activity and the suppression of the carcinogenic
metabolic activation. This is also due to decreased plasma levels of insulin-like growth
factor-1 (IGF-1) and IGF-binding protein-3 (IGFBP-3) with a reduction in their mitogenic
and antiapoptotic activity [16].

One of the most studied RSV mechanisms is the increased energy expenditure from
modulating the protein targets by inducing mitochondrial biogenesis. RSV can directly acti-
vate the sirtuins, specifically sirtuin1 (SIRT1) and sirtuin5 (SIRT5), which act as caloric restric-
tion mimetics, thus eliciting the deacetylation of peroxisome proliferator-activated receptor-
gamma coactivator-1 alpha (PGC1-α), which is a key regulator of energy metabolism [17],
leading to decreased glycolysis in the muscles and liver and increased lipid use [18,19].
This benefits longevity and the prevention of age-related complications. In addition, RSV
inhibits ATP production by interfering with the mitochondrial function, leading to an
increase in the AMP/ATP ratio, which activates the AMP-activated protein kinase (AMPK),
a pivotal protein governing energy homeostasis. Furthermore, AMPK may inhibit the
mammalian target of rapamycin (mTOR) signaling, which is associated with an extended
lifespan, given its anti-aging effects [20].

Another important aspect of RSV is its antioxidant effects. Although the in vitro an-
tioxidant action of RSV is far superior to that of other antioxidants, its plasma concentration
in humans is generally low due to its low bioavailability. Therefore, the antioxidant effect
of RSV in humans is weak unless large quantities are consumed [21]. The most important
antioxidant effect is manifested on the low-density lipoprotein (LDL), which is protected
from oxidation by the chelation of copper, an essential element for the oxidative process of
the LDL [22,23].

Teimouri et al. [24] proposed a systematic review where they showed that RSV might
exerts a powerful protective action against atherosclerosis. RSV also acts on blood platelets
with an anti-inflammatory and antithrombotic mechanism. RSV has anti-inflammatory
effects, especially in patients with cardiovascular disease, specifically by reducing serum
levels of C-reactive proteins and TNF-alpha [24]. The anti-inflammatory action occurs
by blocking cyclooxygenase, a platelet enzyme that is important in the transformation of
arachidonic acid into inflammatory prostaglandins. The antithrombotic activity is due
to the inhibition of the synthesis of thromboxane, a prothrombotic eicosanoid, with a
consequent antiaggregating effect on the platelets [25].

Most importantly, due to its antioxidant, anti-inflammatory, immunoregulatory, and
protective properties of vascular functions, and by improving neurohumoral regulation,
RSV regulates the cardiomyocyte proliferation, promoting autophagy and inhibiting my-
ocardial fibrosis and its impact on mitochondrial degradation and lipid metabolism, thus
maintaining the normal function of the myocardial cells. Therefore, resveratrol can inhibit
pathological cardiac remodeling, thus delaying the onset and development of cardiovascu-
lar disease [26].

RSV contributes to cardioprotection against ischemia–reperfusion injury in the my-
ocardial tissue. In particular, RSV activates the nuclear factor erythroid-2-related factor
2 (Nrf2) signaling pathway, thus increasing the expression of the antioxidant enzymes.
RSV also reduces the expression of the proapoptotic proteins, such as caspase-3, through
the (phosphoinositide 3-kinases/protein kinase B (PI3K)/Akt pathway. The other effects
observed after the RSV administration are a reduction in the inflammation, which is asso-
ciated with a reduced expressions of the tumor necrosis factor-α (TNF-α), nuclear factor
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kappa-B (Nfk-B), transferrin receptor-1 (TfR1) and ferroptosis, which is associated with an
increased glutathione peroxidase-4 (GPX4) activity. Furthermore, through the activation
of SIRT1, resveratrol administration is associated with reduced mitochondrial reactive
oxygen species (ROS) production due to a decrease in the intramitochondrial calcium
concentration [27].

RSV has the potential to influence the increase in the species within the gut microbiota
and alter its composition. Therefore, it may be able to influence the composition of the bac-
terial species in the gut in favor of human health [28]. In addition, RSV acts by attenuating
the progression of the atherosclerotic plaque induced by trimethylamine N-oxide (TMAO),
which is a metabolite of the intestinal flora that plays a substantial role in cardiovascular
disease (CVD).

The Mediterranean diet (MD) is one of the effective model diets for delaying the effect
of aging and preventing CVD, cancer, and degenerative diseases [5–8]. The beneficial effects
of the MD are due to the high concentration and synergistic effect of the phytochemical
components of the foods in this diet, such as polyphenols, sterols, polyunsaturated fatty
acids, and vitamins [29,30]

The purpose of this brief narrative review was to analyze the available evidence to
increase our understanding of the cardioprotective effects of RSV, i.e., the inhibitory action
of RSV on the lipid metabolism and the progression of atherosclerotic disease.

2. Methodology

We performed a narrative review of the literature using PubMed with the following
keywords: “resveratrol”, “atherosclerosis”, “cardiovascular disease”, and “Mediterranean
Diet“. We focused primarily on articles written in English and original research based on
its importance and relevance to this field. Our selection of references focused on the most
impactful and clinically relevant reports and included published review articles. Where
relevant, we focused on more recently published articles.

3. RSV Effects on Atherosclerosis Progression and Lipid Metabolism

The development and progression of atherosclerosis can be attributed to multiple
risk factors, such as hypercholesterolemia, hypertension, age, sex, diabetes, impaired
glucose tolerance, smoking, obesity, and genetic factors. All these are commonly known as
traditional risk factors, which often coexist in the same individual and can aggravate each
other, amplifying the mechanism of pathogenesis and the progression of atherosclerotic
plaque.

Other risk factors, denominated as nontraditional risk factors, include poor daily lifestyle,
infection, inflammation, hyperomocysteinemia, hyperuricemia, clonal hematopoiesis of inde-
terminate potential (CHIP), dysbiosis of the intestinal flora, depression, metabolic syndrome,
hyperinsulinemia, nephrotic syndrome, organ transplantation, hyperfibrinogenemia, hyperco-
agulable state, obstructive sleep apnea, and extrasystolic arrhythmia, among others [31].

The transforming growth factor/extracellular regulated protein kinases (TGF/ERK)
signaling pathway is also involved in the pathophysiological mechanisms that are related
to the development of atherosclerosis, such as the vascular smooth muscle cell (VSMC)
proliferation, inflammatory response, proliferation of fibroblasts, and accumulation of extra-
cellular matrix [32,33]. RSV may also inhibit the TGF/ERK signaling pathway by activating
SIRT1, thus potentially playing a role in slowing the development of atherosclerosis [34].

Hypertension is characterized by decreased vasodilator production and increased
ROS levels in the endothelium. This leads to a decreased endothelial nitric oxide synthase
(eNOS) expression and vasodilator production, including decreased nitric oxide (NO)
levels. Consequently, this leads to increased vasoconstriction and blood pressure.

Several animal model studies have shown that the consumption of resveratrol, by
stimulating SIRT1, Nrf2, and the AMP-activated AMPK activity, led to an increased eNOS
phosphorylation and expression. This led to increases in the levels of nitric oxide and other
vasodilators and a decrease in blood pressure [33].
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The effect of RSV in lipid the improving profile could be due to its downregulation of
the enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, thus reducing
the total cholesterol (TC) and LDL levels. RSV can also increase the expression of the
LDL receptors in the liver, contributing to reductions in the LDL concentration [29,30].
Additionally, RSV has antioxidant, antiplatelet, and anti-inflammatory properties [35,36].

RSV improves glucose, lipid, and amino acid metabolism in the endothelial cells (ECs).
RSV reduces glucose uptake and glycolysis by inhibiting the expression of the glucose
transporter (Glut), monocarboxylate transporter (MCT), 6-phosphofructo-1-kinase (PFK),
pyruvate kinase (PK), hexokinase (HK), and lactate dehydrogenase (LDH). In addition, RSV
improves fatty-acid-related damage by upregulating the expression of brain and muscle
arnt-like protein-1 (Bmal1). It decreases lipogenesis by suppressing the expression of fatty
acid synthase (FASN) and activates fatty acid oxidation by suppressing the expression of
acetyl-CoA carboxylase (ACC).

Finally, resveratrol increases the uptake and synthesis of glutamine. It upregulates the
NO release by elevating the expression of eNOS, suppressing the level of serum asymmetric
dimethylarginine (ADMA), and inhibiting the activity of arginase [11,37].

RSV shows a cardioprotective activity both by regulating the ROS production in
cardiac cells and changing the lipid profile, and by reducing atherosclerosis progression in
animal models, randomized control trials (RCTs), and prospective cohort studies.

3.1. RSV Effects on Lipid Metabolism and the Progression of Atherosclerosis: Studies on
Animal Models

A case–control animal model study was conducted on guinea pigs [38], in which
eight guinea pigs were provided with RSV in drinking water for 16 days (14 mg/kg body
weight). Five control animals were provided with 0.2% ethanol in tap water instead of
RSV. The RSV administration significantly increased the NAD(P)H:quinone oxidoreductase
(DT-diaphorase) activity, expressed as Vmax (nmoles/mg protein/min) with respect to the
controls (p < 0.05) without changing its affinity for the substrate, expressed as Kmax (µM)
(p > 0.05). In addition, the authors measured the activities of glutathione peroxidase (Gpx,
nmol/mg protein/min), glutathione reductase (GR, nmol/mg protein/min), catalase (CAT,
units/mg protein), Cu/Zn superoxide dismutase (Cu/Zn-SOD, units/mg protein), and Mn
superoxide dismutase (Mn-SOD, units/mg protein) in the hearts isolated from the control
and the RSV-treated animals. They showed that the RSV treatment significantly increased
the cardiac CAT activity (p < 0.001) but not the Gpx, GR, Cu/Zn-SOD, or Mn-SOD activity
with respect to the controls. Finally, the authors measured the amount of the ROS produced
by the cardiac fractions isolated from both the RSV-treated and the control guinea pigs at
low (5 µM) and high (20 µM) concentrations of 2-methyl-1,4-naphthoquinone (menadione).
They found that the positive inotropic effect of menadione, the activity of which is related
to the amount of the ROS generated by the cardiac metabolism, substantially decreased in
the left atria isolated from the RSV-treated animals compared to the controls.

A case–control study on animal models was conducted [39] to demonstrate the lipid-
lowering properties of RSV. Male Apo/E-deficient mice (34 weeks old) were divided into
four groups: a control group, which was fed only a standard semisynthetic diet; a second
group, which was supplemented with 0.02% clofibrate (CF); a third group, which was
supplemented with 0.02% RSV; and a fourth group, which was supplemented with 0.06%
RSV. After 20 weeks, compared to the control group, the authors observed a significant
reduction in the plasma levels (mmol/L) of the TC in the 0.02% CF, 0.02% RSV, and
0.06% RSV groups (p < 0.05). A significant reduction in the plasma levels (mmol/L) of
triglycerides (TG) was also observed in the 0.02% CF, 0.02% RSV, and 0.06% RSV groups
(p < 0.05). In addition, compared to the control group, a significant reduction in the plasma
levels (mmol/L) of the LDL was observed in the 0.02% CF, 0.02% RSV, and 0.06% RSV
groups (p < 0.05). A significant increase in the plasma levels (mmol/L) of the high-density
lipoprotein (HDL) was observed after 20 weeks in all the treatment groups (p < 0.05).
Consequently, the HDL/cholesterol ratio (%), which is predictive of the risk of heart
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disease, increased in the 0.02% CF, 0.02% RSV, and 0.06% RSV groups (p < 0.05). A decrease
was observed in the atherogenic index, a strong marker predictive of the risk for coronary
heart disease, which was expressed by the TC-HDL-cholesterol/HDL ratio, in the 0.02%
CF, 0.02% RSV, and 0.06% RSV groups (p < 0.05). Compared to the control group, after
20 weeks, the hepatic 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA) activity was
reduced (p < 0.05), while the acyl-CoA cholesterol acyltransferase (ACAT) activity was
increased in all three treatment groups.

A case–control animal model study was conducted on three groups of 10–12-week-old
female APOE*3-Leiden.CETP (E3L.CETP) transgenic mice, as a mouse model representing
human CVD [40]. All the mice were fed regular chow, supplemented with RSV, atorvastatin,
or RSV plus atorvastatin. In the E3L.CETP transgenic mice, the RSV supplementation
reduced the progression of atherosclerotic lesions by improving the plaque stability. The
authors noted a significant reduction in the total atherosclerotic lesions compared to those
of the control group in the mice supplemented with RSV (p < 0.01), atorvastatin (p < 0.05),
and RSV plus atorvastatin (p < 0.01). In addition, an improvement was noted in the plaque
stability, expressed by the collagen/macrophage ratio in the mice supplemented with RSV
(p < 0.05), atorvastatin (p < 0.01), and RSV plus atorvastatin (p < 0.001). A reduction in
the plasma very-low-density lipoprotein (VLDL) levels was also observed in the mice
supplemented with RSV (p = 0.08), atorvastatin (p < 0.05), and RSV plus atorvastatin
(p < 0.05).

An experiment on ApoE-deficient mice [41] was conducted to assess the effects of RSV
on the serum levels of the total cholesterol (TC), LDL, HDL, non-HDL, and TG and how
RSV can protect against the atherosclerosis progression induced by a high-fat diet (HFD).
The mice were divided into five groups: a control group (normal diet); an HFD group
(1.25% cholesterol and 20% lard); an HFD plus lipopolysaccharides (LPS) group (10 mcg
of LPS/mouse), with LPS as a trigger of inflammation [42,43]; an HFD plus simvastatin
group (3.3 mg/kg/mouse), and a HFD plus RSV group (5 mg RSV/kg/day). Compared
to the mice in the control group, after 20 weeks of the HFD plus LPS, the serum levels of
the TC, TG, LDL, and non-HDL significantly increased, while the HDL level decreased.
After the 20th week, in the HFD + LPS + RSV group, the serum levels of the TC, TG and
non-HDL decreased, while the levels of the HDL increased. Concerning the progression
of atherosclerosis plaque, after 20 weeks of the HFD plus LPS, a thickened coronary wall
and a large area of atherosclerotic plaque on the aorta were observed. Both simvastatin
and RSV treatment reduced the thickening of the coronary wall and the plaque area on
the aorta. In addition, both simvastatin and the RSV treatments decreased the rate of the
CD4+ T cells in the peripheral blood mononuclear cells (PBMCs), suggesting a reduced
inflammatory status of the atherosclerotic plaque.

Similar results were obtained from a subsequent case–control animal model study [44].
Twenty-four New Zealand male rabbits were divided into three groups: a normal diet
group (NDG), a fatty diet group (FDG), and a fat diet plus RSV group (RFG), in which
80 mg RSV/kg/day was added to the fat diet. The serum levels of the TG, TC, HDL,
LDL, and lipoprotein-associated phospholipase A2 (Lp-PLA2), as a predictor biomarker
for cardiovascular risk assessment [45], were measured. After three months, the authors
observed a significant decrease in the serum levels of the TC, HDL, LDL, and Lp-PLA2
(p < 0.001), but not the TG in the RFG with respect to the FDG (p = 0.232). Furthermore,
the intimal thickness and the intima/media ratio, but not the smooth muscle layer, of
the RFG was significantly lower than that of the FDG (p < 0.001; p = 0.65, respectively).
This was indicative of a slower progression toward atherosclerotic plaque. The authors
concluded that RSV, by reducing the serum levels of the TC, LDL, and Lp-PLA2, might
inhibit the thickening of the arterial intima. In addition, RSV may inhibit the production of
proinflammatory cytokines, reduce the atherosclerotic effect of Lp-PLA2, and reduce the
peroxidation of the LDL by macrophages by its absorption.

All the animal model studies are summarized in Table 1.
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Table 1. RSV effects on the antioxidant activity, lipid metabolism, and progression of atherosclerosis:
studies on animal models.

Author,
Year of

Publication
Study

Design
Study

Duration Sample Size RSV Supplementation, Antioxidant Activity, Lipid Profile, and
Atherosclerotic Risk

Maura
Floreani, 2003

[39]
Case

control
Follow-up: 16

days

13 Dunkin–
Hartley male
guinea pigs

Effect of RSV on Vmax and Km of DT-diaphorase from guinea pig cardiac tissue:
RSV treatment vs. controls
Vmax: 75.47 ± 3.87 vs. 57.08 ± 9.02, p < 0.05
Km: 0.23 ± 0.03 vs. 0.25 ± 0.02, p = NS
Effect of RSV on the antioxidant enzyme activities of cardiac tissue: RSV
treatment vs. controls
Gpx: 46.49 ± 2.61 vs. 45.10 ± 1.60, p = NS
GR: 18.21 ± 2.97 vs. 16.62 ± 1.93, p = NS
CAT: 32.20 ± 2.39 vs. 25.14 ± 3.85, p < 0.001
Cu/Zn SOD: 32.69 ± 3.86 vs. 27.75 ± 4.15, p = NS
Mn–SOD: 31.87 ± 3.55 vs. 32.70 ± 1.86, p = NS
Menadione-induced ROS generation by cardiac tissue from the control and
resveratrol-treated guinea pigs.
RSV-treated guinea pigs: significantly lower ROS production with respect to
controls (p < 0.001, data not shown)
Positive inotropic effect induced by increasing the concentrations of menadione
in the left atria isolated from control and RSV-treated guinea pigs.
RSV-treated guinea pigs: no inotropic action of menadione at 5 M concentration;
effect was 54% lower than that observed in controls (p < 0.001, data not shown)

Gyeong-Min
Do, 2008 [40]

Case
control 20 weeks

4-week-old
male apo/E-

deficient
mice

Effects of resveratrol supplementation on the plasma levels (mmol/L) of the total
cholesterol at 20 weeks (p < 0.05):
Control diet: 9.60 ± 0.50
0.02% clofibrate-supplemented diet: 7.73 ± 0.36
0.02% resveratrol-supplemented diet: 6.33 ± 0.41
0.06% resveratrol-supplemented diet: 7.78 ± 0.51
Effects of resveratrol supplementation on the plasma levels (mmol/L) of
Triglycerides at 20 weeks (p < 0.05):
Control diet: 1.51 ± 0.17
0.02% clofibrate-supplemented diet: 1.10 ± 0.11
0.02% resveratrol-supplemented diet: 1.00 ± 0.11
0.06% resveratrol-supplemented diet: 1.42 ± 0.16
Effects of resveratrol supplementation on the plasma levels (mmol/L) of the LDL
at 20 weeks (p < 0.05):
Control diet: 8.1 ± 0.5
0.02% clofibrate-supplemented diet: 6.1 ± 0.4
0.02% resveratrol-supplemented diet: 4.8 ± 0.3
0.06% resveratrol-supplemented diet: 5.9 ± 0.5
Effects of resveratrol supplementation on the plasma levels (mmol/L) of the
HDL at 20 weeks (p < 0.05):
Control diet: 1.07 ± 0.10
0.02% clofibrate-supplemented diet: 1.41 ± 0.12
0.02% resveratrol-supplemented diet: 1.36 ± 0.11
0.06% resveratrol-supplemented diet: 1.87 ± 0.12
Effects of resveratrol supplementation on the plasma levels of the
HDL/cholesterol (%) at 20 weeks (p < 0.05):
Control diet: 11.7 ± 0.9
0.02% clofibrate-supplemented diet: 18.4 ± 1.5
0.02% resveratrol-supplemented diet: 20.9 ± 1.7
0.06% resveratrol-supplemented diet: 22.3 ± 1.5
Effects of resveratrol supplementation on the plasma levels of the atherogenic
index (ratio) at 20 weeks (p < 0.05):
Control diet: 7.0 ± 0.5
0.02% clofibrate-supplemented diet: 4.6 ± 0.4
0.02% resveratrol-supplemented diet: 3.9 ± 0.4
0.06% resveratrol-supplemented diet: 3.8 ± 0.3
Effects of resveratrol supplementation on the hepatic HMG-CoA reductase
activity (pmol/min/mg protein) at 20 weeks (p < 0.05):
Control diet: 282.15 ± 15.62
0.02% clofibrate-supplemented diet: 148.20 ± 31.38
0.02% resveratrol-supplemented diet: 113.73 ± 6.20
0.06% resveratrol-supplemented diet: 152.97 ± 11.45
Effects of resveratrol supplementation on the hepatic ACAT activity
(pmol/min/mg protein) at 20 weeks:
Control diet: 49.99 ± 4.17
0.02% clofibrate-supplemented diet: 52.81 ± 2.86
0.02% resveratrol-supplemented diet: 55.92 ± 2.78
0.06% resveratrol-supplemented diet: 59.77 ± 3.43
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Table 1. Cont.

Author,
Year of

Publication
Study

Design
Study

Duration Sample Size RSV Supplementation, Antioxidant Activity, Lipid Profile, and
Atherosclerotic Risk

Jimmy F.P.
Berbée, 2013

[41]

Case
control

Run-in
period:

5 weeks;
Drug

intervention
period: 14

weeks

10–12-week-
old female
APOE*3-

Leiden.CETP
(E3L.CETP)
transgenic

mice

Total atherosclerotic lesion area:
Resveratrol vs. control: −52% (p < 0.01)
Atorvastatin vs. control: −40% (p < 0.05)
Resveratrol plus atorvastatin vs. control: −47% (p < 0.01)
Collagen/macrophage ratio as marker of plaque stability:
Resveratrol vs. control: +108% (p < 0.05)
Atorvastatin vs. control: +124% (p < 0.01)
Resveratrol plus atorvastatin vs. control: +154% (p < 0.001)
Reduction in the plasma VLDL levels:
Resveratrol vs. control: −19% (p = 0.08)
Atorvastatin vs. control: −22% (p < 0.05)
Resveratrol plus atorvastatin vs. control: −21% (p < 0.05)

Liyu Zhou,
2020 [42]

Case
control 20 weeks

7-week-old
male apo/E-

deficient
mice

HFD + LPS vs. control after 20 weeks (data not shown):
TC, LDL-C, non-HDL-C serum levels: increased (p < 0.001).
TG serum levels: increased (p < 0.05)
HDL-C serum levels decreased (p < 0.05)
Atherosclerotic plaque area ratio: increased (p < 0.01)
CD4+ T cells in PBMC: increased (p < 0.01)
Simvastatin + LPS vs. HFD + LPS after 20 weeks (data not shown):
TC, LDL-C, serum levels: decreased (p < 0.01)
TG, non-HDL-C serum levels: decreased (p < 0.05)
HDL-C serum levels increased (p < 0.05)
Atherosclerotic plaque area ratio: decreased (p < 0.05)
CD4+ T cells in PBMC: decreased (p < 0.05)
Resveratrol + LPS vs. HFD + LPS after 20 weeks (data not shown):
TC, LDL-C, serum levels: decreased (p < 0.01)
TG, non-HDL-C serum levels: decreased (p < 0.05)
HDL-C serum levels increased (p < 0.05)
Atherosclerotic plaque area ratio: decreased (p < 0.05)
CD4+ T cells in PBMC: decreased (p < 0.05)

Lei Xu, 2020
[45]

Case
control 3 months

24 three-
month-old

New Zealand
male white

rabbits

Serum levels (mmol/L) of the total cholesterol at 3 months in RFG vs. FDG
11.84 ± 2.78 vs. 30.32 ± 5.74, p < 0.001
Serum levels (mmol/L) of the HDL at 3 months in RFG vs. FDG
1.58 ± 0.35 vs. 3.28 ± 1.61, p < 0.001
Serum levels (mmol/L) of the LDL at 3 months in RFG vs. FDG
6.23 ± 1.53 vs. 16.45 ± 3.16, p < 0.001
Serum levels (mmol/L) of Lp-PLA2 at 3 months in RFG vs. FDG
953.20 ± 96.66 vs. 1928.88 ± 385.78, p < 0.001
Serum levels (mmol/L) of the TG at 3 months in RFG vs. FDG
0.76 ± 0.28 vs. 0.90 ± 0.42, p = 0.232
Measurements (µm) of the aortic arch thickness observed under a microscope at
3 months in RFG vs. FDG
Intima: 52.44 ± 14.94 vs. 124.76 ± 6.83, p < 0.001
Intima/media ratio: 0.30 ± 0.09 vs. 0.64 ± 0.04, p < 0.001
Smooth muscle layer: 173.48 ± 4.05 vs. 194.16 ± 10.2, p = 0.65

3.2. RSV Effects on Lipid Metabolism and Progression of Atherosclerosis on Humans: RCTs and
Prospective Cohort Studies

A meta-analysis of the data from 10 RCTs [46] involving 600 subjects evaluated the
efficacy of the RSV intake on the plasma concentration, expressed as the weighed mean
difference (WMD) of the C-reactive protein (CRP), TC, LDL, HDL, TG, and glucose; systolic
blood pressure (SBP); and diastolic blood pressure DBP as the selected predictors of the
CVD risk. Of the 600 subjects, 344 received the RSV supplementation at a dose ranging from
8 to 1500 mg/day of RSV or trans-RSV. The duration of the RSV supplementation ranged
from 60 days to 12 months. No significant effect was found for the RSV supplementation
on the changes in plasma CRP (p = 0.731), TC (p = 0.859), LDL (p = 0.948), TG (p = 0.866),
or glucose (p = 0.703) concentrations. Only a slight reduction in the HDL (p = 0.001)
was observed. No significant change was found in either the SBP (p = 0.868) or the DBP
(p = 0.674). However, the authors acknowledged the limitations of their meta-analysis, i.e.,
few RCTs were included, the heterogeneity concerning the patient characteristics and study
design, and the low number of subjects.

In a triple-blind, randomized, placebo-controlled study [47], 75 patients with stable
CAD received 350 mg/day of a placebo or grape extract containing phenolics plus 8 mg
RSV or a conventional grape extract lacking RSV for 6 months with a double dose for the
following 6 months. In the placebo group, after 12 months, the interleukin-10 (IL-10) and
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adiponectin serum levels significantly decreased by 6.6% (p = 0.03) and 12.7% (p = 0.01)
vs. the baseline, respectively, whereas the plasminogen activator inhibitor type 1 (PAI-1)
serum levels significantly increased by 38.5% (p < 0.001). In the RSV group, the serum
adiponectin levels increased by 10% (p = 0.01) and the adiponectin serum values were
23% higher than in the placebo group (p < 0.05). An 18% (p = 0.05) decrease in the serum
PAI-1 and high-sensitivity C-reactive protein (hs-CRP) levels (p = 0.17) were also observed.
In the RSV-group, a significant (p < 0.05) downregulation was observed in the gene ex-
pression of six proinflammatory factors, namely, the Kruppel-like factor 2 (KLF2), NF-kB,
activator protein 1 (Ap-1), proto-oncogene c-JUN (JUN), activating transcription factor 2
(ATF-2), and CREB-binding protein (CREBBP). These data suggested an inhibition of the
lymphocytes/monocytes-mediated inflammatory response, with the subsequent inhibition
of the inflammatory response, by the PBMCs in the RSV-containing grape extract group.

A prospective case–control study was subsequently conducted on twenty-five subjects
with a BMI > 30 mg/dL and metabolic syndrome [48]. All the patients were randomly
divided into a placebo group (nine subjects: physical activity program + diet + placebo),
and an RSV group (thirteen subjects: physical activity program + diet + RSV, 250 mg/day).

The authors evaluated the effects of the oral RSV supplementation associated with an
MD model and a physical training program on anthropometric parameters, such as the body
weight, body mass index (BMI), and waist circumference (WC). The biochemical parameters
were also evaluated, i.e., insulin, glycemia, hemoglobin A1c (HBA1c), leptin, uric acid,
fibrinogen, urea, creatinine, albumin, TC, LDL, HDL, VLDL, TG, alanine aminotransferase
(AST), and aspartate aminotransferase (ALT). After 12 weeks, the subjects treated with
the physical activity program + diet + placebo showed significant reductions in the body
weight (p = 0.006) and BMI (p = 0.003), WC (p = 0.001), and the levels of HBA1c (p = 0.005)
and leptin (p = 0.031). The subjects treated with the physical activity program + diet +
RSV 250 mg/day showed significant reductions in the body weight (p = 0.000) and BMI
(p = 0.000), and the WC (p = 0.000), TC (p = 0.031), VLDL (p = 0.025), leptin (p = 0.014), urea
(p = 0.046), creatinine (p = 0.021), and albumin (p = 0.000) levels. In addition, among the
patients in the RSV group, a significant increase in the HDL (p = 0.026) levels was observed.

A prospective cohort study [49], involving a sample of 2318 men from the Aragon
Workers Health Study (AWHS) [50], found that the subjects with the highest total polyphe-
nol intake consumed higher amounts of fruits, vegetables, virgin olive oil, coffee, nuts,
chocolate, and red wine. Notably, a higher intake of stilbenes, mainly RSV, was associated
with a reduction of up to 38% in the risk of developing atherosclerotic plaques in the
femoral arteries (p = 0.009). A similar result was observed regarding a high flavonoid intake
(p < 0.001). A slight but not significant reduction in the risk of developing atherosclerotic
plaques in the carotid arteries was observed, which was associated with higher intakes
of flavonoids (p = 0.094) and stilbenes (p = 0.536). In addition, the risk of developing
atherosclerotic plaques in the femoral arteries was reduced by 4% for each 100 mg/day
increase in the intake of flavonoids and by 3% for each 1 mg/day increase in the intake of
stilbenes. Finally, a slight but not significant reduction in the coronary calcium, evaluated
by the coronary artery calcium (CACS), which is known to be a marker of coronary damage
and an independent predictor of CHD [51–53], was observed, associated with the increased
intakes of flavonoids (p = 0.346) and stilbenes (p = 0.131).

The effect of the RSV supplementation on the biomarkers of atherosclerosis was
assessed in a review that pooled the biochemical parameters from 27 studies, with a
mean sample size of 26 subjects [54], at baseline and postintervention. Based on the
clinical relevance and a higher variation level, 12 biomarkers of atherosclerosis were
selected, i.e., systolic SBP, DBP, TC, TG, LDL, HDL, hsCRP, TNF-α, IL-6, IL-10, leptin, and
adiponectin. All the studies were divided into three clusters, where the patients in Clusters
II and III presented comorbidities, such as type 2 diabetes mellitus (T2DM), dyslipidemia,
hypertension, obesity, and stable angina. The clusters differed in the study duration (38,
74, and 175 days) and RSV dosage (1067, 454, and 264 mg). The patients in Cluster II
(74.21 ± 10.36 days of study duration, 454.14 ± 129 mg of RSV) showed the best results in
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terms of the percentage of reductions in the SBP (p < 0.001), DBP (p = 0.026), TC (p < 0.001),
LDL (p = 0.036), and TG (p < 0.001) levels. The patients in Cluster III (175.33 ± 40.96 days
of study duration, 263.75 ± 88.07 mg of RSV) showed the best results in terms of the
percentage of increases in the HDL (p < 0.001). No statistically significant changes were
observed in the values of hsCRP, TNF-α, IL-6, IL-10, leptin, or adiponectin in Cluster I,
Cluster II, or Cluster III.

More specifically considering the efficacy of the RSV supplementation on the lipid
and glucose metabolism, a meta-analysis involving 1171 subjects was conducted [55] to
further clarify the relationship between the RSV supplementation and lipid and glucose
metabolism. All 25 articles were randomized placebo-controlled trials. The following
parameters were considered: the TC, TG, LDL, HDL, body weight, BMI, waist circum-
ference (WC), HbA1c, HOMA index, insulin, leptin, fasting glucose, fat percentage, and
adiponectin level. Continuous data were pooled using the standardized mean difference
(SMD) with a 95% confidence interval (CI) to calculate the effects of the RSV supple-
mentation. The authors described significant reductions in the WC (p = 0.002), HbA1c
(p < 0.001), TC (p = 0.003), LDL (p < 0.001), and HDL (p = 0.03) levels. No significant
changes were observed in the body weight (p = 0.18), BMI (p = 0.83), fasting glucose
(p = 0.14), insulin (p = 0.42), HOMA index (p = 0.13), fat percentage (p = 0.06), TG (p = 0.53),
adiponectin (p = 0.89), or leptin (p = 0.38). Overall, significant results were observed from
the intervention studies lasting longer than 17 weeks and applying a daily RSV intake of
200–500 mg/day. Concerning the lipid metabolism, significant reductions in the TC and
HDL levels were observed in the intervention studies lasting less than 8 weeks. A more
significant reduction in the LDL level was observed for the intervention trials ranging
from 9–16 weeks. Regarding the dosage, significant reductions in the LDL and HDL levels
were observed in the trials with a dose of 200 mg/day. Concerning the TC, a significant
reduction occurred in the trials with a dose of 200–500 mg/day.

Finally, the EC is not only a simple internal cellular lining of the blood vessels. Instead,
it plays a substantial role in the regulation of immunoproliferative–inflammatory processes
and angiogenesis, thus constituting an active and fundamental component in the develop-
ment process of atherosclerosis. A meta-analysis involving 1034 adult subjects from 17 RCTs
evaluated the effect of the RSV supplementation on the endothelial functions, including the
flow-mediated dilation (FMD), intercellular adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1), fibrinogen, and plasminogen activator inhibitor-1 (PAI-1)
serum levels, expressed as the weighted mean difference (WMD) [56]. The RSV supplemen-
tation significantly increased the FMD, but only in cross-over studies (WMD: 1.59%; 95% CI:
1.05–2.13, p < 0.001) at RSV dosages of <100 mg (WMD: 1.69%; 95% CI:1.30–2.08, p < 0.001)
in the trials with acute intervention (WMD: 2.28%; 95% CI: 1.80–2.76, p < 0.001) and in
the studies that included people with CVD (WMD: 2.60%; 95% CI: 1.95–3.26, p < 0.001).
The RSV supplementation significantly decreased the ICAM-1 (WMD: −7.09 ng/mL, 95%
CI: −7.45 to −6.73, p < 0.001) but not VCAM-1 (WMD: −15.04 ng/mL, 95% CI: −37.52 to
−7.45, p = 0.19) serum levels. Finally, the RSV supplementation had no significant effect
on either the fibrinogen (WMD: 0.25 g/L, 95% CI: −0.36–0.86, p = 0.42) or PAI-1 (WMD:
−0.94 ng/mL, 95% CI: −3.51–1.62, p = 0.47) serum levels.

All the human studies are summarized in Table 2.
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Table 2. RSV effects on the antioxidant activity, lipid metabolism, and progression of atherosclerosis:
data from randomized clinical trials and prospective cohort studies.

Author, Year of
Publication Study Design Duration of

Study Sample Size RSV Intake, Atherosclerosis, and Inflammatory Biomarkers

Amirhossein
Sahebkar, 2015 [47]

Meta-analysis
from 10

randomized
controlled trials

Treatment
duration

range: 60 days
to 12 months

600 subjects:
344 in

RSV group and
256 controls

Effect of RSV supplementation on the plasma concentration of the CRP and
selected predictors of CVD risk.
CRP (mg/L): WMD = −0.144; 95% CI = −0.968–0.680; p = 0.731
TC (mg/dL): WMD = 1.49; 95% CI = −14.96–17.93; p = 0.859
LDL (mg/dL): WMD = −0.31; 95% CI = −9.57–8.95; p = 0.948
HDL (mg/dL): WMD = −4.18; 95% CI = −6.54–1.82; p = 0.001
TG (mg/dL): WMD = 2.67; 95% CI = −28.34–33.67; p = 0.866
Glucose (mg/dL): WMD = 1.28; 95% CI = −5.28–7.84; p = 0.703
SBP (mm Hg): WMD = 0.82; 95% CI = −8.86–10.50; p = 0.868
DBP (mm Hg): WMD = 1.72; 95% CI = −6.29–9.73; p = 0.674

João Tomé-Carneiro,
2013 [48]

Triple-blind,
randomized,

placebo-
controlled

study

Follow-up:
1 year

75 stable-CAD
patients

Serum levels of the inflammatory markers after 12 months vs. baseline in placebo
group:
Interleukin-10 (pg/mL): 18.3 ± 12.2 vs. 19.6 ± 12.4; p = 0.03
Adiponectin (µg/mL): 9.6 ± 4.4 vs. 11.0 ± 5.8; p = 0.01
PAI–1 (ng/mL): 25.9 ± 15.0 vs. 18.7 ± 14.4; p < 0.001
hs-CRP (mg/L): 4.0 ± 1.8 vs. 3.3 ± 2.2; p = 0.66
Serum levels of the inflammatory markers after 12 months vs. baseline in RSV
group:
Interleukin-10 (pg/mL): 23.3 ± 16.9 vs. 23.05 ± 16.7; p = 0.45
Adiponectin (µg/mL): 13.6 ± 5.2 vs. 12.4 ± 5.6; p = 0.01
PAI–1 (ng/mL): 14.0 ± 7.0 vs. 17.2 ± 10.3; p = 0.05
hs-CRP (mg/L): 3.2 ± 2.1 vs. 3.9 ± 4.1; p = 0.17
Activation status of the inflammation-related transcription factors genes in the
PBMCs in the RSV group after 12 months:
KLF2: Activated
Ap-1: Inhibited
JUN: Inhibited
ATF-2: Inhibited
CREBBP: Inhibited

G.C. Batista-Jorge,
2020 [49]

Prospective
case–control

study

Follow-up:
12 weeks

25 subjects
aged 30 to

60 years old

Anthropometric and biochemical parameters of the subjects treated with the
physical activity program + diet + placebo before and after the 12-weeks
intervention
Bodyweight (kg): 102.7 ± 12.9 vs. 95.9 ± 12.1, p = 0.006
BMI (kg/m2): 35.0 ± 3.0 vs. 32.8 ± 3.6, p = 0.003
WC (cm): 105.0 ± 9.4 vs. 96.3 ± 8.6, p = 0.001
TC (mg/dL): 198.4 ± 33.1 vs. 193.7 ± 44.1, p = 0.568
LDL (mg/dL): 123.3 ± 38.3 vs. 117.7 ± 42.0, p = 0.483
HDL (mg/dL): 47.2 ± 6.6 vs. 50.6 ± 5.8, p = 0.253
VLDL (mg/dL): 24.1 ± 6.7 vs. 27.4 ± 9.5, p = 0.209
Triglycerides (mg/dL): 120.4 ± 33.1 vs. 137.1 ± 47.4, p = 0.203
Insulin (IU): 56.7 ± 91.7 vs. 13.9 ± 6.1, p = 0.194
Glycemia (mg/dL): 87.1 ± 9.1 vs. 89.4 ± 5.7, p = 0.363
HBA1c (%): 5.5 ± 0.7 vs. 6.2 ± 0.4, p = 0.005
Leptin (mg/dL): 36.3 ± 24.2 vs. 22.7 ± 16.2, p = 0.031
Uric acid (mg/dL): 10.6 ± 15.9 vs. 4.8 ± 0.7, p = 0.345
ALT (mg/dL): 30.2 ± 14.4 vs. 30.6 ± 14.5, p = 0.948
AST (mg/dL): 33.3 ± 19.4 vs. 35.3 ± 34.1, p = 0.874
Fibrinogen (mg/dL): 97.0 ± 136.9 vs. 5.1 ± 5.7, p = 0.535
Urea (mg/dL): 30.0 ± 12.2 vs. 30.3 ± 6.5, p = 0.933
Creatinine (mg/dL): 0.9 ± 0.3 vs. 1.6 ± 2.3, p = 0.344
Albumin (mg/dL): 4.5 ± 0.4 vs. 7.8 ± 11.3, p = 0.371
Anthropometric and biochemical parameters of the subjects treated with the
physical activity program + diet + RSV (250 mg/day) before and after the
12-week intervention
Bodyweight (kg): 105.4 ± 13.0 vs. 98.1 ± 11.7, p = 0.000
BMI (kg/m2): 36.1 ± 4.5 vs. 33.6 ± 3.5, p = 0.000
WC (cm): 109.6 ± 8.3 vs. 102.2 ± 7.8, p = 0.000
TC (mg/dL): 221.0 ± 48.6 vs. 192.1 ± 43.9, p = 0.031
LDL (mg/dL): 127.8 ± 33.3 vs. 108.1 ± 38.1, p = 0.241
HDL (mg/dL): 42.7 ± 7.6 vs. 48.1 ± 6.2, p = 0.026
VLDL (mg/dL): 49.3 ± 25.6 vs. 39.1 ± 14.3, p = 0.025
Triglycerides (mg/dL): 294.9 ± 191.8 vs. 189.9 ± 73.2, p = 0.094
Insulin (IU): 46.6 ± 69.9 vs. 15.6 ± 4.1, p = 0.154
Glycemia (mg/dL): 138.8 ± 66.3 vs. 117.1 ± 45.9, p = 0.116
HBA1c (%): 11.3 ± 15.0 vs. 11.7 ± 15.6, p = 0.343
Leptin (mg/dL): 35.8 ± 27.9 vs. 28.0 ± 25.5, p = 0.014
Uric acid (mg/dL): 10.1 ± 14.8 vs. 5.4 ± 1.6, p = 0.302
ALT (mg/dL): 34.9 ± 12.4 vs. 29.3 ± 11.0, p = 0.099
AST (mg/dL): 46.1 ± 27.4 vs. 37.7 ± 23.5, p = 0.440
Fibrinogen (mg/dL): 82.1 ± 151.9 vs. 3.7 ± 1.2 p = 0.199
Urea (mg/dL): 35.9 ± 8.8 vs. 28.9 ± 6.3, p = 0.046
Creatinine (mg/dL): 1.0 ± 0.1 vs. 0.9 ± 0.2, p = 0.021
Albumin (mg/dL): 4.8 ± 0.6 vs. 4.0 ± 0.4, p = 0.000
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Table 2. Cont.

Author, Year of
Publication Study Design Duration of

Study Sample Size RSV Intake, Atherosclerosis, and Inflammatory Biomarkers

Henry Montero
Salazar, 2022 [50]

Prospective
cohort study

Mean
follow-up:
10 years

2318 subjects
from cohort of

AWHS

Risk of presence of at least one plaque in the femoralarteries according to a higher
dietary polyphenol intake:
Stilbenes: OR = 0.62; 95%CI = 0.46–0.83; p trend = 0.009
Flavonoids: OR = 0.62; 95%CI = 0.48–0.80; p trend < 0.001
Risk of presence of at least one plaque in the carotid
arteries according to a higher dietary polyphenols intake:
Stilbenes: OR = 0.89; 95%CI = 0.67–1.18; P trend = 0.536
Flavonoids: OR = 0.80; 95%CI = 0.62–1.02; P trend = 0.094
Risk of presence of at least one plaque in the femoral arteries according to each
1 mg/day intake of stilbenes or each 100 mg/daily intake of flavonoids:
Stilbenes: OR = 0.97; 95%CI = 0.95–0.99
Flavonoids: OR = 0.94; 95%CI = 0.90–0.98
Risk of presence of a positive coronary calcium Agatston score (CACS > 0)
according to a higher dietary polyphenol intake:
Stilbenes: OR = 0.75; 95%CI = 0.55–1.03; P trend = 0.131
Flavonoids: OR = 0.88; 95%CI = 0.67–1.15; P trend = 0.346

Tamires Miranda
Santana, 2022 [55]

Review from 27
randomized
clinical trials

Treatment
duration

range:
28–360 days

Average sample
size: 26 subjects

Changes in atherosclerosis biomarkers according to Cluster II (RSV dose:
454.14 ± 129 mg):
SBP (%): −6.76 ± 1.06, p < 0.001
DBP (%):−4.51 ± 1.77, p = 0.026
TC (%): −6.04 ± 1.51, p < 0.001
TG (%): −10.13 ± 5.01, p < 0.001
LDL (%): −4.81 ± 3.40, p = 0.036
HDL (%): −1.16 ± 1.42, p < 0.001
Changes in atherosclerosis biomarkers according to Cluster III (RSV dose:
263.75 ± 88.07 mg):
SBP (%): −0.95 ± 1.19, p < 0.001
DBP (%): −1.39 ± 0.87, p = 0.026
TC (%): −3.28 ± 1.39, p < 0.001
TG (%): −3.51 ± 2.12, p < 0.001
LDL (%): −4.35 ± 2.38, p = 0.036
HDL (%): 6.23 ± 1.35, p < 0.001

Qian Zhou, 2022
[56]

Meta-analysis
and systematic
review from 25

randomized
controlled trials

Treatment
duration

range:
4–26 weeks

1171 subjects:
578 in

placebo group
and 593 in RSV

intervention
group

Effect of RSV supplementation on the lipid, glucose, and anthropometric
parameters (SMD). Best duration of intervention: more than 17 weeks; best intake
of RSV: 200–500 mg/day)
TC: SMD = –0.15; 95% CI = –0.01–−0.3; p = 0.003
LDL-C: SMD = –0.42; 95% CI = –0.27–−0.57; p < 0.001
HDL-C: SMD = −0.16 95% CI = –0.02–−0.31; p = 0.03
HbA1c: SMD = –0.48, 95% CI = –0.2–−0.69; p < 0.001
WC: SMD = –0.36; 95% CI = –0.14–−0.59; p = 0.002
TG: SMD = 0.06; 95%CI = –0.12–0.23; p = 0.53
Body weight: SMD = 0.12; 95%CI = –0.05–0.28; p = 0.18
BMI: SMD = 0.02; 95%CI = –0.13–0.17; p = 0.83
HOMA index: SMD = 0.14; 95%CI = 0.04–0.31; p = 0.13
Insulin: SMD = 0.1; 95%CI = –0.06–0.25; p = 0.42
Leptin: SMD = 0.11; 95%CI = –0.13–0.36; p = 0.38
Fasting glucose: SMD = –0.10; 95%CI = –0.24–0.03; p = 0.14
Fat percentage: SMD = –0.26; 95%CI = –0.54–0.01; p = 0.06
Adiponectin: SMD = 0.02; 95%CI = –0.22–0.25; p = 0.89

Nazanin
Mohammadipoor,

2022 [57]

Meta-analysis
and systematic
review from 17

randomized
controlled trials

Treatment
duration:
90 min–

24 weeks for
evaluating

FMD;
4–54 weeks for

evaluating
fibrinogen,

PAI-1, ICAM-1,
VCAM-1

Effect of RSV supplementation on FMD (%), ICAM-1, VCAM-1, fibrinogen, PAI-1
(WMD).
FMD in cross-over studies: WMD = 1.59%; 95% CI: 1.05–2.13, p < 0.001
FMD at dosages <100 mg: WMD = 1.69%; 95% CI:1.30–2.08, p < 0.001
FMD on acute intervention: WMD = 2.28%; 95% CI: 1.80–2.76, p < 0.001
FMD on patients with CVD: WMD = 2.60%; 95% CI: 1.95–3.26, p < 0.001
ICAM-1: WMD = −7.09 ng/mL, 95% CI: −7.45–−6.73, p < 0.001
VCAM-1: WMD = −15.04 ng/mL, 95% CI: −37.52–−7.45, p = 0.19
Fibrinogen: WMD = 0.25 g/L, 95% CI: −0.36–0.86, p = 0.42
PAI-1: WMD = −0.94 ng/mL, 95% CI: −3.51–1.62, p = 0.47

3.3. RSV Effects on Atherosclerosis Progression by Regulating the TMAO Synthesis via the
Remodeling of Gut Microbiota

The gut microbiota can regulate several metabolic processes in the host, including
the lipid metabolism [57,58]. The mechanisms through which dietary fatty acids affect the
gut microbiota are poorly known. Most consumed fatty acids are absorbed in the small
intestine. However, a minority pass through the gastrointestinal tract and modulate the
colonic microbiota composition. Fatty acids have a broad spectrum of antibacterial activity,
such as the lysis and solubilization of bacterial cell membranes or the inhibition of ATP
production. The antibacterial action of fatty acids is affected by the carbon chain length,
saturation, and double bond position. Fatty acids may also be used as metabolic substrates
by the gut bacteria, thereby affecting the gut microbiota profile and the production of
microbial metabolite [59–62].

TMAO is a phospholipid metabolite related to intestinal microorganisms. It is predom-
inantly sourced from choline, which is found in foods such as red meat, fish, poultry, and
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eggs, or from L-carnitine, which is found in red meat and dairy products. Both choline and
L-carnitine are metabolized by the gut microbiota into trimethylamine (TMA) and then into
TMAO through the action of the hepatic enzyme, flavin monooxygenase-3 (FMO3). Studies
have recently suggested that TMAO is a new independent risk factor for atherosclerosis.
The plasma level of TMAO is reportedly positively associated with cardiovascular risk
and mortality in a dose-dependent manner. The higher the concentration of TMAO in the
plasma, the higher the probability of malignant cardiovascular and cerebrovascular events.
A recent prospective case–control study showed that in a 10-year period, regardless of
the level of baseline TMAO, the final increase in TMAO was significantly associated with
an increased risk of CHD, and the TMAO–CHD relationship could be improved through
dietary changes [63–71].

TMAO can hasten the atherosclerosis progression through the mechanisms related
to the lipid metabolism and inflammation. More specifically, TMAO promotes oxidative
stress and inflammation in the endothelial cells, thus aggravating the vascular dysfunction.
TMAO also aggravates the process of the atherosclerotic plaque formation by promoting
vascular calcification. It promotes the conversion of macrophages into foam cells and
the platelet activation process. In addition, TMAO contributes to increases in the serum
cholesterol levels and the progression of atherosclerosis (AS) by reversing the cholesterol
transport and by inhibiting bile acid (BA) synthesis [64,66]. TMAO also induces increases
in the oxidative stress and inflammation of endothelial cells, leading to an increase in the
endothelial-derived NOS expression [53], thus contributing to endothelial dysfunction [72].

Resveratrol is characterized by a poor bioavailability when ingested through red wine,
other foods, or food supplements. When taken orally, only 1–8% of free resveratrol is found
in the serum, 25% is excreted without absorption, and over 70% is metabolized by the
liver and the intestinal microbiota [62,73]. Nonetheless, resveratrol has broad antibacterial
activity at concentrations that can be reached even with a dietary intake. Specifically,
resveratrol seems to inhibit the bacteria involved in the saccharolytic and proteolytic
activities [74].

RSV acts by lowering the TMAO levels and increasing hepatic bile acid synthesis
via remodeling the gut microbiota [30]. Specifically, RSV has antibacterial properties
against various bacterial species, including opportunistic intestinal pathogens, for example,
Escherichia coli, Enterococcus faecalis, and Salmonella enterica [75–77]. The bactericidal
effect of resveratrol is, however, weaker toward commensal bacterial species such as the
Lactobacillus spp. [78]. RSV can, therefore, influence the composition of bacterial species in
the intestine in favor of maintaining the state of health.

In summary, by modifying the composition of the intestinal flora, RSV induces re-
ductions in the levels of microbial production of intestinal TMA, subsequently leading to
a decrease in the synthesis of TMAO in the liver and, ultimately, to the inhibition of the
progression of AS. Additionally, by remodeling the intestinal microbiota, RSV increases the
enzymatic activity of bile salt hydrolase (BSH). This induces an increase in the production
of unconjugated bile acid (BA) from the conjugated BA. This involves an increase in the
fecal excretion and a contextual induction of hepatic BA neosynthesis, thus contributing to
reductions in the serum cholesterol levels and the inhibition of the AS progression [79].

4. Concluding Remarks

Although the evidence provided strong results, the final effect of resveratrol in humans
is not yet fully understood. This is due to the variability in the dosages used in the studies,
the heterogeneity of the experimental studies conducted on small samples of subjects, the
low statistical power of the same studies, and a myriad of biological and other biases [20].

Concerning the cardioprotective effects of the RSV treatment, the study results were
inconsistent, mainly due to the wide variability between the clinical studies regarding the
RSV dosage, treatment duration, and number and characteristics of the subjects examined.
Consequently, no widespread consensus has been reached regarding whether RSV has
protective effects on cardiovascular health [80,81].
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The mechanisms of action of RSV are pleiotropic, varying in potential benefits for
cardiovascular health, obesity, metabolic health, inflammation, and for cancer management.
From the reported evidence, only one study [46] did not find a significant effect of the RSV
supplementation on the plasma concentrations of CVD risk markers. This result must be
attributed, as recognized by the authors themselves, to several factors; first to the small
number of studies included (only 10) and second to the small number of subjects included
in the studies (600 total, of which only 344 were administered RSV). This was due to the
heterogeneity of the duration of the studies (60 days to 12 months) and the heterogeneity
of the dosage (from 8 to 1500 mg/day) of the different compounds administered to the
patients, namely RSV, trans-RSV, extract grape juice containing RSV, or Chuanhu anti-gout
blend containing 149.2 µg/mL RSV.

Most of the evidence from the studies conducted both on animal models and human
populations found that RSV showed a cardioprotective activity by regulating the ROS
production in cardiac cells and modifying the lipid profiles, thus reducing the progression
of atherosclerosis. In addition, RSV can promote vasodilation by stimulating the K+
channels activated by Ca2+ and decreasing the inactivation of nitric oxide by free radicals
in the endothelium.

Overall, the evidence confirmed that RSV is one of the most important nutraceuticals
belonging to the stilbenoid group. The potent antioxidant, antiplatelet, and anti-inflammatory
properties of RSV explain its protective and health-promoting properties [82,83]. The studies
on RSV metabolites seem to be encouraging, as these either have similar effects or can act as
an RSV pool in the body, fostering the metabolic effects previously solely attributed to free
RSV [84].

Currently, RSV is widely marketed primarily as a dietary supplement, available
without a prescription, and as an antioxidant with generic protective effects.

In conclusion, although a wide range of in vitro and in vivo evidence shows that RSV
is a promising therapeutic agent, the evidence reviewed must not lead to an erroneous
conclusion about the unique role of RSV as a miraculous health protector considering the
numerous other phenolic compounds found in fruit and vegetables. The only advisable
indication is to adopt a healthy dietary model, for example, the MD, composed of a wide
variety of unprocessed plant-based foods that are rich in RSV.

The hope is that further clinical studies will be conducted to further understand the
bioavailability, metabolic pathways, and human toxicity of RSV and to confirm its potential
not as a nutraceutical or prebiotic but as a real drug.
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