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Several studies have demonstrated that polyphenol-enriched diets may have beneficial effects against the development of
cardiovascular disease. This activity is exerted by multiple mechanisms, mainly described in in vitro studies. However,
long-term studies on humans provided controversial results, making the prediction of polyphenol impact on health
uncertain. This entry provides an overview and critical analysis of the literature related to the effects of the principal dietary
polyphenols on cardiovascular disorders. We critically considered randomized controlled clinical trials involving subjects
taking polyphenol-based supplements for at least two weeks. Although pharmacological doses of polyphenols are likely to
beneficially affect several CVD hallmarks, such as hypertension, dyslipidemia, endothelial dysfunction and inflammation,
further studies aiming to fully characterize polyphenols pharmacokinetics and safety are necessary to unravel their
potential preventive role in real life.
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| 1. Impact of Polyphenols on Cardiovascular Disease in Humans

Globally, Cardiovascular Disease (CVD) is the major cause of morbidity and mortality, accounting for 32% of all causes
and for 44% of all non-communicable disease deaths. Of these, 85% are due to ischemic heart disease and stroke [, In
the last 18 years, the risk of dying from cardiovascular disease or other non-communicable diseases showed a slight, but
constant decrease. This trend could be caused by the implementation of several preventive measures, including actions
to reduce key risk factors such as unhealthy diet and alcohol consumption, physical inactivity, tobacco use, and constant
exposure to air pollution [, The pharmacological treatment of CVD has also greatly improved life expectancy and quality,
in either primary or secondary prevention, but side-effects and limited adherence to treatments have often dampened drug
effectiveness. In addition to pharmacological therapy, dietary supplements, functional foods and nutraceutical products are
being increasingly used for cardiovascular health, despite the lack of high-quality human trials evaluating the efficacy of
such additional interventions B4l Based on the recent recommendations for high-quality research & and with the aim to
provide a critical review of the recent evidence on the impact of polyphenol in the cardiovascular field, we herein focused
on intervention studies, conducted in primary prevention, and in which polyphenols were taken as nutraceuticals or other
titrated formulations. Two excellent reviews extensively treated the impact of common polyphenol-based nutraceuticals
and dietary products on cardiovascular health EIlZ; readers are invited to refer to them for a comprehensive reading. In
the present work, only trials evaluating the effects of the administration of polyphenol-enriched extracts or isolated
compounds were considered, while those contemplating polyphenol-rich food consumption, such as tea, coffee, chocolate
or fruit, in any formulations (e.g., whole fresh or dried product, beverages, etc.), or multiple compound-enriched
preparations, were excluded. Particular attention was paid to relatively long (more than two weeks) studies and those with
well-defined cardiovascular endpoints. The following narrative part discusses multiple endpoints from recent (last five
years) trials.

Amongst all the investigated CVD hallmarks, hypertension, dyslipidemia, endothelial dysfunction and systemic
inflammation were the most reported in selected literature. Specific markers have been used for evaluating cardiovascular
health. Increased total or low density lipoprotein cholesterol (LDL-C), or diminished high density lipoprotein cholesterol
(HDL-C) levels, are consolidated markers of increased cardiovascular risk and directly contribute to the atherosclerotic
plaque physiopathology . In addition, other proteins like apolipoprotein A—I or paraoxonase-1, which are constitutive
components of HDL particles, mainly displaying atheroprotective effects, have been inversely correlated with
cardiovascular risk. Specific markers of endothelial activation and dysfunction, causal drivers of vascular damage, may be
measured both in plasma and through minimally invasive ultrasound techniques. For example, endothelin-1, soluble
endothelial-derived adhesion molecules (sICAM-1, sVCAM-1), asymmetric dimethylarginine, exerting pro-inflammatory
actions on vascular endothelium, as well as high-sensitive C-reactive protein (hs-CRP), tumor necrosis factor alpha (TNF-
a) and interleukin-1 beta, systemic inflammation markers, are commonly used B9, Moreover, the brachial artery flow
mediated dilation (FMD) has found wide application. It is defined as the percent change in brachial artery diameter,



following to reactive hyperaemia, typically induced by a five-minutes circulatory arrest through a supra-systolic cuff
occlusion, causing NO release and vasodilation [ENA

High heterogeneity in experimental design, study population, compounds and endpoints evaluated, as well as the paucity
of data about the biological activity of the different metabolites hampered the possibility of clear comparisons or univocal
conclusions.

A small randomized, double-blind placebo-controlled clinical trial evaluated the effects of 200 mg/day of red grape seed
extract-derived oligomeric proanthocyanidin complexes for eight weeks, on 70 mild to moderate hyperlipidemic subjects.
Argani H. and colleagues 2 observed a significant reduction of plasma total cholesterol (-14.8 mg/dL + 19.7 vs.
baseline, p = 0.001), triglycerides (-19.4 mg/dL + 42.4 vs. baseline, p = 0.001) and LDL-C (-13.1 mg/dL + 20.6 vs.
baseline, p = 0.002). In the same study, anti-atherogenic components of plasma, such as apolipoprotein A—I (9.3 mg/dL +
11.7 vs. baseline, p = 0.001), paraoxonase-1 (4.5 IU/L + 7.7 vs. baseline, p = 0.03) and HDL-C (2.1 mg/dL + 3.7 vs.
baseline, not significant) increased as a consequence of treatment.

In another study, 70 subjects were randomized to receive 162 mg/day of quercetin from onion peel extract or placebo in a
double-blinded, placebo-controlled cross-over trial with six-week treatment periods separated by a six-week washout
period 18l This study is of particular interest because subjects were also controlled for plasma concentrations of
quercetin, its monomethylated derivatives tamarixetin (4'-O-methyl quercetin), isorhamnetin (3'-O-methyl quercetin) and
the dehydroxylated quercetin metabolite kaempferol. In the subgroup of the hypertensive subjects, quercetin significantly
decreased systolic blood pressure (SBP) by -3.6 mmHg (p = 0.022) when compared with placebo (mean treatment
difference, —3.9 mmHg; p = 0.049). Notwithstanding, vasoactive biomarkers including endothelin-1, sSICAM-1, sVCAM-1,
asymmetric dimethylarginine, angiotensin-converting enzyme activity, vascular/endothelial function (evaluated by
peripheral arterial tonometry, a technology to assess the reactive hyperaemia index), parameters of oxidation, were not
affected by quercetin in the total group and in the subgroup of hypertensives. In the same cohort 24!, authors did not find
any significant changes in serum concentrations of leptin and adiponectin, homeostasis model assessment-adiponectin
(HOMA-AD), glucose, insulin, homeostasis model assessment of insulin resistance (HOMA-IR), blood biomarkers of liver
and renal function, hematology, serum electrolytes, hs-CRP and plasma TNF-a. On the contrary, a randomized double-
blind, placebo-controlled study involving 72 healthy, overweight, and obese participants, randomly assigned to receive
100 mg/day of quercetin for 12 weeks did not find any significant difference in blood pressure between treatment and
placebo arm, nor versus baseline 3. However, treatment was effective in ameliorating endothelial function evaluated by
percent FMD (from 12.5 £ 5.2% to 15.2 + 6.1%; p = 0.002), and circulating endothelial progenitor cells counts by flow
cytometry (44.2 £ 25.6% vs. 52.3 + 18.6%; p = 0.005), compared with the baseline values.

A randomized, double-blind, placebo-controlled crossover trial evaluated the effects of pure (-)-epicatechin (100 mg/day)
and quercetin-3-glucoside (160 mg/day) on biomarkers of endothelial dysfunction and inflammation € or vascular
function and cardiometabolic health 14, in a cohort of 37 apparently healthy pre-hypertensive (SBP = 125=-160 mmHg)
men and women aged 40-80 years. The first analysis showed reduced plasma levels of markers of vascular
inflammation, such as soluble endothelial-selectin or interleukin-1 beta. However, the differences were not significant in
most cases.

In the second analysis, epicatechin supplementation improved fasting plasma insulin and HOMA-IR, without affecting
blood pressure, arterial stiffness, nitric oxide (NO), endothelin-1, or blood lipid profile. Quercetin-3-glucoside
supplementation had no effect on FMD, insulin resistance, or other CVD risk factors. Although the compliance and
polyphenol absorption were monitored after four weeks of treatment by measuring plasma and urine epicatechin and
guercetin concentrations, no further analysis of metabolites was carried out. However, studying pure flavonoids instead of
the original complex matrixes may raise some important issues. In fact, if on the one hand, this approach reduces the
burden of potential confounding factors, on the other, it may exclude potential favorable interactions with other flavonoids
and compounds naturally present in original sources, like cocoa or tea.

| 2. Mechanisms of Cardioprotection

The role of oxidative stress as a promoter of endothelial dysfunction, that in turn is a driver of early atherosclerosis and
consequent cardiovascular related disorders, is no longer in doubt and provides a support for the anti-inflammatory and
anti-oxidant strategy in the field of cardioprotection (8. The widely described antioxidant properties of polyphenols relies
on the presence of hydroxyl groups that can be readily oxidized to produce the corresponding O-quinones 2. This
conversion results in an effective scavenger activity towards reactive oxygen species, which occurs through the
entrapment of free radicals into stabilized chemical complexes, thus preventing further reactions 29, This so-called



“biochemical scavenger theory” is currently the most validated one to explain the beneficial effects towards a broad range
of non-communicable diseases, including CVD. However, it has to be noted that, although the antioxidant capacity of
polyphenols has been largely tested, the results of in vitro tests not always translate in an increased antioxidant status in
humans. This lack of consistency may be due to high variability of the single in vitro assays, as well as to individual-
related factors [21],

Beyond the inhibition of oxidative stress, polyphenols also display indirect antioxidant effects, occurring through the
activation of the transcription nuclear factor erythroid 2-related factor 2 (Nrf2). This event induces endogenous antioxidant
systems and is likely to be responsible also for polyphenol-mediated maintenance of the correct redox balance of cells,
achieved through the equilibrium of phase | and Il enzyme activity 22, The anti-inflammatory properties of polyphenols are
strictly connected with the modulation of oxidative stress and of the balance of redox cellular homeostasis 231, Multiple
mechanisms, most of which are mediated by the inhibition of the nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB), account for polyphenol’s anti-inflammatory activity. These compounds are able to decrease the cellular
production of pro-inflammatory mediators 24251261 and to inhibit the expression of adhesion molecules 27, thus impairing
the chemotaxis of monocytes within the inflamed tissues. Additional mechanisms accounting for the cardioprotective
action of polyphenols target lipid metabolism, whose impairment represents a causative factor of atherosclerosis
development 28, An exhaustive appraisal of polyphenol-enriched food capacity to beneficially modulate lipid and
lipoprotein metabolism has been recently reviewed by our group 2. The widely reported decrease of total and LDL-C
following the intake of polyphenols is possibly related to mechanisms occurring at hepatic and intestinal level. In the
former, the reduction of cholesterol synthesis, the increase of LDL receptor expression and activity 29 and the increase of
the cholesterol transporters ATP-Binding Cassette G5/ATP-Binding Cassette G8 expression 31 have been described in in
vivo models. In the latter, polyphenol (i.e., epigallocatechin gallate) capacity to displace cholesterol from intestinal micelles
have been associated with increased cholesterol fecal elimination in vivo 22, The effect on triglyceride plasma level is
possibly related to the reduction of apolipoprotein B48 and apolipoprotein B100 production in the liver and intestine, as
demonstrated in obese subjects B3], or to the interference with lipoprotein lipase expression, as evidenced in pigs B4. The
mechanisms accounting for the increase of HDL-C are limited to in vitro evidence. Among them, the increase in
apolipoprotein A—I synthesis has been reported in cultured hepatic or intestinal cells exposed to cocoa polyphenols 3.

Polyphenols could also be able to positively affect endothelial function, whose impairment is an established key factor for
the development of atherosclerosis. This activity has been demonstrated as an amelioration of FMD in humans, although
the effective dose was significantly higher than the typical dietary intake B8, The mechanism accounting for improved
FMD probably relies on the increase of NO synthase activity, as suggested by in vitro B2 and human studies 28], This NO-
mediated vasodilation, together with the influence on the renin-angiotensin system 9, is responsible for the reduction of
blood pressure, an additional cardioprotective activity of polyphenols. Interestingly, this effect is also evident upon
consumption of low, habitual amount of polyphenol-rich food 42,

Finally, polyphenols cardiovascular benefit may be ascribed to the peculiar pharmacokinetic properties mentioned above.
While these compounds mainly reach the distal tract of gastrointestinal system unchanged, once modified by the gut
microbiota, they may exert a prebiotic-like activity ¥%, causing the selective growth of beneficial bacteria [22431144]
together with the inhibition of harmful strains [431441145] This effect has been demonstrated in intervention studies, as well
as in ex vivo models of fecal fermentation, possibly accounting for the amelioration of markers of CVD.

References

1. GBD 2017 MortalityCollaborators. Global, regional, and national age-sex-specific mortality and life expectancy, 1950—
2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392, 1684—1735.

2. World Health Organization. World Health Statistics 2018: Monitoring Health for the SDGs, Sustainable Development
Goals; World Health Organization: Geneva, Switzerland, 2018.

3. Mahabir, S.; Pathak, Y. Nutraceuticals and Health Review of Human Evidence; CRC Press: Boca Raton, FL, USA,
2014; ISBN 1466517220.

4. Liperoti, R.; Vetrano, D.L.; Bernabei, R.; Onder, G. Herbal Medications in Cardiovascular Medicine. J. Am. Coll. Cardiol.
2017, 69, 1188-1199.

5. Mena, P.; Del Rio, D. Gold Standards for Realistic (Poly)phenol Research. J. Agric. Food Chem. 2018, 66, 8221-8223.

6. Visioli, F.; Davalos, A. Polyphenols and Cardiovascular Disease: A Critical Summary of the Evidence. Mini Rev. Med.
Chem. 2011, 11, 1186-1190.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Tomé-Carneiro, J.; Visioli, F. Polyphenol-based nutraceuticals for the prevention and treatment of cardiovascular

disease: Review of human evidence. Phytomedicine 2016, 23, 1145-1174.

. Catapano, A.L.; Pirillo, A.; Norata, G.D. Vascular inflammation and low-density lipoproteins: Is cholesterol the link? A

lesson from the clinical trials. Br. J. Pharmacol. 2017, 174, 3973—-3985.

. Tibaut, M.; Caprnda, M.; Kubatka, P.; Sinkovi¢, A.; Valentova, V.; Filipova, S.; Gazdikova, K.; Gaspat, L.; Mozos, |.;

Egom, E.E.; et al. Markers of Atherosclerosis: Part 1—Serological Markers. Heart Lung Circ. 2018.

Madonna, R.; Selvaggio, S.; Selvaggio, G.; Coronelli, M.; Cocco, N. “State-of-Art” paper of the Italian Working Group
on Atherosclerosis: Preclinical assessment of early coronary atherosclerosis. Int. J. Cardiol. 2016, 214, 442-447.

Tibaut, M.; Caprnda, M.; Kubatka, P.; Sinkovi¢, A.; Valentova, V.; Filipova, S.; Gazdikova, K.; Gaspar, L.; Mozos, I.;
Egom, E.E.; et al. Markers of Atherosclerosis: Part 2-Genetic and Imaging Markers. Heart Lung Circ. 2018.

Argani, H.; Ghorbanihaghjo, A.; Vatankhahan, H.; Rashtchizadeh, N.; Raeisi, S.; llghami, H. The effect of red grape
seed extract on serum paraoxonase activity in patients with mild to moderate hyperlipidemia. Sao Paulo Med. J. 2016,
134, 234-239.

Brill, V.; Burak, C.; Stoffel-Wagner, B.; Wolffram, S.; Nickenig, G.; Miller, C.; Langguth, P.; Alteheld, B.; Fimmers, R.;
Naaf, S.; et al. Effects of a quercetin-rich onion skin extract on 24 h ambulatory blood pressure and endothelial function
in overweight-to-obese patients with (pre-)hypertension: A randomised double-blinded placebo-controlled cross-over
trial. Br. J. Nutr. 2015, 114, 1263-1277.

Brill, V.; Burak, C.; Stoffel-Wagner, B.; Wolffram, S.; Nickenig, G.; Miller, C.; Langguth, P.; Alteheld, B.; Fimmers, R.;
Stehle, P.; et al. No effects of quercetin from onion skin extract on serum leptin and adiponectin concentrations in
overweight-to-obese patients with (pre-)hypertension: A randomized double-blinded, placebo-controlled crossover trial.
Eur. J. Nutr. 2017, 56, 2265-2275.

Choi, E.Y.; Lee, H.; Woo, J.S.; Jang, H.H.; Hwang, S.J.; Kim, H.S.; Kim, W.S.; Kim, Y.S.; Choue, R.; Cha, Y.J.; et al.
Effect of onion peel extract on endothelial function and endothelial progenitor cells in overweight and obese individuals.
Nutrition 2015, 31, 1131-1135.

Dower, J.1.; Geleijnse, J.M.; Gijsbers, L.; Schalkwijk, C.; Kromhout, D.; Hollman, P.C. Supplementation of the Pure
Flavonoids Epicatechin and Quercetin Affects Some Biomarkers of Endothelial Dysfunction and Inflammation in (Pre)
Hypertensive Adults: A Randomized Double-Blind, Placebo-Controlled, Crossover Trial. J. Nutr. 2015, 145, 1459-1464.

Dower, J.1.; Geleijnse, J.M.; Gijsbers, L.; Zock, P.L.; Kromhout, D.; Hollman, P.C.H. Effects of the pure flavonoids
epicatechin and quercetin on vascular function and cardiometabolic health: A randomized, double-blind, placebo-
controlled, crossover trial. Am. J. Clin. Nutr. 2015, 101, 914-921.

Koenig, W. Inflammation Revisited: Atherosclerosis in The Post-CANTOS Era. Eur. Cardiol. 2017, 12, 89-91.

Fraga, C.G.; Galleano, M.; Verstraeten, S.V.; Oteiza, P.I. Basic biochemical mechanisms behind the health benefits of
polyphenols. Mol. Aspects Med. 2010, 31, 435-445.

Sroka, Z.; Cisowski, W. Hydrogen peroxide scavenging, antioxidant and anti-radical activity of some phenolic acids.
Food Chem. Toxicol. 2003, 41, 753-758.

Granato, D.; Shahidi, F.; Wrolstad, R.; Kilmartin, P.; Melton, L.D.; Hidalgo, F.J.; Miyashita, K.; Van Camp, J.; Alasalvar,
C.; Ismail, A.B.; et al. Antioxidant activity, total phenolics and fl avonoids contents: Should we ban in vitro screening
methods? Food Chem. 2018, 264, 471-475.

Iranshahy, M.; Iranshahi, M.; Abtahi, S.R.; Karimi, G. The role of nuclear factor erythroid 2-related factor 2 in
hepatoprotective activity of natural products: A review. Food Chem. Toxicol. 2018, 120, 261-276.

Rahman, I.; Biswas, S.K.; Kirkham, P.A. Regulation of inflammation and redox signaling by dietary polyphenols.
Biochem. Pharmacol. 2006, 72, 1439-1452.

Callcott, E.T.; Thompson, K.; Oli, P.; Blanchard, C.L.; Santhakumar, A.B. Coloured rice-derived polyphenols reduce lipid
peroxidation and pro-inflammatory cytokines ex vivo. Food Funct. 2018, 9, 5169-5175.

Yu, W.; Tao, M.; Zhao, Y.; Hu, X.; Wang, M. 4'-Methoxyresveratrol Alleviated AGE-Induced Inflammation via RAGE-
Mediated NF-kB and NLRP3 Inflammasome Pathway. Molecules 2018, 23, 1447.

Vitale, M.; Vaccaro, O.; Masulli, M.; Bonora, E.; Del Prato, S.; Giorda, C.B.; Nicolucci, A.; Squatrito, S.; Auciello, S.;
Babini, A.C.; et al. Polyphenol intake and cardiovascular risk factors in a population with type 2 diabetes: The
TOSCA.IT study. Clin. Nutr. 2017, 36, 1686—1692.

Medina-Remoén, A.; Casas, R.; Tressserra-Rimbau, A.; Ros, E.; Martinez-Gonzalez, M.A.; Fitd, M.; Corella, D.; Salas-
Salvadé, J.; Lamuela-Raventos, R.M.; Estruch, R. Polyphenol intake from a Mediterranean diet decreases



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

inflammatory biomarkers related to atherosclerosis: A substudy of the PREDIMED trial. Br. J. Clin. Pharmacol. 2017,
83, 114-128.

Hurtubise, J.; McLellan, K.; Durr, K.; Onasanya, O.; Nwabuko, D.; Ndisang, J.F. The Different Facets of Dyslipidemia
and Hypertension in Atherosclerosis. Curr. Atheroscler. Rep. 2016, 18, 82.

Zanotti, |.; Dall’Asta, M.; Mena, P.; Mele, L.; Bruni, R.; Ray, S.; Del Rio, D. Atheroprotective effects of (poly)phenols: A
focus on cell cholesterol metabolism. Food Funct. 2015, 6, 13-31.

Sae-Tan, S.; Grove, K.A.; Lambert, J.D. Weight control and prevention of metabolic syndrome by green tea.
Pharmacol. Res. 2011, 64, 146-154.

Hirsova, P.; Kolouchova, G.; Dolezelova, E.; Cermanova, J.; Hyspler, R.; Kadova, Z.; Micuda, S. Epigallocatechin
gallate enhances biliary cholesterol secretion in healthy rats and lowers plasma and liver cholesterol in ethinylestradiol-
treated rats. Eur. J. Pharmacol. 2012, 691, 38-45.

Kobayashi, M.; Nishizawa, M.; Inoue, N.; Hosoya, T.; Yoshida, M.; Ukawa, Y.; Sagesaka, Y.M.; Doi, T.; Nakayama, T.;
Kumazawa, S.; et al. Epigallocatechin gallate decreases the micellar solubility of cholesterol via specific interaction with
phosphatidylcholine. J. Agric. Food Chem. 2014, 62, 2881-2890.

Dash, S.; Xiao, C.; Morgantini, C.; Szeto, L.; Lewis, G.F. High-dose resveratrol treatment for 2 weeks inhibits intestinal
and hepatic lipoprotein production in overweight/obese men. Arterioscler. Thromb. Vasc. Biol. 2013, 33, 2895-2901.

Azorin-Ortuno, M.; Yanez-Gascon, M.J.; Gonzalez-Sarrias, A.; Larrosa, M.; Vallejo, F.; Pallares, F.J.; Lucas, R.;
Morales, J.C.; Tomas-Barberan, FA.; Garcia-Conesa, M.-T.; et al. Effects of long-term consumption of low doses of
resveratrol on diet-induced mild hypercholesterolemia in pigs: A transcriptomic approach to disease prevention. J. Nutr.
Biochem. 2012, 23, 829-837.

Yasuda, A.; Natsume, M.; Osakabe, N.; Kawahata, K.; Koga, J. Cacao polyphenols influence the regulation of
apolipoprotein in HepG2 and Caco? cells. J. Agric. Food Chem. 2011, 59, 1470-1476.

Balzer, J.; Rassaf, T.; Heiss, C.; Kleinbongard, P.; Lauer, T.; Merx, M.; Heussen, N.; Gross, H.B.; Keen, C.L.; Schroeter,
H.; et al. Sustained Benefits in Vascular Function Through Flavanol-Containing Cocoa in Medicated Diabetic Patients
A. J. Am. Coll. Cardiol. 2008, 51, 2141-2149.

Leikert, J.F.; Réathel, T.R.; Wohlfart, P.; Cheynier, V.; Vollmar, A.M.; Dirsch, V.M. Red wine polyphenols enhance
endothelial nitric oxide synthase expression and subsequent nitric oxide release from endothelial cells. Circulation
2002, 106, 1614-1617.

Fisher, N.D.L.; Hughes, M.; Gerhard-Herman, M.; Hollenberg, N.K. Flavanol-rich cocoa induces nitric-oxide-dependent
vasodilation in healthy humans. J. Hypertens. 2003, 21, 2281-2286.

Actis-Goretta, L.; Ottaviani, J.l.; Keen, C.L.; Fraga, C.G. Inhibition of angiotensin converting enzyme (ACE) activity by
flavan-3-ols and procyanidins. FEBS Lett. 2003, 555, 597—-600.

Taubert, D.; Roesen, R.; Lehmann, C.; Jung, N.; Schomig, E. Effects of low habitual cocoa intake on blood pressure
and bioactive nitric oxide: A randomized controlled trial. JAMA 2007, 298, 49-60.

Henning, S.M.; Yang, J.; Shao, P; Lee, R.P.; Huang, J.; Ly, A.; Hsu, M.; Lu, Q.Y.; Thames, G.; Heber, D.; et al. Health
benefit of vegetable/fruit juice-based diet: Role of microbiome. Sci. Rep. 2017, 7, 2167.

Vendrame, S.; Guglielmetti, S.; Riso, P.; Arioli, S.; Klimis-zacas, D.; Porrini, M.; Alimentari, T.; Celoria, V. Six-Week
Consumption of a Wild Blueberry Powder Drink Increases Bifidobacteria in the Human Gut. J. Agric. Food Chem. 2011,
59, 12815-12820.

Mufioz-gonzélez, |.; Cueva, C.; Jiménez-girdn, A.; Sanchez-patan, F.; Santos-buelga, C.; Moreno-arribas, M.V,;
Bartolomé, B. A Survey of Modulation of Gut Microbiota by Dietary Polyphenols, A Survey of Modulation of Gut
Microbiota by Dietary Polyphenols. BioMed Res. Int. 2015, 2015, e850902.

Moreno-Indias, I.; Sanchez-Alcoholado, L.; Pérez-Martinez, P.; Andrés-Lacueva, C.; Cardona, F.; Tinahones, F,;
Queipo-Ortufio, M.I. Red wine polyphenols modulate fecal microbiota and reduce markers of the metabolic syndrome
in obese patients. Food Funct. 2016, 7, 1775-1787.

Cheng, H.; Jenner, A.M.; Seng, C.; Kun, Y. Effect of tea phenolics and their aromatic fecal bacterial metabolites on
intestinal microbiota. Res. Microbiol. 2006, 157, 876-884.

Retrieved from https://encyclopedia.pub/entry/history/show/48706



