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Flavonoids are metabolites of plants and fungus. Flavonoid research has been paid special attention to in recent times

after the observation of their beneficial effects on the cardiovascular system. These favorable effects are exerted by

flavonoids mainly due to their antioxidant properties, which result from the ability to decrease the oxidation of low-density

lipoproteins, thus improving the lipid profiles. The other positive effect exerted on the cardiovascular system is the ability

of flavonoids to produce vasodilation and regulate the apoptotic processes in the endothelium. Researchers suggested

that these effects, including their anti-inflammatory function, are consequences of flavonoids’ potent antioxidant

properties, but recent studies have shown multiple signaling pathways linked to them, thus suggesting that there are more

mechanisms involved in the beneficial effect of the flavonoids on the human body. This review aims to present the latest

data on the classification of these substances, their main mechanisms of action in the human body, and the beneficial

effects on the physiological and pathological status of the cardiovascular system. 
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of global mortality and morbidity. There has been an increase in

mortality among women with cardiovascular disease, which in recent years has exceeded the number of deaths from

breast cancer . The most commonly cited non-modifiable cardiovascular risk factors are age and gender. The incidence

of cardiovascular events increases with age, on the one hand due to the increase in plasma cholesterol, and on the other

hand due to increased arterial stiffness and peripheral vascular resistance . The gender-related risk of CVD depends on

age, so the incidence of CVD in men aged under 50 is 3–5 times higher than in women. Over the age of 50, there is a

significant increase in the incidence of CVD among women. Other risk factors mentioned in the literature are genetic

factors, sedentary lifestyle, obesity, smoking, high blood pressure, diabetes, and dyslipidemia .

Flavonoids are an important class of natural substances, with polyphenolic structure, characterized by a general structure

consisting of two benzene rings (two phenyl rings and a heterocyclic ring). The three components lead to the formation of

the basic structure of flavonoids, that is to say, the flavan nucleus . Flavonoids from plants are synthesized from

phenylalanine, which via phenylpropanol will be transformed into 4-coumarate coenzyme A. This process leads to the

formation of chalcone, which has structure similar to that of flavonoids and represents a precursor for numerous

flavonoids . Depending on the enzymes that act on chalcone and on the plant it derives from, two large classes of

flavonoids will result: 2-phenylchromen or 3-phenylchromen . The first class includes flavones, flavonols, flavanones,

flavan-3-ols, and anthocyanidins, and from the second group, isoflavonoids .

Flavonoids can be found in fruits, vegetables, nuts, seeds, in coffee, wine, or tea, with significant antioxidant effects

associated with various pathologies such as cancer, atherosclerosis, Alzheimer's disease, etc. . At the plant level,

they are responsible for the defense against oxidative stress, they act as UV filters and protect plants from different biotic

and abiotic stresses, function as signal molecules, detoxifying agents and antimicrobial defensive compounds, and they

are responsible for the color of fruits or flowers and their aroma. Polyphenols are the most abundant antioxidants in the

diet . Their intake is 10 times higher than that of vitamin C and 20 times higher than vitamin E or carotenoids. Through

their antioxidant, anti-inflammatory, anti-carcinogenic, and antimutagenic action, they find use in various nutritional,

pharmaceutical, medicinal, and cosmetic applications . A large variety of flavonoids was identified and grouped based

on chemical structure and degree of oxidation .

The amount and composition of polyphenols in plants is different depending on the species, age, portion of the plant,

method of cultivation, storage, and geographical distribution . Flavonoids play various roles in the biological activities of

plants, animals and bacteria. Environmental factors like soil type, exposure to solar light, rainfall, and the number of fruits

growing in a tree directly influence the concentration of polyphenols in plants .
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A quick review of the Web of Science Database using the keywords ″flavonoids AND cardiovascular disease″ retrieves

139 papers for 2020, from which we selected the ones reporting plant names/flavonoid names in the title. We have

reviewed these papers and synthesized them into the table below (Table 1), in order to show the recent trends in flavonoid

research.

Table 1. Selection of recently published papers discussing the relationship flavonoids–cardiovascular disease.

Plant Flavonoids
Action on the
Cardiovascular System

Targeted Conditions  

Polygonum minus
(Persicaria minor)

Myricetin, quercetin, methyl-

flavonol

Antioxidant, anti-

inflammatory

Atherosclerosis,

hypertension, ischemic

heart disease

 

Lentil (Lens culinaris
Medik.)

Quercetin, kaempferol Anticoagulant, anti-platelet

Cardiovascular diseases

associated with

hyperactivation of

platelets

 

Ajuga Iva (L.)
Naringein, apigenin-7-O-

neohesperidoside

Antioxidant, anti-

inflammatory anti-

hypercholesterolemia

Atherosclerosis  

Cymbopogon citratus
(DC) Sapf.

Tannins, luteolin, apigenin
Vasorelaxation, antioxidant,

anti-inflammatory
Hypertension  

Anchusa italica Retz.
Rutin, hesperidin, quercetin,

kaempferol, naringenin

Anti-inflammatory,

antioxidant, anticoagulant

Ischemic heart disease,

myocardial infarction
 

Heliotropium taltalense
(Phil.)

Naringenin, pinocembrin,

quercetin

Anti-inflammatory,

antioxidant, vasorelaxation
Hypertension  

Equisetum Arvense L.
(Horsetail)

Resveratrol, apigenin,

quercetin

Antioxidant, anti-

inflammatory,

Hypertension, ischemic

cardiac disease
 

Trichosanthes kirilowii Luteolin
Hypolipidemic, antioxidant,

anti-atherosclerotic

Ischemic cardiac

disease, hyperlipidemia,

hypertension

 

Thai Perilla frutescens
Cyanidins, luteolin, phenolic

acids

Anti-inflammatory,

antioxidant

Ischemic heart disease,

hypertension
 

Abelmoschus
esculentus

Quercetin
Anti-inflammatory,

antioxidant, hypolipidemic,

Atherosclerosis, stroke,

hypertension
 

Dracocephalum
moldavica L.

Tallianine, luteolin, apigenin,

diosmetin
Antioxidant Ischemic heart disease  

Moringa oleifera Lam.
Catechin, epicatechin,

kaempferol, quercetin

Antioxidant, anti-

inflammatory

Hypertension, ischemic

cardiac disease
 



Ephedra herb
Epiafzelechin (flavanol),

quercetin, gallocatechin,

apigenin, luteolin

Diuretic, anti-inflammatory,

hypotensive, antioxidant
Hypertension  

Corchorus olitorius
Leaf and Corchorus
capsularis

Luteolin
Antioxidant, hypotensive,

diuretic

Hypertension, ischemic

cardiac disease
 

The phenols bioavailability depends on numerous parameters such as the source from which they are administered,

whether they are pharmaceutical or nutritional products, digestion, the degree of functionality of the intestinal microflora,

absorption, and metabolism . Most polyphenols are present in the form of glycosides. In order to be absorbed,

glycosides must be subjected to the action of intestinal hydrolases, as they are hydrophilic and cannot be absorbed by

passive diffusion. In contrast, aglycone is absorbed much more easily by passive transport as they are highly hydrophobic

. After being modified by different pathways, the rapidly absorbed flavonoids move past enterocytes and reach the liver,

where they will be subjected to other metabolic processes, such as glucuronidation, methylation etc.  From the liver,

part of the metabolites will be distributed in the blood and the other part will be secreted into the bile to participate in the

enterohepatic circuit .

Certain polyphenols such as soy isoflavone are well absorbed through the intestinal membrane, while others, such as

proanthocyanidin found in wine and cocoa or thearubigin, the main polyphenol in black tea, are poorly absorbed .

In recent years, flavonoids have received a great deal of attention from specialists for the variety of potential benefits they

offer. It is a complex and long-term study due to the heterogeneity of molecular structures, but numerous studies have

suggested that dietary polyphenols may be beneficial as adjunctive treatment for the prevention and treatment of chronic

inflammatory diseases . Even though nowadays there are many plants known to possess a high concentration of

flavonoids, maybe the best known are the vegetables and fruits extensively used as daily food. The table below presents

a series of beneficial effects and composition of foods rich in flavonoids (Table 2) .

Table 2. Composition and beneficial effects of certain foods rich in flavonoids .

Food Bioactive Compounds
Beneficial Effects on Preventing
Cardiovascular Diseases

Primary Effects

Tomatoes
Phenols: phenolic acid,

flavonoids, carotenoids

Improve metabolic profile (lipid,

carbohydrate metabolism), increase

bioavailability of nitric oxide and vascular

pressure

Antioxidant, anti-inflammatory,

antiplatelet, anti-atherosclerosis,

anti-hypertensive, antiapoptotic

Garlic Allicin

Lowers LDL-cholesterol levels, blood

pressure, inflammatory response,

oxidative stress

Antioxidant, anti-inflammatory,

anti-carcinogenic, antibacterial,

antiviral, antifungal,

antimicrobial

Edible wild

fruits

Polyphenols:

procyanidin, quercetin,

phenolic acid,

anthocyanin,

carotenoids

Lower LDL-C levels, blood pressure,

body mass index, glycosylated

hemoglobin and hemoglobin levels,

decrease inflammatory response and

oxidative stress, improve endothelial

function

Antioxidant, Anti-inflammatory,

anti-obesity, anti-diabetic
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Apples

Lutein, carotenoids,

Antioxidant: phlorizin,

quercetin, catechin,

procyanidin, epicatechin

Improve lipid profile, lower blood

pressure, pro-inflammatory cytokines,

lipid oxidation,

oxidative stress, blood glucose, increase

nitric oxide

Antioxidant,

antifungal, antioxidant,

antifungal, anti-proliferative

 

Broccoli

Lutein, zeaxanthin, B-

carotene,

flavonoids

Improves lipid and carbohydrate profile,

reduces pro-inflammatory cytokines and

markers of oxidative stress

Antioxidant, anti-inflammatory,

anti-carcinogenic

Cocoa

Phytochemicals:

methylxanthine,

proantho-cyanidin,

theobromine

 

Improves insulin sensitivity, lipid profile,

reduces blood pressure, inflammatory

response

and oxidative stress, improves

endothelial function

Antioxidant, anti-inflammatory,

hypoglycemic,

antiplatelet,

anti-hypertensive

 

Grapes

Polyphenols:

resveratrol, carotenoids,

flavonoids

Improve lipid profile and carbohydrate

metabolism, reduce pro-inflammatory

cytokines and oxidative stress, increase

nitric oxide

Antioxidant,

anti-inflammatory,

antihypertensive, anti-diabetic

Olives

Phenolic compounds,

hydroxy-tyrosol,

oleuropein, polyphenols,

flavonoids, theanine,

quercetin

Improve lipid profile, lower blood

pressure, body mass index, inflammatory

response and oxidative stress

Antioxidant,

anti-inflammatory,

anti-hypertensive,

anti-obesity

 

 

2. Classification of Flavonoids

Natural polyphenolic compound flavonoids are classified into six main subgroups, namely: flavones, flavanones, flavan-3-

ols, flavanols, anthocyanidins, and isoflavones .

2.1. Flavones

Flavones are found in foods such as celery, garlic and chamomile tea, being rich in luteolin . Among the beneficial

effects of luteolin, observed in various studies, are the ability to lower blood pressure in hypertensive rats, improve

vasodilation in aortic rings, increase the accumulation of cAMP by inhibiting cAMP-specific phosphodiesterase . By

activating the cAMP/PKA cascade, nitric oxide levels increase in endothelial cells by activating endothelial nitric oxide

synthase. This induces vascular relaxation through nitric oxide, a mechanism regulated by calcium and potassium

channels .

2.2. Flavonols

Flavonols are found in onions, broccoli, tea and fruit, and are represented by glycosides, namely quercetin and

kaempferol .

2.2.1. Quercetin
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Quercetin exerts its antihypertensive effect by the ability to improve endothelial function, to modulate the renin-

angiotensin-aldosterone system (by modulating the mechanism of contraction of smooth muscles in blood vessels) ,

produces vasodilation at renal level that is protein kinase C-dependent, and lowers blood pressure in patients with

diabetes or metabolic syndrome . Quercetin also decreases oxidative stress in the heart and kidneys .

2.2.2. Kaempferol

Kaempferol, a compound of foods such as broccoli, green tea, strawberries, and beans , has antihypertensive

properties, effects manifested by the action of endothelial nitric oxide . Besides the antihypertensive effect, kaempferol

has the ability to reduce albuminuria and proteinuria, being considered a potential candidate in the improvement of these

two situations .

2.3. Flavan-3-ols

Flavan-3-ols include monomers such as catechin, gallocatechin, epicatechin, and oligomers (proanthocyanidin) .

Catechin monomers are found in the form of aglycones (part of a glycoside without carbohydrate content) in apples,

pears, cocoa, tea, and grape-based products. It has been shown that catechins have beneficial effects on vascular

function and have a cardioprotective effect. Moreover, studies have shown that they have the ability to reduce both

systolic and diastolic blood pressure .

2.3.1. Epicatechin

Epicatechin presents antihypertensive action. Eating epicatechin-rich chocolate helps decrease systolic blood pressure by

4.2 mmHg and diastolic blood pressure by 2.1 mmHg. It has recently been shown to reduce myocardial rigidity in rats with

hypertrophic cardiomyopathy .

2.3.2. Epigallocatechin-3-gallate

Epigallocatechin-3-gallate abundant in green tea, has anti-inflammatory, antioxidant, and anti-atherogenic action .

References

1. Maaliki, D.; Shaito, A.; Pintus, G.; El-Yazbi, A.F.; Eid, A. Flavonoids in hypertension: A brief review of the underlying
mechanisms. Curr. Opin. Pharmacol. 2019, 45, 57–65, doi:10.1016/j.coph.2019.04.014.

2. Ball, M. Cardiovascular disease. Food Nutr. 2020, 576–589, doi:10.4324/9781003115663-37.

3. Curry, S.J.; Krist, A.H.; Owens, U.K.; Barry, M.J.; Caughey, A.B.; Davidson, K.W.; Doubeni, C.A.; Epling, J.W.; Kemper,
A.R.; Kubik, M.; et al. Risk assessment for cardiovascular disease with nontraditional risk factors: us preventive
services task force recommendation statement. JAMA 2018, 320, 272–280, doi:10.1001/jama.2018.8359.

4. Kumar, S.; Pandey, A. Chemistry and biological activities of flavonoids: An overview. Sci. World J. 2013, 2013, 1–16,
doi:10.1155/2013/162750.

5. Mahomoodally, M.F.; Gurib-Fakim, A.; Subratty, A.H. Antimicrobial activities and phytochemical profiles of endemic
medicinal plants of mauritius. Pharm. Boil. 2005, 43, 237–242, doi:10.1080/13880200590928825.

6. Heim, K.E.; Tagliaferro, A.R.; Bobilya, D.J. Flavonoid antioxidants: Chemistry, metabolism and structure-activity
relationships. J. Nutr. Biochem. 2002, 13, 572–584, doi:10.1016/s0955-2863(02)00208-5.

7. Kumar, S.; Mishra, A.; Pandey, A. Antioxidant mediated protective effect of Parthenium hysterophorus against oxidative
damage using in vitro models. BMC Complement. Altern. Med. 2013, 13, 120, doi:10.1186/1472-6882-13-120.

8. Middleton, E. Effect of plant flavonoids on immune and inflammatory cell function. Adv. Exp. Med. Biol. 1998, 439, 175–
182, doi:10.1007/978-1-4615-5335-9_13.

9. Cook, N.C.; Samman, S. Flavonoids—Chemistry, metabolism, cardioprotective effects, and dietary sources. J. Nutr.
Biochem. 1996, 7, 66–76.

10. Rees, A.; Dodd, G.F.; Spencer, J.P. The effects of flavonoids on cardiovascular health: A review of human intervention
trials and implications for cerebrovascular function. Nutrients 2018, 10, 1852, doi:10.3390/nu10121852.

11. Koes, R.; Verweij, W.; Quattrocchio, F.M. Flavonoids: A colorful model for the regulation and evolution of biochemical
pathways. Trends Plant Sci. 2005, 10, 236–242, doi:10.1016/j.tplants.2005.03.002.

12. Yao, L.H.; Jiang, Y.; Shi, J.; Datta, N.; Singanusong, R.; Chen, S.S. Flavonoids in food and their health benefits. Plant
Foods Hum. Nutr. 2004, 59, 113–122, doi:10.1007/s11130-004-0049-7.

[33]

[34][35] [36]

[30]

[37]

[38]

[30]

[39][40]

[41]

[42]



13. Arts, I.C.W.; Van De Putte, B.; Hollman, P.C.H. Catechin contents of foods commonly consumed in The Netherlands. 1.
Fruits, vegetables, staple foods, and processed foods. J. Agric. Food Chem. 2000, 48, 1746–1751,
doi:10.1021/jf000025h.

14. Faggio, C.; Sureda, A.; Morabito, S.; Silva, A.S.; Mocan, A.; Nabavi, S.F.; Nabavi, S.M. Flavonoids and platelet
aggregation: A brief review. Eur. J. Pharmacol. 2017, 807, 91–101, doi:10.1016/j.ejphar.2017.04.009.

15. Costa, D.C.; Costa, H.S.; Albuquerque, T.G.; Ramos, F.; Castilho, M.; Silva, A.S. Advances in phenolic compounds
analysis of aromatic plants and their potential applications. Trends Food Sci. Technol. 2015, 45, 336–354,
doi:10.1016/j.tifs.2015.06.009.

16. Erlund, I. Review of the flavonoids quercetin, hesperetin, and naringenin. Dietary sources, bioactivities, bioavailability,
and epidemiology. Nutr. Res. 2004, 24, 851–874, doi:10.1016/j.nutres.2004.07.005.

17. Chuankayan, P.; Rimlumduan, T.; Svasti, J.; Ketudat Cairns, J. R. Hydrolysis of soybean isoflavonoid glycosides by
dalbergia β-glucosidases. J. Agric. Food Chem. 2007, 55, 2407–2412.

18. Mozzafarian, D.; Wu, J.H.Y. Flavonoids, dairy foods, and cardiovascular. Circ. Res. 2018, 122, 369–384.

19. Day, A.J.; Cañada, F.J.; Dıáz, J.C.; Kroon, P.; Mclauchlan, R.; Faulds, C.B.; Plumb, G.W.; Morgan, M.R.; Williamson, G.
Dietary flavonoid and isoflavone glycosides are hydrolysed by the lactase site of lactase phlorizin hydrolase. Febs Lett.
2000, 468, 166–170, doi:10.1016/s0014-5793(00)01211-4.

20. Simons, A.L.; Renouf, M.; Hendrich, S.; Murphy, P.A. Metabolism of glycitein (7,4‘-Dihydroxy-6-methoxy-isoflavone) by
human gut microflora. J. Agric. Food Chem. 2005, 53, 8519–8525, doi:10.1021/jf051546d.

21. Wu, B.; Kulkarni, K.; Basu, S.; Zhang, S.; Hu, M. First-pass metabolism via UDP-Glucuronosyltransferase: A barrier to
oral bioavailability of phenolics. J. Pharm. Sci. 2011, 100, 3655–3681, doi:10.1002/jps.22568.

22. Quiñones, M.; Miguel, M.; Aleixandre, A. Beneficial effects of polyphenols on cardiovascular disease. Pharmacol. Res.
2013, 68, 125–131, doi:10.1016/j.phrs.2012.10.018.

23. Lapuente, M.; Estruch, R.; Shahbaz, M.; Casas, R. Relation of fruits and vegetables with major cardiometabolic risk
factors, markers of oxidation, and inflammation. Nutrients 2019, 11, 2381, doi:10.3390/nu11102381.

24. Krga, I.; Milenkovic, D. Anthocyanins: From sources and bioavailability to cardiovascular-health benefits and molecular
mechanisms of action. J. Agric. Food Chem. 2019, 67, 1771–1783, doi:10.1021/acs.jafc.8b06737.

25. Pannu, N.; Bhatnagar, A. Resveratrol: From enhanced biosynthesis and bioavailability to multitargeting chronic
diseases. Biomed. Pharmacol. 2019, 109, 2237–2251, doi:10.1016/j.biopha.2018.11.075.

26. Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.;
Tonstad, S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality—A
systematic review and dose-response meta-analysis of prospective studies. Int. J. Epidemiol. 2017, 46, 1029–1056,
doi:10.1093/ije/dyw319.

27. Zhang, Y.-J.; Gan, R.-Y.; Li, S.; Zhou, Y.; Li, A.-N.; Xu, D.-P.; Li, H.-B. Antioxidant phytochemicals for the prevention and
treatment of chronic diseases. Molecules 2015, 20, 21138–21156, doi:10.3390/molecules201219753.

28. Nishiumi, S. Miyamoto, S.; Kawabata, K.; Ohnishi, K.; Mukai, R.; Murakami, A.; Ashida, H.; Terao, J. Dietary flavonoids
as cancer-preventive and therapeutic biofactors. Front. Biosci. 2011, 3, 1332–62, doi:10.2741/229.

29. Peluso, M.R. Flavonoids attenuate cardiovascular disease, inhibit phosphodiesterase, and modulate lipid homeostasis
in adipose tissue and liver. Exp. Boil. Med. 2006, 231, 1287–1299, doi:10.1177/153537020623100802.

30. Clark, J.L.; Zahradka, P.; Taylor, C.G. Efficacy of flavonoids in the management of high blood pressure. Nutr. Rev.
2015, 73, 799–822, doi:10.1093/nutrit/nuv048.

31. Su, J.; Xu, H.-T.; Yu, J.-J.; Gao, J.-L.; Lei, J.; Yin, Q.-S.; Li, B.; Pang, M.-X.; Su, M.-X.; Mi, W.-J.; et al. Luteolin
ameliorates hypertensive vascular remodeling through inhibiting the proliferation and migration of vascular smooth
muscle cells. Evid. Based Complement. Altern. Med. 2015, 2015, 1–14, doi:10.1155/2015/364876.

32. Liu, D.; Homan, L.L.; Dillon, J.S. Genistein acutely stimulates nitric oxide synthesis in vascular endothelial cells by a
cyclic adenosine 5′-monophosphate-dependent mechanism. Endocrinology 2004, 145, 5532–5539.

33. Larson, A.J.; Symons, J.D.; Jalili, T. Therapeutic potential of quercetin to decrease blood pressure: Review of efficacy
and mechanisms12. Adv. Nutr. 2012, 3, 39–46, doi:10.3945/an.111.001271.

34. Rivera, L.; Morón, R.; Sanchez, M.; Zarzuelo, A.; Galisteo, M. Quercetin ameliorates metabolic syndrome and improves
the inflammatory status in obese Zucker rats. Obesity 2008, 16, 2081–2087, doi:10.1038/oby.2008.315.

35. Olaleye, M.; Crown, O.; Akinmoladun, A.; Akindahunsi, A.A.; Akinmoladun, A.C. Rutin and quercetin show greater
efficacy than nifedipin in ameliorating hemodynamic, redox, and metabolite imbalances in sodium chloride-induced
hypertensive rats. Hum. Exp. Toxicol. 2013, 33, 602–608, doi:10.1177/0960327113504790.



36. Oyagbemi, A.A.; Omobowale, T.O.; Ola-Davies, O.E.; Asenuga, E.R.; Ajibade, T.O.; Adejumobi, O.A.; Arojojoye, O.A.;
Afolabi, J.M.; Ogunpolu, B.S.; Falayi, O.O. Quercetin attenuates hypertension induced by sodium fluoride via reduction
in oxidative stress and modulation of HSP 70/ERK/PPARγ signaling pathways. BioFactors 2018, 44, 465–479.

37. Leeya, Y.; Mulvany, M.J.; Queiroz, E.F.; Marston, A.; Hostettmann, K.; Jansakul, C. Hypotensive activity of an n-butanol
extract and their purified compounds from leaves of Phyllanthus acidus (L.) Skeels in rats. Eur. J. Pharmacol. 2010,
649, 301–313, doi:10.1016/j.ejphar.2010.09.038.

38. Thamcharoen, N.; Susantitaphong, P.; Wongrakpanich, S.; Chongsathidkiet, P.; Tantrachoti, P.; Pitukweerakul, S.;
Avihingsanon, Y.; Praditpornsilpa, K.; Jaber, B.L.; Eiam-Ong, S. Effect of N- and T-type calcium channel blocker on
proteinuria, blood pressure and kidney function in hypertensive patients: A meta-analysis. Hypertens. Res. 2015, 38,
847–855, doi:10.1038/hr.2015.69.

39. Igarashi, K.; Honma, K.; Yoshinari, O.; Nanjo, F.; Hara, Y. Effects of dietary catechins on glucose tolerance, blood
pressure and oxidative status in Goto-Kakizaki rats. J. Nutr. Sci. Vitaminol. 2007, 53, 496–500,
doi:10.3177/jnsv.53.496.

40. Ried, K.; Fakler, P.; Stocks, N.P. Effect of cocoa on blood pressure. Cochrane Database Syst. Rev. 2017, 4, 88–93,
doi:10.1002/14651858.cd008893.pub3.

41. Ellinger, S.; Reusch, A.; Stehle, P.; Helfrich, H.-P. Epicatechin ingested via cocoa products reduces blood pressure in
humans: A nonlinear regression model with a Bayesian approach. Am. J. Clin. Nutr. 2012, 95, 1365–1377,
doi:10.3945/ajcn.111.029330.

42. Da Silva, N.D.; Fernandes, T.; Soci, U.P.R.; Monteiro, A.W.A.; Phillips, M.I.; Oliveira, E.M. Swimming training in rats
increases cardiac microRNA-126 expression and angiogenesis. Med. Sci. Sports Exerc. 2012, 44, 1453–1462,
doi:10.1249/mss.0b013e31824e8a36.

Retrieved from https://encyclopedia.pub/entry/history/show/5897


