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Abstract
Polyphenols are nutrients that are classified as 
phytochemicals because they are found exclusively in 
foods of plant origin. They are divided into flavonoids 
(flavonols, flavanones, isoflavones, anthocyanins, 
flavan-3-ols, and flavones) and nonflavonoids (phenolic 
acids, hydrocinnamates, ellagitannins and ellagic acid, 
stilbenes, lignans, dihydrochalcones, and coumarins). 
Research shows that polyphenols have multiple positive 
health effects.

This paper aims to systematize recent scientific results 
on the effects of polyphenols on health.

A search of the scientific literature of the last 20 years in 
the English language on the health effects of polyphenols 
was performed in the “PubMed“ database using the 
keywords: “polyphenols“; “microbiota“; “diabetes mellitus“; 
“cardiovascular diseases“; “cognitive functions“; “viral 
diseases“; “cancer“; “mental health“ and “dyslipidemias“.

There is a mutual positive influence of polyphenols and 
microbiota. Polyphenols affect the composition of the 
microbiota, especially the growth of beneficial microbiotic 
strains. In epidemiological studies, polyphenols have 
shown a protective effect concerning DM type 2 by 
lowering blood glucose and glycosylated hemoglobin, 
reducing insulinemia and increasing insulin sensitivity, 
reducing inflammation and oxidative stress in cells. By 
reducing arterial stiffness, oxidative stress, inflammation, 
and endothelial dysfunction, and regulating the 
production of nitrogen monoxide and cytokines, they 
reduce the risk of hypertension, myocardial infarction, 
and cerebral insult. Polyphenols have a positive effect on 
cognitive functions and executive functioning and reduce 
the risk of Parkinson’s disease. Their antiviral effect is 

 
based on the inhibition of the enzyme helicase, which 
is necessary for viral replication and recombination, 
reduction of oxidative stress, virucidal effect, 
interaction with the structural proteins of the virus, 
and interference with the fusion of the virus with 
the cell membrane, reduction of inflammation and 
increase of immunity and reduction of dysbiosis in 
the intestines and lungs. The protective effect of 
polyphenols concerning cancer is based on induced 
apoptosis, inhibition of the matrix-metalloproteinase 
enzyme that enables metastases, inhibition of 
tumor growth, and inhibition of angiogenesis. In 
terms of mental health, polyphenols reduce the 
risk of depression and ADHD (Attention Deficit 
Hyperactivity Disorder) and have a beneficial effect 
on the reduction of tardive dyskinesia in patients with 
schizophrenia. They also have a positive effect on 
dyslipidemia, by reducing the level of LDL cholesterol 
and increasing the level of HDL cholesterol.

Polyphenols are phytochemicals with multiple 
positive health effects. They work synergistically 
with the gut microbiota. Epidemiological studies 
have shown that polyphenols reduce the risk of 
diabetes mellitus type 2, hypertension, myocardial 
infarction, cerebral insult, viral diseases, Parkinson's 
disease, cognitive disorders, cancer, depression, and 
dyslipidemia. Nutritional support or supplementation 
with polyphenols can be recommended in the 
primary and secondary prevention of the mentioned 
diseases.
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Introduction
Under the term polyphenols, we refer to nutrients that 

are classified as phytochemicals. Plant-based foods are the 
exclusive nutritional source of polyphenols. Their specific 
characteristic is that a relative deficiency in the body is not 
tied to specific symptoms. Therefore, there are no establis-
hed values for recommended daily intake of polyphenols as 
is the case with vitamins and minerals.
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Each polyphenol has at least one aromatic ring and one 
or more attached hydroxyl functional groups1.

Polyphenols are classified into five groups: flavonoids, 
phenolic acids, lignans, stilbenes, and other polyphenols. 
In a narrower classification, polyphenols are categorized 
as flavonoid (flavonoids) and non-flavonoid (the other four 
groups)2.

Flavonoid polyphenols are divided into flavonols (the 
main nutritional source is onion), flavanones (citrus fruits), 
isoflavones (soy), anthocyanins (blueberries), flavan-3-ols 
(black tea), and flavones (celery), as detailed in Table 13.

Table 1.  Classification of Flavonoid Polyphenols (Flavonoids)

Subgroup of 
Flavonoids Representatives Best Nutritional Sources

Flavonols Quercetin 
Myricetin

Onion, black tea, 
green tea, almonds

Flavanones Hesperidin 
Eriodictyol Citrus fruits, tomato

Isoflavones Daidzein 
Genistein Soy, tofu, legumes

Anthocyanins Cyanidin Blueberries, blackberries, 
raspberries, red wine

Flavan-3-ols Catechin 
Epicatechin gallate

Black tea, green tea, dark 
chocolate, hazelnuts, 

almonds

Flavones Luteolin 
Apigenin

Celery, 
vegetable oils, cereals

Non-flavonoid polyphenols include phenolic acids (the 
main nutritional source is pomegranate), hydroxycinna-
mates (coffee), ellagitannins and ellagic acid (tropical fru-
its), stilbenes (red wine), lignans (seeds), dihydrochalcones 
(apples), and coumarins (cinnamon), as shown in Table 24.

Source:  Fraga CG, Croft KD, Kennedy DO, Tomás-Barberán FA The effects of polyphenols 
and other bioactives on human health. Food Funct. 2019;10(2):514-28.

Table 2.  Classification of Non-flavonoid Polyphenols

Non-flavonoid 
polyphenols Representatives Nutritional sources

Phenolic acids Benzoic acid Pomegranate, cereals, 
black tea

Hydroxycinna-
mates

Hydroxycinnamic 
acid, caffeic acid

Coffee, red wine, red fruits, 
vegetables, whole grains

Ellagitanins and 
ellagic acid

Punicalagin, 
castalagin Tropical fruit, berries, nuts

Stilbenes Resveratrol Red wine, grapes

Lignans Secoisolariciresinol Seeds, cereals

Dihydrochal-
cones Floretin Apples

Coumarins Coumarin Cinnamon

Source: Corcoran MP, McKay DL, Blumberg JB. Flavonoid basics: chemistry, sources, 
mechanisms of action, and safety, J. Nutr. Gerontol. Geriatr., 2012, 31, 176-19.

This study aimes is to systematize the results of recent 
scientific research on the effects of polyphenols on human 
health.

A search of scientific literature published in the period 
2002-2022 in the English language on the health effects of 
polyphenols was conducted using the “PubMed“ database. 
The search keywords included: “polyphenols“; “microbiota“; 
“diabetes mellitus“; “cardiovascular diseases“; “cognitive 
functions“; “viral diseases“; “cancer“; “mental health“; and 
“dyslipidemias“.

Microbiota and Polyphenols
After enzymatic deconjugation, polyphenols are absor-

bed to a lesser extent in the small intestine and to a grea-
ter extent in the colon. Preserved microbiota is crucial for 
the unimpeded absorption of polyphenols. The microbiota 
plays a role in further breaking down deconjugated polyp-
henols into phenolic acids, which are absorbed from the in-
testines in that form5.

There is a mutual positive influence between polyphe-
nols and the microbiota. Polyphenols affect the composi-
tion of the microbiota, particularly promoting the growth 
of beneficial microbial strains such as Bifidobacterium, La-
ctobacillus, Akkermansia muciniphila, and Faecalibacterium 
prausnitzii6. If the diet is rich in blueberries, which are abu-
ndant in anthocyanins, there is an increase in the strains of 
Lactobacillus acidophilus and Bifidobacterium in the intesti-
nes7. On the other hand, for instance, to manifest a positive 
effect of isoflavones on the cardiovascular system, daidzein 
must be converted into equol in the colon under the influen-
ce of the microbiota. Therefore, the positive health effect 
of isoflavones is possible only if the microbiota composition 
includes bacteria that produce equol8. In synergy with the 
gut microbiota, polyphenols from green and black tea can 
slow down the growth of pathogenic microorganisms and 
influenza viruses, Hepatitis C virus, and HIV9.

Polyphenols and Diabetes Mellitus Type 2 
Polyphenols stimulate insulin secretion, promote be-

ta-cell proliferation in the islets of Langerhans in the endo-
crine pancreas, and reduce insulin resistance, inflammation, 
and oxidative stress in cells. Epidemiological studies have 
demonstrated the protective effect of polyphenols on type 
2 diabetes mellitus by lowering fasting blood glucose and 
glycosylated hemoglobin, reducing insulinemia, and increa-
sing insulin sensitivity, especially anthocyanins, resveratrol, 
gallic acid, and flavanones10, 11.

Floretin from apples is an inhibitor of the sodium-glu-
cose cotransporter in the intestines (SGLT-1) and in the 
kidneys (SGLT-2), thereby reducing hyperglycemia12. In in-
dividuals with type 2 diabetes mellitus, polyphenols have a 
beneficial effect on regulating endothelial function, glucose 
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metabolism, oxidative stress biomarkers, coagulation, cho-
lesterol metabolism, and there are other indirect effects 
mediated through the gut microbiota. Polyphenols from 
coffee, tea, apples, and cocoa exhibit favorable effects in al-
leviating type 2 diabetes mellitus symptoms13. An increased 
intake of flavan-3-ols from legumes, chocolate, red wine, 
nuts, and tea also contributes to reducing the risk of deve-
loping type 2 diabetes mellitus14. Meta-analysis has demon-
strated that regular consumption of dark chocolate rich in 
flavan-3-ols reduces the risk of developing type 2 diabetes 
mellitus by 31%15. Another meta-analysis has established 
that increased intake of anthocyanins from berries leads to 
a significant reduction in fasting blood glucose, postpran-
dial glucose, and glycosylated hemoglobin16. Resveratrol 
has a favorable effect on glycemic control by increasing in-
sulin sensitivity17. If polyphenol-rich fruit is consumed alon-
gside fast food or bakery products, it reduces inflammation, 
postprandial glucose, and insulin levels18, 19.

Polyphenols and Cardiovascular Diseases
A negative correlation has been found between the in-

take of polyphenols from olive oil, nuts, and red wine in the 
Mediterranean diet and cardiovascular events and overall 
mortality20. Flavan-3-ols from chocolate have a favorable im-
pact on reducing the risk of myocardial infarction, hyperten-
sion, and hypercholesterolemia21. Regular consumption of 
chocolate rich in flavan-3-ols also exhibits a positive effect 
on reducing arterial stiffness, thereby reducing the risk of 
hypertension22. A meta-analysis has shown that individu-
als who consume higher amounts of dark chocolate with 
flavan-3-ols have a 37% lower risk of cardiovascular disea-
ses and a 29% lower risk of stroke compared to those who 
do not consume these foods15. Another meta-analysis has 
demonstrated that increased intake of anthocyanins from 
berries and red wine significantly reduces LDL cholesterol 
levels and systolic blood pressure16. Resveratrol from red 
wine has anti-inflammatory and antioxidant effects based 
on the regulation of nitric oxide and cytokine production23. 
Another positive effect of resveratrol is the slowing of aging 
through the activation of yeast sirtuins24. In addition to con-
suming resveratrol-rich foods, supplementation with resve-
ratrol also has a positive effect on the cardiovascular system 
by reducing total cholesterol, C-reactive protein, as well as 
systolic and diastolic blood pressure25. Quercetin has a fa-
vorable effect on endothelial function by regulating vasoa-
ctive nitric oxide and endothelin-126. Supplementation with 
quercetin at a dose of ≥ 500 mg per day leads to a significant 
reduction in systolic and diastolic blood pressure, as well as 
LDL cholesterol27, 28. A meta-analysis of randomized contro-
lled trials has shown that resveratrol significantly reduces 
blood levels of C-reactive protein (37%), making it a recom-
mended nutritional support for the treatment of cardiovas-
cular disease patients due to its anti-inflammatory effect29. 
Resveratrol exerts a favorable effect on endothelial function 
by increasing flow-mediated arterial dilation and reducing 

intracellular adhesion molecule, which can be utilized in 
supplementation for individuals with cardiovascular disea-
ses30. A meta-analysis of 10 observational studies has de-
monstrated a dose-dependent favorable effect of green tea 
consumption on reducing the risk of intracerebral hemorr-
hage, with a 6% decrease for each cup of tea (120 mL)31. 

Polyphenols and Cognitive and 
Neurological Functions

A meta-analysis has shown that regular consumption of 
green tea, but not black tea, reduces the risk of cognitive 
disorders by 27%. There is also a dose-dependent effect, 
where the risk of cognitive disorders decreases by 6% with 
a daily intake of 100 mL of tea, by 19% with an intake of 300 
mL, and by 29% with a consumption of 500 mL of tea per 
day32. If one cup of black or green tea is consumed daily, 
the risk of Parkinson's disease is reduced by 17%, without 
indications of a dose-dependent risk reduction with an in-
crease in the number of consumed cups of tea per day33. It 
has been shown that supplementation with approximately 
500 mg of flavan-3-ols per day leads to improvements in 
cognitive functions such as attention and executive functi-
oning34. Flavan-3-ols increase levels of serum Brain-Derived 
Neurotrophic Factor (BDNF), which is important for the di-
fferentiation of new neurons and synapses in the brain and 
improved cognitive functions35. A meta-analysis encompa-
ssing 80 studies has demonstrated that the greatest effects 
on cognitive functions such as long-term memory, mental 
processing speed, and mood are attributed to polyphenols 
from cocoa, Ginkgo biloba, and blueberries36.

Antiviral Effects of Polyphenols
The antiviral effects of polyphenols are based on mul-

tiple mechanisms, including inhibition of helicase enzymes 
(essential for viral replication and recombination), redu-
ction of oxidative stress, virucidal effects, interaction with 
viral structural proteins, and disruption of virus-cell mem-
brane fusion, reduction of inflammation, enhancement of 
immunity, and mitigation of dysbiosis in the gut and lungs 
through prebiotic roles37. Polyphenols from green tea (epi-
gallocatechin gallate) and black tea (theaflavins) inhibit the 
RNA-dependent RNA polymerase, which is crucial for the re-
plication and transcription of SARS-CoV-2. They also exhibit 
inhibitory effects on the structural proteins of SARS-CoV-2, 
ACE-2 receptors, and the receptor-binding domain on the 
spike protein38. Therefore, tea can be recommended as nu-
tritional support for COVID-19 prevention and treatment. In 
addition to its effect on SARS-CoV-2, epigallocatechin also 
has inhibitory effects on hepatitis, Zika, Dengue, Ebola, in-
fluenza, rotavirus, and norovirus. Theaflavins exhibit inhibi-
tory effects on HIV, rotavirus, influenza virus, and calicivi-
rus39. Propolis contains polyphenols, including flavonoids, 
and exhibits an inhibitory effect on Herpes simplex virus type 
1 and type 2 by preventing their penetration into cells40. 
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Anthocyanins from berries exert an inhibitory effect on the 
influenza virus by preventing replication within cells41. Simi-
larly, resveratrol from berries acts by blocking the kinase C 
enzyme necessary for virus replication42. On the Zika virus, 
resveratrol from berries and red wine acts by inhibiting the 
virus from binding to the cell and its replication within the 
cell43. The inhibitory effect on the dengue virus is based on 
preventing its replication within the cell44. Resveratrol pre-
vents the respiratory syncytial virus from binding to recep-
tors on respiratory tract cells45. It also inhibits the intracellu-
lar replication of hepatitis C virus46. The inhibitory effect of 
resveratrol on HIV-1 is manifested through the obstruction 
of reverse transcription in CD4 T cells47. For the Varicella-zo-
ster virus, it inhibits intracellular replication48. 

Polyphenols and Cancer
The anti-tumor effect of polyphenols is based on indu-

ced apoptosis, inhibition of matrix metalloproteinase enzy-
mes that enable metastasis, inhibition of tumor growth, and 
inhibition of angiogenesis49. An anamnestic study condu-
cted in Canada has shown that polyphenols have a protecti-
ve effect against lung cancer. When comparing individuals 
in the highest and lowest quartiles of total flavonoid intake 
from food, those with a high flavonoid intake had a 37% 
lower risk of developing squamous cell lung cancer, while 
no association with flavonoid intake was observed for ade-
nocarcinoma50. In terms of colorectal cancer, epidemiologi-
cal studies have demonstrated a protective effect of dietary 
intake of total flavonoids and lignans. When comparing the 
upper and lower quartiles based on polyphenol intake from 
food, it has been shown that high intake of total flavonoids 
and lignans reduces the risk of colorectal cancer by as much 
as 41%51. A meta-analysis based on 40 epidemiological stu-
dies has demonstrated that a high dietary intake of isofla-
vones from soy reduces the risk of gastrointestinal cancers 
by 27%52. A meta-analysis based on 12 epidemiological stu-
dies has shown that the risk of breast cancer is reduced by 
12% with a high intake of flavonols and by 17% with high 
intake of flavones. However, no protective effect was found 
for flavan-3-ols, flavanones, anthocyanins, or total flavono-
ids53. Polyphenols exhibit a protective effect against estro-
gen receptor-negative breast cancer, but not against estro-
gen receptor-positive breast cancer54. A meta-analysis of 19 
studies from Europe and Asia has demonstrated that high 
polyphenol intake reduces the risk of gastric cancer by 29%, 

with a greater protective effect observed in women (35%) 
compared to men (21%)55. 

Polyphenols and Mental Health
The use of green tea extract at a dose of 400 mg, three 

times a day in mentally healthy individuals significantly acts 
preventively against the development of depressive symp-
toms compared to the placebo group56. When comparing 
individuals who regularly consume black or green tea with 
those who rarely or never consume tea, regular consumers 
exhibit a 31% lower risk of developing depression. Additio-
nally, a dose-dependent effect is observed, where with each 
increase in daily tea consumption by three cups, the risk of 
depression decreases by 37%57. In individuals with schizop-
hrenia, a 12-week administration of Ginkgo biloba extract 
at a dose of 240 mg daily resulted in a significant reduction 
of tardive dyskinesia symptoms (involuntary movements) 
compared to the placebo group58. It has been shown that 
after five weeks of administration at a dose of 240 mg daily, 
Ginkgo biloba has positive effects on reducing symptoms of 
ADHD and improving the quality of life in children59. 

Polyphenols and Dyslipidemias
An eight-week consumption of moderate amounts of 

blackberries leads to a significant increase in HDL chole-
sterol levels in individuals without medication but with pre-
sent cardiovascular risk factors, compared to the placebo 
group60. A meta-analysis of 17 studies has demonstrated 
that the intake of epigallocatechin gallate polyphenols 
from green tea over 4-14 weeks, with a daily dose ranging 
between 107 and 856 mg, leads to a significant reduction in 
LDL cholesterol levels61. The administration of anthocyanins 
from Aronia extract at a dose of 500 mg daily for 12 weeks 
in former smokers led to a significant reduction of LDL cho-
lesterol levels by 11%62. The administration of resveratrol 
at a daily dose of 500 mg for 12 weeks led to a significant 
reduction in the enzyme alanine aminotransferase and the 
degree of liver steatosis compared to the placebo group63. 
A meta-analysis of randomized controlled clinical trials has 
shown a significant dose-dependent effect of resveratrol on 
reducing LDL cholesterol levels in the blood. The effect on 
total cholesterol and triglyceridemia is also favorable, but 
without dose dependence64. 

Conclusion
Polyphenols are phytochemicals with multiple positive effects on health. They influence the 
composition of the microbiota, particularly by stimulating the growth of beneficial microbial strains 
such as Lactobacillus and Bifidobacterium. In individuals with type 2 diabetes mellitus, they stimulate 
insulin secretion, and beta cell proliferation in the Langerhans islets of the endocrine pancreas, 
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