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Abstract  
Tea is the most consumed beverage globally following only fresh water. International 
statistical data showed that global tea production amounted to 5.7 million metric 
tons in 2016. The countries leading the top list for tea production are China, India, 
Kenya, Sri Lanka, and Indonesia. Tea (Camellia sinensis) is cultivated for many 
centuries in more than 30 countries. Research showed that people have been 
consuming brewed tea for almost 4,000 years. In the last decades many research 
investigations focused on the health benefits of tea on a number of chronic diseases. 
Clinical and epidemiological studies and experimental investigations in animals 
supported evidenve that tea can reduce the risk of cardiovascular diseases (CVDs), 
some forms of cancer, type 2 diabetes and neurodegenerative diseases. Also, tea 
consumption can have beneficial influence on oral health (fluoride from tea has 
reduced dental caries) and is effective for stomach pains and other physiological 
functions such as anti-hypertensive effect, body weight control, antibacterial and 
antiviral effects. Tea leaves contain over 2,000 components, such as polyphenols 
(flavonoids, etc), carotenoids, alkaloids (caffeine, theophylline, theobromine), 
lignans, amino acids (including L-theanine), vitamins, minerals and trace elements. 
The majority of these compounds have strong antioxidant activity and can scavenge 
reactive free radicals, reduce oxidative stress and modulate inflammatory processes. 
Most studies showed that drinking tea (black, green, oolong, etc) habitualy can help 
prevent lifestyle‐related diseases, such CVDs, various types of cancer and type 2 
diebetes. Tea and health outcomes have been the subject of numerous animal 
studies, and human epidemiological and clinical studies in the last decades. Despite 
the inconsistent results of human studies, scientists have enlarged their 
epidemiological studies investigating the strong antioxidant activity of tea catechins 
and their health benefits. In particular, mechanisms of reduction of oxidative stress, 
inflammation and other epigenetic modifications when daily consumption increased 
more than 4 cups per day in adults.  

 

mailto:valavanidis@chem.uoa.gr
https://www.statista.com/statistics/264183/global-production-and-exports-of-tea-since-2004/
https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/carotenoids
https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/lignans
https://lpi.oregonstate.edu/mic/glossary#amino-acid
https://lpi.oregonstate.edu/mic/glossary#mineral
https://lpi.oregonstate.edu/mic/glossary#element
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Introduction: Tea, the beverage most widely consumed worldwide 
 

Tea is the most consumed beverage globally after water. There is a great 

variety of tea type of refreshments and the versatility options can satisfy the growing 

demand for healthful, flavourful and natural beverage options. World tea production 

increased by 4 % annually over the last decade to reach 5.73 million tons in 2016. 

China, India, Kenya, Sri Lanka, and Indonesia were among the main tea producers, 

with China producing more than 40% of total (China 2.44 and India 1.27 million 

tons). Worldwide tea sales were estimated at around 12 blillion (US$) in 2016. Global 

output of green tea increased at a rate of 7.5% percent annually, driven by China, 

where the production of green tea is expected to double from 1.5 million tonnes in 

2015-2017 to 3.3 million tonnes in 2027.1,2 

All statistical evidence showed that world tea consumption and production 

are going to keep on rising in the next decades. There are several reasons for this 

increase because of a robust demand for tea refreshments in developing and 

developed countries. This reality is a combination of higher incomes and commercial 

efforts to diversify tea production to include specialty items such as herbal teas, fruit 

fusions and flavoured gourmet teas. Also, in the last decade the tea industry 

produced a great variety of ready-to-drink or bottled tea (RTD) very popular among 

young generation consumers and the tea market is surging in the United States, 

Europe and Asia Pacific. Among the commercial products, black tea remains the 

overwhelming “leader” among RTD tea products. The global tea and coffee market 

is more than 100 billion US$. Driven by nutritional health concerns globally and 

convenience, consumers have elevated flat and sparkling ready-to-drink (RTD) tea to 

become the alternative to sugary carbonated sodas. Global Tea Market was valued 

at $46 billion in 2016, and is projected to reach at $67 billion by 2023. High nutritive 

content of flavonoids, phytochemicals and antioxidants in tea extracts has been one 

of the crucial factors for the popularity of tea beverages. This is driving the growth of 

tea market from health conscious young generation consumers, who look for 

refreshments during their entertainment and travelling hours but also something 

that is healthy, nutritious and with low sugar content.3,4 

https://teabloom.com/blog/the-most-popular-types-of-tea/
https://www.alliedmarketresearch.com/press-release/tea-market.html
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Figure 1. Tea consumption globally has grown 20% since the turn of the millennium 
in the developed countries. The most likely explanation for tea's rise is its perceived 
health benefits. Scientists have found that drinking tea could help reduce the risk of 
heart attacks and might also help protect to a certain extend against cardiovascular, 
various types of cancer, diabetes and neurodegenerative diseases. 

 

 
Modern pattern of dietary changes and human health 

 
 The dawn of the agricultural civilization started in the neolithic period 12-

10,000 years ago in the Fertile Crescent (Egypt-Mesopotamia, Nile, Tigris and 

Euphrates rivers). At that period of time humans had already developed incredibly 

sophisticated stone tools, weapons, and clay vessels for cooking food and storage of 

surplus. Until the development of agricutlure, all humans got their food by hunting, 

gathering vegetables and fruit from trees, and fishing. While the systematic 

agriculture emerged and was able to meet humans’ basic needs, the nomadic life 

was scaled down and hunters turned to prime farland and farmed animals favoring 

permanent settlements due to a reliable food supply.5,6 

The paleolithic food pattern of humans changed dramatically through a 

stepwise and progressive evolutionary path to the present diet of our modern 

pattern of intake of new cultivated foods. The human diet has changed drastically 

when new foods and more nutritional recipies appeared from new agricultural 

prodcuts. Great shifts have occurred from diets high in fruits, vegetables, lean meats, 

and seafood to processed foods high in animal fats, red meats, refined sugars and 

cereals. These dietary changes have adversely affected dietary parameters known to 

be related to health, resulting in an increase in obesity and chronic disease, including 

cardiovascular disease (CVD), diabetes, and cancer.7  
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Figure 2. Fertile Crescent is a crescent-shaped region in the Middle East, spanning 
modern-day Iraq, Israel, Palestinian Territories, Syria, Lebanon, Egypt, and Jordan as 
well as the southeastern fringe of Turkey and the western fringes of Iran.  
 

Living human environments, mechanized agricultural intensification and 

advanced technological applications have changed dramatically in the last century. 

These shifts were followed by new dietary practices and inevitably changes in the 

human longevity and the causes of morbidity and mortality in modern societies. 

The most important changes of modern life were substantially increasing incomes 

and education for the largest part of the population, dramatic urbanization and 

formation of megacities, massive changes in transport and communications, new 

trends in commercial products and retailing of food items at low prices. These 

new opportunities are driving a global dietary transition in which traditional diets 

are replaced by diets higher in refined sugars and fats, refined oils and red and 

processed meats. It is estimated that in 30 years (by 2050) these dietary trends 

would be a major contributor to an estimated 80% increase in global agricultural 

greenhouse gas emissions from food production and to global land clearing. At the 

same time, these dietary shifts increased the incidence of type 2 diabetes, 

coronary heart disease (CHD) and cancer. New dietary habits increased the 

pandemic of obesity for young and old, and a series of other chronic non-

communicable diseases. Some scientists argued that humans need to think and 

apply for alternative diets that can offer substantial human health benefits and 

reduce global agricultural greenhouse gas emissions and land desertification.8,9 
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Phyto-beverages and tea consumption 

Medicinal plants, herbs, spices, phyto-beverages and their abundant 

antioxidant constituents have been used in traditional medicinal products for many 

centuries in China, India and some African and Asian countries, to promote human 

health and prevent the development of certain diseases. Two typical examples were 

flavonoids in tea and anthocyanins in cherries.10 

Tea (Camellia sinensis) is cultivated for many centuries in more than 30 

countries. People have been consuming brewed tea for almost 4,000 years.  Since 

ancient times, tea, especially green tea, has been considered by the traditional 

Chinese medicine as a healthful beverage. A great number of human studies 

suggested that tea can reduce the risk of cardiovascular diseases (CVDs) and some 

forms of cancer. Also, tea consumption can have beneficial influence on oral health 

(fluoride from tea has been demonstrated to be effective in reducing caries.  Also, tea is 

effective for stomach pains and other physiological functions such as anti-

hypertensive effect, body weight control, antibacterial and antiviral effects.11,12 

 
 

Figure 3. Chinese traditional herbal medicine used plants to relieve, treat, and 
prevent diseases. Herbal healing has been used for millennia in Chinese culture. Tea 
extracts made from various plants were the basis of this ancient healing art, which is 
still in use today. People in India consume a great variety of teas. They prefer a 
powerful blend of tea, herbs and spices, chai has been cherished for centuries in 
India to preserve health and increase peace of mind. 
  

Many studies involving tea consumption, being rich in strong antioxidant 

polyphenols, have been reported to be used in the management of colon, 

http://www.wisegeek.com/what-is-herbal-medicine.htm
https://www.mindbodygreen.com/tag/herbs
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esophageal, and lung cancers, as well as urinary stone, dental caries, etc. But despite 

the increasing beneficial to health epidemiological studies, scientists argued for 

further research to define the magnitude of health benefits of tea consumption, 

establish the safe range for consumption and elucidate potential mechanisms of 

medicinal action by tea constituents.13,14  

Most studies focused on the significance of tea as an important dietary source 

of polyphenols (flavanols, flavonols, catechnins) with strong antioxidant activity and 

high ability to scavenge reactive oxygen species (ROS) and reduce oxidative stress 

and inflammation. In vitro and in vivo (animal) studies provide strong evidence that 

tea polyphenols may possess the bioactivity to affect the pathogenesis of several 

chronic diseases, especially cardiovascular diseases. However, the results from 

epidemiological and clinical studies of the relationship between tea and health are 

mixed. International correlations do not support this relationship although several, 

better controlled case-referent and cohort studies suggest an association with a 

moderate reduction in the risk of chronic disease. As is usual in this type of studies 

there conflicting results between human studies, in part, from confounding by 

socioeconomic and lifestyle factors as well as by inadequate methodology to define 

tea preparation and intake. Clinical trials employing putative intermediary indicators 

of disease, particularly biomarkers of oxidative stress status, suggest tea polyphenols 

could play a role in the pathogenesis of cancer and heart disease.15 

Experiments with tea extracts have been used in animal studies (rats, mice, 

hamsters) to test the beneficial effects on health or prevention of certain diseases. 

There is a big question as to the application of these results to humans. It is well 

known from biochemical and biological discoveries in the last decades that 

physiology is similar enough between humans and the rest of mammals to make it 

possible to translate discoveries from animals to humans. Furthermore, science has 

developed the right strategies and precautions to investigate human diseases in 

animals and use the findings to develop medications that work in humans (and in 

animals as well, in the case of veterinary medicine).16,17  
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The results of tea extracts in animal studies showed that tea consumption 

protects or reduces the risk for certain cancers (lung, forestomach, esophagus, 

duodenum, pancreas, liver, breast, colon, and skin) which have been induced by 

chemical carcinogens. Other studies in animals showed the preventive effect of 

green tea consumption against atherosclerosis and coronary heart disease (CHD), 

high blood cholesterol concentrations, and high blood pressure. Research findings in 

laboratory animals have shown the chemopreventive potential of tea polyphenols in 

cancer. These results are useful to start epidemiological and clinical studies in 

humans. Evidence is accumulating that tea catechins and theaflavins (polyphenolic 

compounds of green and black tea) are responsible for most of the beneficial health 

effects.  Studies showed that tea consumption has therapeutic effects but also 

improves in general the quality of life in adults.18-21  

Bioactive tea antioxidant constituents  

Tea leaves contain over 2,000 components, such as polyphenols (flavonoids), 

pigments (carotenoids and chlorophyll), alkaloids (caffeine, theophylline, 

theobromine),  lignans,  carbohydrates,  lipids,  proteins,  amino acids (including L-

theanine), vitamins (vitamin C, vitamin E, riboflavin), and various minerals and 

trace elements.  

Polyphenols circulating in the biological compartments and blood with their 

phenolic groups (-OH) neutralize reactive free radicals (HO●, R● , or ROO●) thus their 

scavenging activity provides antioxidant stability in biological organisms. 

 

Figure 4.  Free radical-scavenging mechanism of polyphenols 

https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/flavonoids
https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/carotenoids
https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/chlorophyll-chlorophyllin
https://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/lignans
https://lpi.oregonstate.edu/mic/glossary#carbohydrate
https://lpi.oregonstate.edu/mic/glossary#lipid
https://lpi.oregonstate.edu/mic/glossary#protein
https://lpi.oregonstate.edu/mic/glossary#amino-acid
https://lpi.oregonstate.edu/mic/glossary#vitamin
https://lpi.oregonstate.edu/mic/vitamins/vitamin-C
https://lpi.oregonstate.edu/mic/vitamins/vitamin-E
https://lpi.oregonstate.edu/mic/vitamins/riboflavin
https://lpi.oregonstate.edu/mic/glossary#mineral
https://lpi.oregonstate.edu/mic/glossary#element
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  The effective scavenging potential of tea polypehenols (as in many other 

dietary antioxidants) is an important and beneficial antioxidant factor in human 

health. Tea polyphenols are excellent quenching agents and directly 

scavenge oxygen free radical species or chelate transition metals, and indirectly 

upregulate the activity of antioxidant enzymes. They scavenge the most important 

ROS circulating in biological fluids, such as superoxide anion radical (O2
●¯) and 

hydroxyl radicals (●OH), and organic radicals (ROO●, reducing oxidative stress, 

oxidative damage to biomolecules, such as proteins, membrane lipids, nucleic acids, 

while increasing plasma antioxidant activity.22-24  

 

Flavonoids in tea 

Dietary flavonoids in tea leaves are divided into six subclasses: flavan-3-ols, 

anthocyanidins, flavanones, flavonols, flavones, and isoflavones.  

 

Flavan-3-ols  
Basic structure of anthocyanidins 

R= -OH, - OCH3, R4’ = -OH 
(Aurantididin, Cayanidin, Delphinidin, etc) 

 

Flavanones 

 

Flavonols 

 

Flavones 

 

Isoflavones 

Figure 5.  Chemical structures of the basic antioxidant flavonoids in tea leaves.  
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Total flavonoid content in green tea and black tea is of about 138 mg and 118 

mg per 100 mL, respectively. Flavan-3-ol monomers in tea leaves (known as 

catechins) constitute 30%-40% of the solid weight of brewed green tea. The principal 

catechins found in tea are (-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-

epicatechin gallate (ECG), and (-)-epigallocatechin gallate (EGCG). When catechins 

are enzymatically oxidized by polyphenol oxidase during the oxidation process that 

yields black tea, they form low molecular weight dimers known as theaflavins and 

complex polymers (of mostly unknown structures) called thearubigins. Non-oxidized 

teas are rich in catechins, while fully oxidized teas are rich in theaflavins and 

thearubigins.25-27 

 

(-)-epicatechin (EC) 

 

(-)-epigallocatechin (EGC) 

 

(-)-epicatechin gallate (ECG) 

 

(-)-epigallocatechin gallate (EGCG) 

 

Figure 6. Catechins in tea:  (-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-
epicatechin gallate (ECG), and (-)-epigallocatechin gallate (EGCG). 

 

Flavonols in tea  

Tea leaves as a beverage are also a good source of another class of flavonoids 

called flavonols. Flavonols found in tea include kaempferol, quercetin, and myricetin. 

https://lpi.oregonstate.edu/mic/glossary#enzyme
https://lpi.oregonstate.edu/mic/glossary#oxidation
https://lpi.oregonstate.edu/mic/glossary#dimer
https://lpi.oregonstate.edu/mic/glossary#polymer
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The flavonol content of tea is minimally affected by processing, and flavonols are 

present in comparable quantities in oxidized and non-oxidized teas. Unlike flavan-3-

ols, flavonols are usually present in tea as glycosides, i.e., bound to a sugar molecule. 

Despite their poor bioavailability, flavonoids are thought to contribute substantially 

to the health benefits associated with daily tea consumption.28,29 

 

 

Kaempferol 

 

 

 

Quercetin 

 

 

Myricetin 

 

Figure 7.  Chemical structures of flavonols in tea leaves : kaempferol, quercetin, and 
myricetin. They play an important role in antioxidant tea activity. 

 

Caffeine in tea leaves 

Tea leaves contain more caffeine than coffee beans before they are brewed. 

But when prepared as beverage is diluted and some of the caffeine is left in the tea 

leaves. The average cup of tea contains about half as much caffeine as the average 

cup of instant coffee. Also, tea is the only plant that contains L-theanine, an amino 

acid that promotes calm and relaxation. It works in synergy with the stimulant 

caffeine to induce a state of mindful alertness.  Another advantage compared to 

coffee, caffeine from tea is absorbed more slowly in the body than caffeine from 

coffee. This gentle release promotes a longer period of alertness. Black tea contains 

approximately 14-61 mg per cup, green tea contains ~36 mg and white tea ~ 25 mg 

of caffeine. Tea leaves contain 1.5-4.5 % caffeine by weight.  Caffeine is fat soluble 

passing easily through cell membranes and is carried by bloodstream to all human 

organs, and finally is absorbed from the stomach and intestines.  Caffeine promotes 

the brain to secrete dopamine and usually reaches the brain through the blood 

https://lpi.oregonstate.edu/mic/glossary#glycoside
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within 10 minutes after drinking. Dopamine is a neurotransmitter that activates 

pleasure centers in certain parts of the brain. It blocks adenosine reception, so 

drinkers of tea feel alert by injecting adrenaline into their body and at the same time 

manipulates dopamine production to make drinker feel good.30 

All tea leaves contain caffeine, unless they are deliberately decaffeinated. 

The caffeine content of different varieties of tea may vary considerably and is 

influenced by factors like brewing time, the amount of tea and water used for 

brewing, and whether the tea is loose or in teabags. Black tea contain more than 

green and oolong teas. Caffeine is a known stimulant of the central nervous system, 

thought to protect dopaminergic neurons by antagonizing adenosine A2A.
31 

Among scientists there has been a long debate about the predominant 

involvement of the different adenosine receptor subtypes in the psychostimulant 

effects of the adenosine receptor antagonist caffeine. Both striatal A1 and 

A2A receptors are involved in the motor‐activating and probably reinforcing effects of 

caffeine, although they play a different role under conditions of acute or chronic 

caffeine consumption.32  

 

Figure 8. Caffeine chemical structure. Caffeine is a xanthine alkaloid compound that 
acts as a stimulant in humans. 

 

Fluoride in tea leaves 

Tea naturally contains some fluoride (Fluoride is a halide anion of 

monoatomic fluorine, -F) which is absorbed into the plant from soil and rainwater. 

Tea leaves accumulate fluoride and the oldest tea leaves contain higher amounts of 

fluoride. Levels of fluoride in tea vary from year to year, according to where it was 

grown (acidic soil encourages more uptake in the plant) and when it is harvested 

(older leaves contain more fluoride than younger ones). Fluoride levels in green, 

https://science.howstuffworks.com/life/inside-the-mind/human-brain/brain.htm
https://lpi.oregonstate.edu/mic/glossary#central-nervous-system
https://lpi.oregonstate.edu/mic/glossary#neuron
https://lpi.oregonstate.edu/mic/glossary#antagonist
https://lpi.oregonstate.edu/mic/minerals/fluoride
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oolong, and black teas are generally comparable to those recommended for the 

prevention of dental caries (cavities). In this respect, daily consumption of up to one 

liter of green, oolong and black tea would be unlikely to result in fluoride intakes 

higher than those recommended for dental health. A study in 2013 (Journal of Food 

Research International) analysed fluoride levels in 38 different teas, mainly bought 

from UK supermarkets. In dry tea the average fluoride levels were between 103 to 

839 mg/kg. Green teas had on average around 397mg/kg and pure blends 

(comprised of leaves grown in different regions) had the lowest concentrations on 

average of 132mg/kg.33 

The amino acid L-theanine in tea 

 

Tea dry leaves contain a non-protein amino acid, L-theanine (also L-g-

glutamylethylamide), at 1%-2% (w/w).  It is known from experiments that L-theanine 

can cross the blood-brain barrier and exerts neuroprotective effects. Because its 

chemical structure resembles that of glutamate, a neurotransmitter critically 

involved in memory, theanine may compete with glutamate for binding to glutamate 

receptors. This glutamate antagonism has been associated with the prevention 

of neuronal death by theanine after brain ischemia. Consuming L-theanine with tea 

increases the production of GABA and dopamine. GABA is (gamma-aminobutyric 

acid), an important neurotransmitter in the central nervous system, controlling most 

of the functions of the body and mind.  L-theanine is safe to be consumed and helps 

many people reduce stress and anxiety. Research shows that L-theanine induces 

alert/relaxed thinking states, reduces your fight-or flight response to stressful events 

and helps protect the mind from stress-linked thinking and memory deficits.34-36 

 

Figure 9.  L-theanine chemical structure. L-theanine is a non-protein amino acid  
exerting neuroprotective effects according to some clinical studies. 

https://lpi.oregonstate.edu/mic/glossary#dental-caries
http://www.sciencedirect.com/science/article/pii/S0963996913000446
https://lpi.oregonstate.edu/mic/glossary#glutamate
https://lpi.oregonstate.edu/mic/glossary#neurotransmitter
https://lpi.oregonstate.edu/mic/glossary#receptor
https://lpi.oregonstate.edu/mic/glossary#antagonist
https://lpi.oregonstate.edu/mic/glossary#neuron
https://lpi.oregonstate.edu/mic/glossary#ischemia
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Theaflavins and thearubigins in tea leaves 

Theaflavins and thearubigins are characteristic products formed from 

catechins during enzymatic oxidation of tea leaves during manufacturing. 

Theaflavins give an orange or orange–red colour to tea and contribute to a 

mouthfeel sensation and an extent of cream formation. Four major theaflavins have 

been identified in black tea: theaflavin, theaflavin-3-monogallate, theaflavin-3′-

monogallate, and theaflavin-3,3′-digallate. 

Thearubigins comprise 10–20 % of the dry weight of black tea. However, due to their 

high solubility in water, they account for 30–60% of the solids in black tea infusion. 

They are polymeric catechins that are formed during the enzymatic oxidation (called 

fermentation in the tea trade) of tea leaves. In contrast to theaflavins, thearubigins 

contain polysaccharides and proteins in the polymer. Gallic acid, cyanidins, 

and delphinidin are formed by acid hydrolysis and catechins are produced by 

reductive hydrolysis. Thearubigins are a mixture of proanthocynidins 

containing flavonoid residues.37,38 

 

Theaflavins 

 

Thearubigins 

Figure 10. Theaflavins and thearubigins chemical structures 

 

Theaflavins and thearubigins are considered very strong antioxidants and as 

such play a therapeutic role in people drinking daily tea.  They are regarded as the 

‘golden molecules’ separated from tea. But also, theaflavins and thearubigins are 

considered as crucial molecules that decide the quality and grade of black tea, the 

most consumed tea all over the world. As the smallest tea-pigments, their sensory 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dry-weight
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/solubility
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/catechin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/alpha-oxidation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fermentation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/polysaccharides
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/delphinidin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/enzymatic-hydrolysis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/flavonoids
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analysis  imparted a mouth-coating, astringent, and long-lasting oral sensation at the 

back of the throat. 39,40 

 

Significance of tea drinking for life-style related diseases 

 

The significance of drinking tea (black, green, oolong, etc) in prevention of 

two of the main lifestyle‐related diseases, cardiovascular diseases (CVDs) and cancer 

(especially of the gastrointestinal tract) and all-cause mortality has been the subject 

of numerous animal studies as well as epidemiological and clinical studies in the last 

decades. 

The results until now have persuaded scientists to consider that the strong 

antioxidant activity of tea polyphenols can have an important role in preventing 

CVDs and some types of cancer through mechanisms of reducing oxidative stress, 

inflammation and other epigenetic modifications. Studies have revealed the main 

anti-cancer mechanisms of tea polyphenols are:41  

a.   promotion of antioxidant activity, reduction of oxidative stress,  

b.    inhibition of NF-κB and AP-1 (Nuclear factor kappaB  and activator protein 1 are 

transcription factors that regulate many important pathological processes. Both 

orchestrate expression of many genes involved in inflammation, lymphoid 

differentiation, oncogenesis, and apoptosis),  

c.    regulation of the cell cycle,  

d.   inhibition of receptor tyrosine kinase pathways (RTKs). These are high-affinity cell 

surface receptors for many polypeptide growth factors, cytokines, 

and hormones.  They play a critical role in the development and progression of 

many types of cancer. 

e.  control of epigenetic modifications and modulation of the immune system. 

Also, green teas have been shown to activate detoxification enzymes, such as 

glutathione S-transferase and quinone reductase, that may help protect against 

tumour development.42  But is has to be emphasized that although many of the 

potential beneficial effects of tea consumption have been attributed to the strong 

antioxidant activity of tea polyphenols, the precise mechanism by which tea might 

https://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
https://en.wikipedia.org/wiki/Cell_surface_receptor
https://en.wikipedia.org/wiki/Cell_surface_receptor
https://en.wikipedia.org/wiki/Cell_surface_receptor
https://en.wikipedia.org/wiki/Growth_factor
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Cancer
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR00000446105&version=Patient&language=English
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000373012&version=Patient&language=English
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help prevent cancer has not been established.43  Animal studies that have been 

contacted with tea or extracted tea polyphenols showed positive inhibition to 

tumorigenesis at different organ sites, including the skin, lung, oral cavity, 

esophagus, stomach, small intestine, colon, liver, pancreas, and mammary gland. But 

when similar studies were applied to humans—both epidemiologic and clinical 

studies— the results have been inconclusive.44 

Cardiovascular diseases (CVDs) are caused mainly by plaque buildup in the 

artery walls (called atherosclerosis), a disease in which oxidized fats, cholesterol and 

other substances are responsible for plaque buildup which hardens inside arterial 

walls. The plaque can burst, triggering a blood clot which inhibits blood flow through 

arteries to the heart and other organs.  CVDs are the result of old age, unhealthy diet 

(animal fats, cholesterol, salt, lack of fruit and vegetables), lack of exercise, obesity, 

smoking. (American Heart Association, 2018 [https://www.heart.org/en/health-

topics/consumer-healthcare/what-is cardiovascular-disease ]. 

Increased level of plasma cholesterol is considered as a major risk factor for 

CVDs in humans. Clinical studies showed that tea consumption (through its 

antioxidant polyphenol constituents) could lower plasma cholesterol levels by 

increasing the expression of LDL (Low Density Lipoprotein) and reducing the 

oxidation of LDL. According to studies tea inhibits atherosclerosis by protecting lipids 

from oxidizing and by stimulating fibrinolytic mechanisms (a process that prevents 

blood clots from growing inside the arteries and become dangerous for the 

formation of atherosclerotic lesions).45,46  

Results from epidemiological evidence through observational and cohort 

studies (the majority of these studies were from Japan and China) on the 

consumption of tea and its associated benefits in reducing CVDs, various types of 

cancer and all cause mortality have been inconsistent.47-58  

Epidemiological studies have demonstrated inconsistent associations 

between tea consumption and mortality of all cancers, CVD and all causes.  

A recent meta-analysis of various prospective cohort studies in 2015 by 

Chinese medical scientists (Dpt of Food Science and Nutrition, Zhejiang University, 

People's Republic of China and Provincial People's Hospital of Gansu) collected data 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000257523&version=Patient&language=English
https://www.heart.org/en/health-topics/consumer-healthcare/what-is%20cardiovascular-disease
https://www.heart.org/en/health-topics/consumer-healthcare/what-is%20cardiovascular-disease
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for quantitative overall estimate of all cancer, CVDs and all causes mortality (dose-

response meta-analysis) in association with green and black tea consumption. The 

Chinese scientists searched in medical bases PubMed and Embase for the most 

relevant and important epidemiologic studies up to April 2015. In 18 prospective 

studies, there were 12,221, 11,306 and 55,528 deaths from all cancers, CVD and all 

causes, respectively. In epidemiology, risk ratio (RR) or relative risk is the ratio of the 

probability of an outcome in an exposed group to the probability of an outcome in 

an unexposed group. The Risk Ratio (RR) for all cancer mortality, highest 

consumption versus lowest consumption of green tea and black tea were 1·06 and 

0·79, respectively. For CVD mortality, the summary RR for the highest v. lowest 

category of green tea and black tea consumption were 0·67 and 0·88, respectively. 

For all-cause mortality, the summary RR for the highest v. lowest category of green 

tea and black tea consumption were 0·80 and 0·90, respectively. Scientists 

concluded that the dose-response analysis indicated that one cup per day increment 

of green tea consumption was associated with 5 % lower risk of CVD mortality and 

with 4 % lower risk of all-cause mortality. Green tea consumption was significantly 

inversely associated with CVD and all-cause mortality, whereas black tea 

consumption was significantly inversely associated with all cancer and all-cause 

mortality.59 

 

Beneficial intake of tea in reducing risk for cardiovascular diseases 

 

Research on the last decades has suggested beneficial health effects arising 

from the consumption of dietary flavonoids found in tea, cocoa, apples, citrus fruits 

and berries. The benefits are especially concentrated  on cardiovascular risk factors, 

such as high blood pressure and endothelial dysfunction, that can have  the potential 

to prevent cardiovascular diseases (CVDs) and neurodegenerative disease with a 

vascular component.60  

The most recent review on the consumption of tea and coffee and the 

association with reduction of CVDs was in 2017. In fact the review focused on the 

most important risk factors, such as hypertension, hyperglicemia, and 
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hyperlipidaemia. Clinical trials were divided into human volunteers with normal 

weight and clinical trials with overweight subjects. Scientific data (studies until 2017) 

on tea consumption and CVD risk factors support that tea consumption reduces 

some risk factors especially in overweight people and obese subjects. Therefore, 

these results seem to suggest that tea could exert a protective effects against CVD 

development. As regards coffee, the results are controversial and did not allow to 

draw positive or negative conclusions.61  

 In 2017 scientists evaluated tea consumption at population level (in the USA) 

to test the health benefits of tea intake in relation to CVDs, cancer and all-cause 

mortality. They used data from the Aerobics Center Longitudinal study (ACLS) with  

11,808 participants (20-82 years) who were initially free of CVD and cancers, with a 

follow-up of 16 years, of these 842 participants died (250 died from CVD, and 345 

died from cancer). A Cox proportional hazard model was used to produce hazard 

ratio (HR). The results showed that there were weak or null relationships 

between tea consumption and mortality due to all-cause, CVD disease or cancer 

were observed in ACLS.62 

A review in 2015 investigated critically the vast array of studies arguing 

that tea leaves possess significant antioxidants, anti-inflammatory, antimicrobial, 

anticarcinogenic, antihypertensive, neuroprotective, cholesterol-lowering, and 

thermogenic substances which can have beneficial effects in humans. The review 

desctibed several research investigations, epidemiological studies, and meta-

analyses suggesting that tea and its bioactive polyphenolic constituents have 

numerous beneficial effects on health, including the prevention of many diseases, 

such as cancer, diabetes, arthritis, cardiovascular disease (CVD), stroke and obesity.63 

A recent study (2013) investigated the hypothesis that tea polyphenols with 

their high molecular weight can persist in the human colon for a long time 

undergoing a range of biotransformations by the resident colonic microbiota with 

beneficial effects to cardiovascular health.  The hypothesis supports the idea that the 

colon microbial composition can now be assessed by microbiomics technologies. 

Nutrikinetic modeling has been proven to be critical for defining nutritional 

phenotypes related to gut microbial bioconversion capacity and bioassays of gut 
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and cardiovascular health have been used. Recent studies have concentrated 

evidence that there are cardiovascular benefits of tea polyphenols because they can 

promote anti-inflammatory effects, blood pressure-lowering properties and 

improvement in platelet and endothelial function though specific microbial 

bioconversion products. But scientists argued that this research area is in the 

beginning and needs more results to establish the microbiotic transformation 

benefits by tea polyphenols.64. 

Cross-sectional and prospective population studies in the last decades for 

tea intake provided evidence for positive association with reduced risk 

of cardiovascular diseases (CVDs). Studies with experimental animals (mice, rats) 

used isolated flavonoids that are found in high concentrations in tea leaves. The 

results of these studies have shown consistently to inhibit the development of 

atherosclerosis in animal models. Tea flavonoids can enhance nitric oxide status 

(NO). It is well known that decreased production or reduced bioavailability of nitric 

oxide can result in endothelial dysfunction. This enhancement by tea can improve 

endothelial function, which may be at least partly responsible 

for benefits on cardiovascular health. There is also limited evidence to 

suggest benefits of green tea (flavonoids) on body weight and body fatness. 

Additionally, tea consumption promotes reduced oxidative damage, inflammation, 

platelet activation, blood pressure, and prevents risk of type 2 diabetes (T2D).65 

We can argued at this point that the reviewed epidemiological studies and 

meta-analyses suggest that tea has beneficial and protective effects 

against cardiovascular diseases (CVDs). As for underlying mechanisms that might 

account for such effects, there is evidence that tea and its polyphenols might lower 

reduce oxidative stress, inflammation, blood pressure and have favorable effects on 

blood lipids, glucose, and body weight. But despite the growing scientific evidence, it 

remains uncertain whether tea consumption should be recommended to the general 

population or to patients as a strategy to reduce cardiovascular risk.66 
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Tea consumption and type 2 diabetes 

 

Type 2 diabetes has become a very important disease worldwide. Type 2 

diabetes (T2D) is 90-95% of all types.  Diabetes prevalence has been rising more 

rapidly in middle- and low-income countries. According to WHO the number of 

people with diabetes has risen from 108 million in 1980 to 422 million in 2014. The 

global prevalence of diabetes among adults over 18 years of age has risen from 4.7% 

in 1980 to 8.5% in 2014. In 2016, an estimated 1.6 million deaths were directly 

caused by diabetes. Another 2.2 million deaths were attributable to high blood 

glucose in 2012 [WHO. Diabetes, 2019. https://www.who.int/news-room/fact-

sheets/detail/ diabetes ].  

Epidemiological evidence in the last decade showed that the association 

between tea consumption and the risk of type 2 diabetes (T2D) or type-2-diabetes 

mellitus (T2DM) is inconsistent. Also, scientists have investigated the protective 

effects of tea consumption on patients who have developed Type 2 diabetes. In this 

review we focused on reviews, meta-analyses and cohort studies for the association 

of tea consumption and T2D in the period 2009-2018. 

 In 2009 Chinese scientists performed a systematic literature data base search 

(Pubmed, Medline, Embase, and Cochrane Database of Systematic Reviews) of the 

year 2008. They identified 9 relevant cohort studies with 324,141 participants and 

11,400 incident cases of type 2 diabetes (T2D) , all cases had 5 to 18 years follow-up. 

The summary of data after adjustment [Relative Risk (RR)] did not show 

that tea consumption was associated with a reduced type 2 diabetes risk (RR, 0.96). 

But when the reviewers used stratified analyses, the results revealed 

that tea consumption (more) > or =4 cups per day, had a positive effect. The relative 

risk (RR) was much lower (RR, 0.8) (meaning 20% reduction of risk compared to 

control group). The scientists concluded that the meta-analysis indicates 

that tea consumption > or =4 cups per day may lower the risk of type 2 diabetes.67 

 The InterAct project started in 2006 and is a European Union (EU) funded 

large scale collaboration between 9 European countries and India, designed to 

discover how genetic and lifestyle behavioural factors, particularly diet and physical 

https://www.who.int/news-room/fact-sheets/detail/%20diabetes
https://www.who.int/news-room/fact-sheets/detail/%20diabetes
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activity, interact in their influence on the risk of developing type 2 diabetes. Also, the 

collaboration aims to investigate how these discoveries may help to prevent the 

development of diabetes (and the role of tea and other dietary factors).  

The project collected health data under the auspices of another well known 

programme, the European Prospective Investigation into Cancer and Nutrition 

(EPIC) from 8 European countries. In 2012 European scientists (under the EPIC-

InterAct Consortium) published the results of their investigation for the association 

between tea consumption and incidence of type 2 diabetes (T2D). The EPIC-InterAct 

case-cohort study was conducted in 26 centers in 8 European countries with a total 

of 12,403 incident T2D cases and a stratified subcohort of 16,835 individuals from a 

total cohort of 340,234 participants with 3.99 million person-years of follow-up. 

Country-specific Hazard Ratios (HR) for incidence of T2D were obtained after 

adjustment for lifestyle and dietary factors using a Cox regression adapted for a 

case-cohort design. (The HR is a comparison between the probability of events in a 

treatment group, compared to the probability of events in a control group). Country 

specific medians of tea consumption ranged from 0 cups/day in Spain to 4 cups/day 

in United Kingdom (UK). Tea consumption was associated inversely with incidence 

of type 2 diabetes.  The HR was 0.84 (reduction 16%) when participants who drank ≥ 

4 cups of tea per day were compared with non-drinkers. Incidence of T2D already 

tended to be lower with tea consumption of 1-<4 cups/day (HR = 0.93). Scientist 

concluded that people who drink at least 4 cups of tea per day may have a 16% 

lower risk of developing T2D than non-tea drinkers.68 

 A solution to resolve inconsistencies is to use large-scale prospective cohort 

studies (with thousands of participants). These studies can overcome confounders 

(other factors, such as age, sex, lifestyle, etc) and statistical errors. In the last years 

many scientists tried with larger meta-analysis cohort studies to test the 

inconsistency been shown with the risk of T2D and tea consumption. In 2014 Chinese 

scientists undertook to study a dose-response meta-analysis of cohort studies 

assessing the association between consumption of tea and risk of developing T2D. 

They identified in PubMed, Web of Science and EMBASE (until 2013) 15 dietary tea 

relevant studies that reported 37,445 cases of diabetes among 545,517 participants. 
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A significant linearly inverse association between tea consumption and T2D risk was 

found (P for linear trend = 0.02). An increase of 2 cups/d in tea consumption was 

found to be associated with a 4.6 % reduced risk of T2D. On the basis of the dose-

response meta-analysis, the predicted relative risks of diabetes for 0, 1, 2, 3, 4, 5 and 

6 cups of tea consumed per day were 1.00 (referent), 0.97 (reduction 3%), 0.95, 0.93, 

0.90, 0.88 and 0.85 (reduction 15% for 6 cups of tea consumption per day), 

respectively. The scientists concluded that findings suggest that  tea  consumption 

 could be linearly inversely associated with T2D risk. 69 

Chinese scientists again performed systematic search of electronic databases 

(PubMed, Cochrane Library and EMBASE) to identify as many as possible randomized 

controlled trials of tea in T2DM patients up to January 2015.  Their search identified 

10 trials including 608 subjects. The meta-analysis found that tea could alleviate the 

decrease of fasting blood insulin (positive factor) and reduced waist circumference 

only in more than 8-week intervention, but there were was no statistically significant 

differences with regard to homeostasis model of insulin resistance, fasting blood 

glucose, low density lipoprotein-cholesterol, high density lipoprotein-cholesterol, 

body mass index (BMI) and other important metabolic biomarkers (triglycerides, 

fasting cholesterol, leptin, etc). Scientists concluded that the intervention 

of tea or tea extraction to patients with diabetes could maintain a stable fasting 

blood insulin and reduce waist circumference (stop overweight), however, the 

effects on other metabolic factors were not significant.70 

China produces approximately 35% percent of the world’s tea. Tea is 

consumed domestically by more than 500 million Chinese (sales of ready-to-drink 

tea in China were estimated at $11.7 billion in 2015). In 2018 Shanghai Women's 

Health Study (number of participants, N = 67, 058) and the Shanghai Men's Health 

Study (N = 52, 315) were combined to produce one of the most large-scale study. 

The participants did not have diabetes at study enrolment and data 

for tea consumption (types of tea and amounts per day), were collected in the 

follow-up survey. Also, incident of T2D was identified through follow-up surveys.  

Cox regression analysis was applied to estimate the hazard ratio (HR) for T2D risk. 

The results revealed that current green tea drinkers had an increased risk of T2D 
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compared with non-current drinkers *HR = 1.20] (20%). The increased risk associated 

with green tea drinking was observed in both women and men, across the entire 

period of follow-up. This time Chinese scientists concluded that green tea drinking 

was associated with an increased risk of T2D in Chinese adults.71 

The latest Japanese study (published in 2019) use 2,253 community-dwelling 

Japanese individuals aged 40-79 years without diabetes to test the effects of tea 

consumption on T2D. These people were monitored for 7 years. The participants 

were tested for serum ethylamine levels. The measurement of serum ethylamine 

concentration is a useful biomarker for the objective estimation of l-

theanine consumption (the aminoacid in the tea leaves).  During the 7 years follow-

up, 282 subjects developed type 2 diabetes (T2D). The results of the study showed 

that age- and sex-adjusted cumulative incidence of type 2 diabetes decreased 

significantly with elevating levels of serum ethylamine (biomarker of tea 

consumption). This association remained unchanged after adjusting for potential 

confounding factors. This trend of decrease in diabetic risk across serum ethylamine 

levels was more prominent in middle-aged subjects and in subjects with pre-

diabetes, obesity, or insulin resistance. So, they concluded that tea consumption was 

significantly associated with lower risk of the development of type 2 diabetes in a 

general Japanese population. Also, they proposed that measurements of serum 

ethylamine concentration can be a useful biomarker for the objective estimation of 

tea intake (since L-theanine in tea is a fundamental constituent).72 

 In 2018 a Vietnamese study (National Institute of Hygiene and Epidemiology, 

Hanoi, Vietnam) was published for the association between habitual tea 

consumption and T2D risk. The case-control study was contacted among Vietnamese 

adults. It was a hospital-based case-control study (2013-2015) with a total of 599 

newly diagnosed diabetic cases (aged 40-65 years) and 599 hospital-based controls. 

Information about frequency, quantity, and duration of tea drinking, together with 

demographics, habitual diet and lifestyle characteristics, was obtained from direct 

interviews (validated questionnaire). After accounting for confounding factors, 

increasing tea consumption was found to be associated with a reduced risk of T2D. 

The adjusted odds ratio (OR) was 0.66 (44% reduction) for participants drinking 
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(more than) >2 cups of tea per day, relative to those drinking (less than) <1 cup/day. 

So, the conclusion was that habitual tea consumption is associated with a 

reduced risk of T2D among Vietnamese adults.73 

 

Association of tea intake and prevention of various types of cancer 

 
 The association of tea consumption with prevention of certain types of 

cancer has been the subject of many clinical studies, epidemiological investigations 

and meta-analyses of human and animal trials.  The major focus of these studies in 

the last decades was on green tea catechins and their strong antioxidant activity. 

Scientists investigated the effective doses of tea, the mechanisms of action of 

antioxidant catechins, and some possible toxic effects for higher intake. The clinical 

trials and laboratory results (in experimental animals and humans) gave very strong 

indications for cancer prevention, however, the human data are inconclusive. The 

effective doses of tea catechins used in some human trials approached toxic levels. 

In studies of the alleviation of metabolic syndrome (increased blood pressure, high 

blood sugar, excess body fat, abnormal cholesterol or triglyceride levels), diabetes, 

and prevention of cardiovascular diseases, the results from human studies are 

stronger in individuals who consume 3-4 cups of tea (600-900 mg of catechins) or 

more per day. The tolerable upper intake level of tea catechins has been set at 300 

mg of (-)-epigallocatechin-3-gallate in a bolus dose per day in some European 

countries.74  

Urinary tract cancers in humans range from small benign tumours to 

aggressive neoplasms with high mortality. The predominant urinary tract malignancy 

is bladder cancer (BC). Bladder cancers comprise 3% of new cancers. Cigarette 

smoking is the strongest risk factor for BC and is implicated in 60% of cases of 

bladder cancer. A Finish study (2019) evaluated the association of coffee 

and tea drinking with risk of urinary tract cancer in Finnish men, with high 

coffee consumption, using data from the Alpha-Tocopherol, Beta-

Carotene Cancer Prevention (ATBC) Study (1985-1993) with 29,133 male smokers.  

During 472,402 person-years of follow-up, 835 incident cases of bladder cancer and 
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366 cases of renal cell carcinoma were ascertained. For bladder cancer, researchers 

observed no association for coffee consumption and a borderline statistically 

significant inverse association for tea consumption. For renal cell carcinoma, they 

observed no association for coffee or tea consumption. So, scientists concluded 

that coffee or tea drinking was not associated with urinary tract cancers risk.75 

Prostate cancer (PCa) remains the 2nd most frequently diagnosed cancer in 

men. Chemoprevention for PCa have improved survival and cure of this cancer. For 

many decades, studies and epidemiological evidence supported the suggestion that 

consumption of phytochemicals rich foods with antioxidant activity (fruit, 

vegetables, green tea, etc) lower the risk of prostate cancer. However, clinical trials 

and meta-analyses on the relationship between green tea consumption and the risk 

of PCa have produced inconsistent outcomes. In 2017 Chinese scientists published a 

review on the dose-response association of green tea intake with PCa risk.  Their 

search of several medical databases (Cochrane Library, PubMed and Science direct) 

found 7 observational studies, 3 randomized controlled trials. Dose-response 

relations were evaluated with categories of green tea intake (Relative Risks, RR). No 

statistical significance was found in the comparison of the highest consumption of 

tea versus lowest consumption, but a downward trend in PCa risk.  Also, dose-

response meta-analysis further demonstrated that higher green tea consumption 

was linearly associated with a reduced risk of PCa with more than 7 cups/day. In 

conclusion, scientists demonstrated that higher green tea consumption was linearly 

reduced PCa risk with more than 7 cups/day.76 

Green tea is a commonly consumed beverage in Asia and most of the 

investigations were concentrated in the association of green tea for the prevention 

of various types of cancer. Green tea and/or tea polyphenols have been found in 

animal studies to inhibit tumourigenesis at different organ sites, including the skin, 

lung, oral cavity, esophagus, stomach, small intestine, colon, liver, pancreas, and 

mammary gland. But the results of epidemiological and clinical studies in humans 

have been inconclusive.77,78 

 A search of epidemiological evidence of the effect of green tea consumption 

on liver cancer risk remains ambiguous. Researchers in 2017  collected data for a 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000257523&version=Patient&language=English
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meta-analysis evaluating the association between green tea consumption and the 

risk of liver cancer. The summary of the results for the Relative Risk (RR) for the 

highest consumption (≥5 cups/day) of green tea on liver cancer incidence compared 

with nondrinkers was 0.62 (reduction of risk 38%). The analysis found a trend that 

the incidence of liver cancer was reduced with the increasing years of 

green tea intake (significance at, more than, >20 years). A significant dose-response 

association was found between green tea drinking and liver cancer risk. The 

downward trend was most obvious when the consumption of green tea increased up 

to about 4 cups/day.79 

 Another aspect that recent investigations explored was the effect of tea 

consumption on breast cancer survivors because is known that green tea facilitates 

lipid metabolisms. In 2019 a research project recruited 1,551 breast cancer patients  

in Guangzhou (2008-2012 and were followed for 5 years). The endpoint was 

progression-free survival (PFS) and Hazard Ratios (HR) were calculated.  PFS was 

better among women who regularly drank all teas (mainly green tea). Scientists 

concluded that regularly drinking green tea) after diagnosis was beneficial to 

breast cancer survival.80 

Another recent review study explored the association of tea and coffee 

consumption with brain cancer risk.  The search of medical data bases retrieved a 

total of 23 relevant studies (until 2018) for the meta-analysis. The analysis of data 

found that a statistically significant protective effect of coffee consumption and 

brain cancer risk (Relative Risk, RR = 0.785), especially in Asian populations. 

However, the association between the risk of brain cancer and tea consumption was 

non-significant in the whole result (RR = 0.897). Interestingly, the RR was 0.684 for 

the risk of brain cancer when compared the highest versus the lowest 

category consumption of both beverages coffee and tea.81 

  The well known European study on diet and cancer EPIC (European 

Prospective Investigation into Cancer and Nutrition) was used (includes data for 

476,108 adult men and women in European countries) to investigate the association 

of tea and coffee consumption with thyroid cancer (TC).  Coffee and tea constituents 

have shown several anti-carcinogenic activities in cellular and animal studies, 
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including against thyroid cancer (TC). During the mean follow-up of 14 years, 748 

first incident differentiated TC cases (including 601 papillary and 109 follicular TC) 

were identified. Coffee consumption (per 100 mL/day) was not associated either 

with total differentiated TC risk. Also, tea consumption (per 100 mL/day) was not 

associated with the risk of total differentiated TC. Scientists concluded that in this 

large prospective study, coffee and tea consumptions were not associated with 

thyroid cancer (TC) risk.82 

A review and meta-analysis in 2018 evaluated the association between risk of 

breast cancer and regular consumption of green tea.  A literature search  (PubMed, 

Scopus, and Web of Science) collected 40 relevant studies but  only 13 records were 

included in the meta-analysis. The pooled sample consisted of 163,810 people. The 

analysis of the results showed an inverse statistically significant relationship between 

green tea consumption and breast cancer risk, especially for breast cancer 

recurrence.83  

Another important type of cancer that is widespread is Ovarian cancer (OC) 

accounting for 4% of female malignancies worldwide. A review used 14 

observational epidemiologic studies of OC and were included in a meta-analysis for 

the estimation of risk ration (RR) compared to tea (non-herbal) consumption. Both 

linear and non-linear models found that ovarian cancer risk decreased as 

the consumption levels of total non-herbal tea increased. However, the dose-

response relationship was stronger for green tea when compared with black tea. 

Scientists concluded that their results suggest that non-herbal tea, especially green 

tea, is associated with a reduced risk of ovarian cancer.84 

A recent paper (2019) investigated the vast array of epidemiological studies 

that have shown that the consumption of tea is inversely associated with the risk of 

several cancers. Also, most studies exploring the anticancer mechanisms in 

experimental studies have revealed that tea reacts mainly through their strong 

antioxidant polyphenols (reduction of oxidative stress and inflammation). Most 

studies focused in epigallocatechin-3-gallate and theaflavinsas as the most effective 

anticancer agents. The review collected in vitro and in vivo studies that have 

demonstrated possible anticancer mechanisms through inhibition on proliferation, 
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anti-angiogenesis, induction of apoptosis, suppression on metastasis, inhibition on 

cancer stem cells, and modulation on gut microbiota. In addition, other studies 

investigated synergetic anticancer effects of tea with drugs or other compounds that 

can promote anticancer therapies. Finally, clinical trials have in the last decade 

elucidated that intervention of tea phytochemicals is effective in the prevention of 

several cancers.85 

 

Tea consumption and neurodegerative diseases 

 

Some studies in the last decade revealed that green tea intake has beneficial 

effects among other diseases, and in neurodegenerative diseases. Several human 

observational and intervention studies have found beneficial effects 

of tea consumption on neurodegenerative impairment, such as cognitive dysfunction 

and memory loss. Most studies supported the preventive effects on Parkinson's 

disease, but few studies have revealed beneficial effects on Alzheimer's disease. 

Acording to scientists, this discrepancy may be due to incomplete adjustment of 

confounding factors (cigarette smoking, obesity, etc) and the need for more rigorous 

human studies.  Laboratory experiments with tea demonstrated the benefits of 

green tea antioxidant catechins (GTCs) acting against abnormal accumulation of 

fibrous proteins, such as Aβ and α-synuclein, inflammation, elevated expression of 

pro-apoptotic proteins, and oxidative stress, which are associated with neuronal cell 

dysfunction and death in the cerebral cortex.86 

Parkinson's disease (PD) is a common motor neurodegenerative disorder 

characterized by nigrostriatal degeneration which might involve oxidative stress, α-

synuclein aggregation, dysregulation of redox metal homeostasis and neurotoxicity. 

Tea consumption has attracted increasing interest among scientists for its abundant 

polyphenols and their strong antioxidant action, but also as the most consumed 

beverages in the world. In the last decade experimental investigations revealed 

consistent antioxidant mechanisms associated with neuroprotective and 

neuroregenerative effects of tea polyphenols. The hypothesis is that anti-oxidant 

and/or anti-chelating properties of tea polyphenols can prevent the aggregation of 
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the αS (α-synuclein) protein  and modulate intracellular signalling pathways, both in 

vitro and in animal models (mechanism leading to Parkinson’s disease). Despite the 

positive results on tea polyphenols and their potential neuroprotective effects, 

clinical studies are still very limited and to date.87 

A recent review (2019) investigated the results of a number meta-analyses that 

focused on tea consumption and the reduced risk of Parkinson's disease due to the 

6% content of L-theanine. Experiments with L-theanine have discovered  

neuroprotective effects, as  a result  of taking an  important part in the biosynthesis 

of tea polyphenols. Also, reviewers point to the fact that L-theanine ameliorates the 

pathophysiological changes associated with Parkinson's disease as it displays 

antioxidant and anti-inflammatory properties, improves motor behavioral 

abnormalities, increases dopamine availability and may cause a favorable downshift 

in neurodegeneration due to glutamate excitotoxicity. The action of L-theanine is 

attributed to its structural analogy with glutamate. The review focused on the 

mechanism of neuromodulatory action of L-theanine and stressed the hypothesis 

that L-theanine being a potent natural agent against L-DOPA induced dyskinesia, 

since long-term reliance on dopamine replacement therapy is linked with elevation 

in glutamate receptor activity.88 

Neurodegenerative diseases such as Parkinson's disease (PD) and Alzheimer's 

disease (AD) impose a heavy burden on society and their families in most countries 

with ageing populations. Scientists have turned to popular dietary practices of 

antioxidants as a means of reducing old age neurodegeration. Tea is an obvious 

candidate withhigh number of bioactive antioxidants (polyphenols), theanine, 

caffeine, and theaflavins that can potentially control neurodegneration.. Until now 

some epidemiological investigations have demonstrated that regularly drinking tea 

can decrease the risk of PD and AD. Particularly, tea’s L-theanine can inhibit the 

glutamate receptors and regulate the extracellular concentration of glutamine, 

presenting neuroprotective effects. Additionally, the neuroprotective mechanisms of 

caffeine and theaflavins may contribute to the ability to antagonize the adenosine 

receptor A2AR and the antioxidant properties, respectively. Thus, scientists argued 

that tea bioactive components might be useful for neuronal degeneration treatment 

in the future.89 
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Conclusions 

Tea, the most popular beverage after fresh water, is consumed by 2/3 of the 

world’s population. There are various types of tea made from the processed leaf 

of Camellia sinensis. A typical cup of tea (especially green) usually contains 250–350 

mg tea solids, of which 30–42% are catechins and 3–6% caffeine. The major active 

constituents of tea are polyphenols that have strong antioxidant activity. Black tea 

contains mainly thearubigins, theaflavins, flavonols and catechins. The total 

polyphenol content of green and black teas is similar depending on processing. 

The habitual consumption of tea (mainly in countries of Asia but also in 

western developed countries) is increasingly being shown to be associated with 

enhanced cardiovascular and metabolic health. Tea polyphenols are involved in 

cellular protection against reactive oxygen species (ROS), reduction of oxidative 

stress and inflammation, supporting the reduction of cardiovascular diseases (CVDs) 

at old age. Also, various epidemiological and clinical studies have shown that tea 

consumption can affect glucose metabolism and insulin signaling, causing beneficial 

health effects on type 2 diabetes (T2D).  In recent years a number of investigations 

gave positive results on the effect of tea in the progression of neurodegenerative 

disorders. The protective effect of tea against neurodegenerative diseases is thought 

to be the result of radical scavenging and iron chelating activity and/or regulation of 

antioxidant protective enzymes.  

But the majority of scientific investigations in the scientific literature are 

documenting the potential anticancer ability of tea constituents. After more than 

one thousand studies, the scientific consensus is that the evidence for associations 

between the consumption of tea and risk of some major cancers was still limited and 

inconsistent. The results from a few clinical trials and epidemiological studies also 

indicated that the preventive effect of tea or its extract on cancer is controversial. 

Some recent systematic reviews on tea consumption and prevention of cancer have 

revealed conflicting results between meta-analyses with prospective and 

retrospective studies. 
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