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Abstract: A preventive effect for tea and its bio active components in cardiovascular health has been 

suggested by the results of several epidemiological studies, treatments utilizing randomized 

controlled trials, and mechanistic investigations. Therefore, scientific interest in green tea's ability 

to prevent cardiovascular diseases (CVDs) is growing. Green tea benefits for the metabolic 

syndrome, which includes diabetes and hypertension but may also raise cholesterol levels. 

Additionally, green tea reduces the mortality from any cause, arrhythmia, stroke, coronary heart 

disease, heart failure, and other conditions. 
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Introduction: Cardiovascular diseases (CVDs) continue to be the world's leading cause of death 

as well as a major contributor to poor health and increased expenses for the healthcare system [1] In 

2019, cardiovascular disease (CVD) was the primary factor in 9.6 million deaths among men and 8.9 

million deaths among women, or about one-third of all fatalities worldwide. 6.1 million of these 

deaths occurred in people between the ages of 30 and 70 [2]. CVDs includes coronary artery disease 

(CAD), hypertension, cardiomyopathy, heart failure, atherosclerosis, dyslipidemia, hyperglycemia, 

strokes and transient ischemic attacks, and other related disorders [3]. Atherosclerosis is the leading 

cause of death from cardiovascular disease worldwide [4]. It is a thickening and hardening of the 

artery wall that occurs with aging and is linked to serious consequences for the cardiovascular system 

and other disorders [5]. Apart from age and distending pressure, identifying precise risk factors for 

arterial stiffening has proven to be a less clear-cut endeavor. An individual's plasma cholesterol level, 

specifically when it exceeds 150 mg/dL, emerges as a significant contributor to the onset and 

progression of atherosclerosis [6]. A common heart ailment called coronary artery disease (CAD) 

causes the narrowing or blockage of major blood vessels. Plaque formation in the intima of the arterial 

wall is the primary cause of CAD [7]. Arterial hypertension (AH) is a primary risk factor for 

cardiovascular disease development. The disease is expected to afflict 10% to 20% of the adult 

population and is responsible for 5.8% of all fatalities worldwide [8]. Natural remedies are becoming 

more and more popular as complementary or even primary methods of maintaining heart health, 

despite the fact that conventional medical treatments for cardiovascular diseases have made great 

progress. This change in strategy reflects a growing understanding of the substantial effect of lifestyle 

decisions and holistic therapies on cardiovascular health [9,10]. Herbs have been employed as 
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medical therapies since the dawn of time, and several derivatives (for example, aspirin, reserpine, 

and digitalis) have become mainstays of human pharmacology. Herbal remedies for cardiovascular 

disorders have been used in patients suffering from congestive heart failure, systolic hypertension, 

angina pectoris, atherosclerosis, cerebral insufficiency, venous insufficiency, and arrhythmia [11,12].  

The act of drinking tea is a widespread cultural activity that connects individuals from different 

parts of the world. Black Tea, Oolong Tea and Green Tea are the three major types consumed globally 

with Green Tea being a standout due to its polyphenolic content such as catechins [23]. Stats show 

that out of around 2.5 million tons produced every year worldwide approximately 20% is attributable 

to Green Tea. The beverage is particularly popular in Asia, North America, North Africa, and Europe 

[13,14]. Among its polyphenols Four types of catechins i.e., Epicatechin, Epigallocatechin, Epicatechin 

- 3 Gallate and EGCG are especially abundant [15].  

Over time, several pieces of evidence have been there supporting the notion that habitual 

drinking of tea - especially green tea can lead to better health outcomes including lower risk factors 

for diseases like heart attack or stroke [16,17]and some cancers [18,19]. Apart from these benefits it 

may also help maintain oral hygiene levels [14] regulate body weight levels [20],  prevent fibrosis 

[21,22] increasing bone mineral density [23,24] providing antiviral benefits [21,25,26] and 

neuroprotection properties [27–30].  

In this review, we set out to discover the complex relationship between cardiovascular health 

and alternative remedies. We go into the world of plant-based medicines, dietary changes, physical 

activity, and mindfulness techniques, all of which provide potential options for preventing and 

controlling cardiovascular disease. We hope to shed light on the compelling potential of natural ways 

in protecting one's heart health by reviewing the most recent scientific studies and insights. Our 

journey will traverse the diverse spectrum of natural treatments, investigating their mechanisms of 

action, evidence-based advantages, and practical uses. We'll learn how nature's offerings, which are 

often steeped in old traditions, are convergent with modern scientific understanding to provide a 

holistic approach to cardiovascular health as we embark on this journey.  

The Bioactive Components of Green Tea: Green tea is composed of 75-80% water and polyphenol 

components (flavanols, flavandiols, flavonoid, and phenolic acid), with catechins accounting for 

more than 75% of the polyphenol chemicals found in tea leaves. Catechins, epigallocatechin gallate 

(EGCG), and various antioxidants play pivotal roles in conferring numerous health benefits. 

 

Figure. 2D and 3D molecular structures of active flavonoids of green tea. 
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Catechins: Catechins are a subclass of flavonoids, a group of polyphenolic substances that are 

widely present in green tea. They are mostly responsible for the bitterness and astringency of green 

tea. The major catechins in green tea include epicatechin (EC), epicatechin gallate (ECG), 

epigallocatechin (EGC), and the most abundant and bioactive of all, epigallocatechin gallate (EGCG). 

Catechins have strong antioxidant capabilities that aid in the neutralization of damaging free radicals 

in the body. They are also linked to a variety of health benefits, including cardiovascular protection, 

improved cholesterol levels, and anti-cancer properties . 

Epigallocatechin Gallate (EGCG): EGCG is the most researched and bioactive catechin in green 

tea, accounting for a major amount of its health-promoting properties. EGCG is a well-known 

antioxidant, and it has been claimed that this flavonoid inhibits the inflammatory processes that 

contribute to transformation, hyperproliferation, and the onset of carcinogenesis.  

Antioxidant: Antioxidants are synthetic or natural chemicals that can prevent or postpone 

certain types of cell damage. Green tea is a rich source of antioxidants, which contribute to its overall 

health benefits. Green tea's antioxidants are essential for shielding cells and tissues from oxidative 

damage, which is linked to a number of chronic illnesses, including cancer and cardiovascular 

conditions. These antioxidants may also strengthen the immune system, benefit skin health, and 

advance general wellness. 

 

Figure. The safeguard mechanism of green tea in cardiovascular health. 

Effect of Green Tea in different diseases: Studies show promising effects of green tea on obesity 

management by enhancing fat metabolism through suppression of adipogenesis increasing energy 

expenditure while also reducing food intake - but the precise molecular mechanism remains under 

investigation [31,32].  

Data further suggests a role for increasing green tea consumption (an easily controllable lifestyle 

factor) in reducing the risk of cardiovascular disease (CVD) through modifications such as improved 

diet. This is evidenced by significant reductions in total cholesterol levels along with decreased 

systolic/diastolic blood pressure seen among both healthy adults and high-risk CVD patients [17].  

Implicating the mechanisms behind several cancers epigenetic alterations motivated researchers 

to explore flavonoids' ability to reverse chromatin changes - including those found within prostate 
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cancer [18]. Results show regulatory induction of oncogenes and tumor suppressor genes via 

enzymes like DNMT, HAT, HDAC which may help prevent and/or slow progression of cancer. 

Additionally, flavonoids have been shown to restore miRNA and lncRNA expression often disrupted 

during disease states [18]. Flavonoids have emerged as a promising natural solution for cancer 

prevention and treatment - including prostate cancer - due to their ability to prevent carcinogenesis 

and combat existing cancer cells [33,34] 

A particularly compelling compound among them is EGCG - the primary catechin found within 

green tea which has demonstrated an ability to inhibit neutrophil elastase activity [20]. Studies have 

highlighted its efficacy at suppressing reactive oxygen species activity while preventing apoptosis 

among activated neutrophils [35,36]. EGCG was also shown to effectively limit chemokine induced 

neutrophil chemotaxis even at comparatively low concentrations during in vitro experiments [37]. 

Moreover, oral administration of both EGCG and green tea extract was found to block neutrophil 

mediated angiogenesis in vivo within an inflammation related angiogenesis model [38]. Finally, it is 

worth noting that green tea extract enhanced resolution in a pulmonary inflammation model and 

significantly reduced subsequent fibrosis when administered orally [39]. These findings provide 

strong evidence for the anti-inflammatory properties of EGCG - with significant therapeutic 

potential. 

Research reveals that green tea catechins have properties which can inhibit proteases responsible 

for cancer metastasis, influenza, and HIV infections; however, adenovirus has no current viable 

therapies available for it at present. Therefore, scientists investigated green tea catechins specifically 

epigallocatechin 3 gallate (EGCG) on how it could affect both adenovirus infection as well as viral 

protease (adenain) by conducting research using cell cultures [40]. The study demonstrated that 

adding EGCG during the transition from early-stage infection to late stage resulted in highest 

efficiency thereby indicating inhibition of one or multiple late stages of infectious process.  

Contrast media can cause kidney damage by causing the production of reactive oxygen species 

(ROS). However, green tea has been found to be a powerful scavenger of free radicals. In an animal 

study, Hamid Nasri and colleagues demonstrated the beneficial effects of green tea in preventing 

nephrotoxicity caused by contrast media. This suggests that green tea extract may be a safe and cost-

effective intervention for patients at risk of developing nephrotoxicity when undergoing contrast 

media treatment [9,41].  

Consumption of green tea causes low levels of intact EGCG to enter the brain parenchyma 

through the BBB [42,43]. This appears to promote neurite outgrowth while also preventing cognitive 

dysfunction. Further research suggests metabolized EGCG continues promoting neurite outgrowth 

even after it vanishes from our bodily systems. Through antioxidant activities like scavenging free 

radicals or chelating metals within our brain tissue; Polyphenols found in green tea act as powerful 

cognitive tools [44]. Research has shown that drinking this potent beverage can help suppress 

cognitive decline by delivering vital resources like antioxidants which reduce overall oxidative 

damage while also significantly decreasing lipid peroxidation levels within brain cells [45].  

Through natural polyphenol compounds found within green teas, neuronal plasticity loss seems 

to reverse naturally as each endogenous antioxidant works together to improve neural growth factors 

while reducing neuroinflammatory pathways [46]. Additionally, these natural agents can regulate 

apoptosis - improving overall cell health across a wide range of damaging neurological diseases 

including Alzheimer’s disease (AD), Multiple Sclerosis [47,48]& Parkinson’s disease (PD) [49]. Most 

notably - EGCG within green tea catechins has been studied extensively in laboratory settings for its 

positive effects on reducing cellular dysfunction and death associated with inflammation, pro 

apoptotic protein expression and oxidative stress in the cerebral cortex. By virtue of a computational 

molecular docking analysis EGCG emerges as an effective inhibitor of fibrous protein accumulation 

[50–52].  

It follows that GTCs could be employed to treat neurodegenerative disorders with great success 

thus paving the way for novel pharmaceutical treatments [53]. EGCG holds excellent potential as an 

AD treatment option when administered directly to cholinergic neurons at therapeutic levels - in 

addition to its widely acknowledged anti-inflammatory and antioxidative properties [54]. Brain 
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aging is linked with oxidative damage dysregulated redox metal homeostasis and inflammation; 

thus, various therapeutics such as bioenergetic agents or metal complexing agents are used alongside 

antioxidants [50,55]. Among all dietary antioxidants available currently plant-based polyphenols 

(flavonoids or non-flavonoids) are by far the most promising type of nutraceutical for neutralizing 

stress induced free radicals and inflammation. Research conducted on both humans and animals 

suggests that green and black catechin flavonoids can be quite effective in protecting against brain 

aging while reducing risk factors associated with dementia, AD or PD [56,57]. Beyond its well-known 

antioxidant capabilities research suggests that green teas catechins also contribute to neuron viability 

by influencing cell survival genes signal transduction pathways and mitochondrial function [58,59]. 

As such natural compounds like green tea present an exciting possibility as a cytoprotective therapy 

for neurodegenerative diseases.  

Green Tea's Role in Cardiovascular Health:  

Numerous epidemiological studies have consistently indicated a positive association between 

the consumption of green tea and a reduced risk of cardiovascular disease (CVD) [60–62]. In a 

significant population-based study spanning 11 years from 1995 to 2005, which involved over 40,000 

middle-aged Japanese individuals, the findings were striking. Those who consumed more than two 

cups, roughly equivalent to about 17 ounces, of green tea daily experienced a substantial reduction 

in their risk of cardiovascular disease-related mortality. Specifically, their risk was lowered by an 

impressive range of 22% to 33% when compared to individuals who consumed less than half a cup 

of green tea per day. This study underscores the potential protective effect of green tea against 

cardiovascular disease in a real-world setting [61,63–65]. Cross-sectional research found that, 

compared to people who consumed less than 120 ml per day, those who drank between 120 and 599 

ml of green tea daily for at least a year had a 46% lower risk of hypertension and a 65% lower risk 

[76]. Additionally, in participants undergoing coronary angiography, a negative correlation was 

shown between daily consumption of more than two cups of green tea and coronary atherosclerosis 

[62]. Although it was said that there was no inverse relationship between consumption of green tea 

and coronary artery disease, consumption of green tea was discovered to be inversely related to 

myocardial infarction [77]. Numerous research on animals have shown that green tea has 

cardioprotective properties. Treatment with (10 mg/kg) EGCG in apolipoprotein E-null mice 

decreased the proliferation of vascular smooth muscle cells and the activation of redox-sensitive 

genes in vitro while increasing the antioxidant capacity of local vascular tissue and systemic 

circulation [78], . A group of researchers from Unilever Research Laboratorium, Vlaardingen, The 

Netherlands has been observed that drinking green tea appeared to lower the development of aortic 

lesions by 31% in hypercholesterolaemic female New Zealand white rabbits [79]. On cultures of rat 

cardiac myoblasts subjected to hypoxia/reoxygenation (H/R) damage, the protective effects of EGCG 

combined with zinc were evaluated. Three hours of hypoxia were followed by one hour of 

reperfusion on H9c2 cells. Prior to inducing hypoxic stress, EGCG and/or zinc were perfused. It was 

shown that the anti-apoptotic action was greatly increased when EGCG interacted with zinc [80]. 

Green tea supplementation significantly reduced atherogenesis via improved lipid metabolism as 

well as a direct influence on oxLDL and autophagy flux in the vessel wall. [73,81]. Another study 

observed, Polyphenols inhibit mitochondrial reactive oxygen species and consequent cell swelling in 

bEnd.3 mouse brain endothelial cells (CRL-2299) after ischemia, potentially reducing brain edema 

and accompanying neurological damage [82,83]. A meta-analysis included 14 eligible randomized 

controlled trials with 1136 participants. Green tea drinking substantially reduced TC concentration 

by 7.20 mg/dL (95% CI:8.19,6.21 mg/dL; P 0.001) and LDL-cholesterol concentration by 2.19 mg/dL 

(95% CI:3.16,1.21 mg/dL; P 0.001) [84]. 

Table 1. The animal study of green tea with cardioprotective effect. 

Experimental Design Result Ref. 

Rats fed a high fat diet and treated 

with different tea extracts for 8 weeks 

Chinese green tea significantly lowered 

serum and hepatic cholesterol and 

Yang et al. 

[66] 
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atherogenic index and increased the HDL-

total cholesterol 

Sprague-Dawley rats treated with 

Lung Chen tea for 8 weeks 

Lung Chen tea treatment dramatically 

reduced blood cholesterol while 

increasing fecal bile acid and cholesterol 

excretion. 

Yang et al. 

[67] 

Male SHRSP rats fed green tea 

polyphenols for 3 weeks. 

Systolic and diastolic BP were 

significantly lowered 

Negishi et 

al. [68] 

Atherosclerosis-prone C57BL/6J 

apoprotein (apo)E-deficient mice were 

given an atherogenic diet 

supplemented with green tea extracts 

for 14 weeks 

In the tea group, plasma lipid peroxides 

were decreased.  

Miura et al. 

[69] 

Apolipoprotein E-null mice, 

possessing both developing and well-

established atherosclerotic lesions, 

received intraperitoneal injections of 

EGCG over a 42-day period. 

The administration of EGCG led to an 

augmentation in antioxidant capacity 

within the vascular tissue at the local level 

as well as throughout the systemic 

circulation. 

Chyu et 

al.[70] 

Male Wistar rats treated with green 

tea extracts for 14 days 

Tea extract reduced the area of the intima 

and the ratio of the intimal area to the 

medial area 

Chen et 

al[71] 

During a 5-week treatment period, 

cholesterol-fed rats were administered 

green tea polyphenols, and their 

outcomes were compared to those of 

rats given probucol. 

Green tea polyphenols effectively 

suppressed LDL oxidation and 

concurrently increased the antioxidative 

activity in the serum. 

Yokozawa 

et al. [72] 

New Zealand white rabbits were fed a 

high-fat diet with added cholesterol 

and given either black tea or green tea 

in their drinking water for 21 weeks. 

Green tea consumption showed a 

tendency to decrease the formation of 

aortic lesions, while black tea, vitamin E, 

and beta-carotene exhibited no discernible 

effects. 

Tijburg et al. 

[14] 

Male New Zealand white rabbits were 

provided with a hypercholesterolemic 

diet supplemented with green tea for 

a duration of 17 weeks. 

The consumption of green tea resulted in 

a reduction in atherosclerosis and a 

notable decrease in the expression of 

VEGF (Vascular Endothelial Growth 

Factor) within the atherosclerotic plaque 

located in the rabbit aorta. 

Kavantzas 

et al.[73] 

Male Zucker rats were fed a diet 

consisting of 50% sucrose and 15% 

butter, and this diet was 

The use of powdered green tea 

significantly reduced body weight and 

resulted in a notable decrease in plasma 

total cholesterol levels.  

Hasegawa 

et al.[74] 
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supplemented with green tea powder 

for a period of 10 days 

Wistar rats were provided with a diet 

high in cholesterol and fat, and this 

diet was supplemented with EGCG 

for a duration of 4 weeks. 

In the group that was fed a diet containing 

1% EGCG, there was a significant 

reduction in total cholesterol and LDL 

levels. 

Raederstoff 

et al.[75] 

Ovariectomized rats infused with 

green tea extracts for 8 hours. 

Green tea extracts exhibited a dose-

dependent reduction in the lymphatic 

absorption of cholesterol. 

  Wing Sum 

et al.  

Mechanisms of Action: Several protective mechanisms are involved in the cardioprotective 

functions of green tea.  

Antioxidant Properties: Free radicals are extremely active molecules created during cellular 

respiration and normal metabolism, and reactive oxygen species (ROS) are linked to physiological 

and pathological processes in animals [85]. In live animal studies, it has been demonstrated that tea 

polyphenols elevate the concentrations of rat serum catalase (CAT), glutathione peroxidase (GSH-

Px), and superoxide dismutase (SOD), while concurrently decreasing the generation of 

malondialdehyde (MDA) [68,86]. These discoveries indicate that tea polyphenols play a role in 

modulating the oxidoreductase system, enhancing the body's antioxidative capacity, and 

safeguarding against oxidative stress induced by bacterial infections and intestinal damage [87].  

Due to hyperglycemia and hyperlipidemia NOX1 enzyme activity and endothelial nitric oxide 

synthase (eNOS) uncoupling may elevated ROS levels and decreased vascular function [88,89]. Apart 

from the build-up of reactive oxygen species (ROS), elevated glucose levels also lead to diminished 

cell viability and hinder the NRF2/ARE signaling pathway. This occurs through the increased 

expression of KEAP1 and decreased expression of monomethyltransferase SET8 in HUVECs. 

Conversely, augmenting SET8 expression counteracts the inhibitory effects of high glucose on the 

KEAP1/NRF2/ARE pathway and endothelial oxidation [90]. NRF2 and its target genes are activated 

in coronary arterial endothelial cells by hyperglycemia-mediated oxidative stress, and HFD-induced 

vascular ROS and endothelial dysfunction are even more severe in Nfe2l2-KO mice, indicating that 

activation of NRF2 pathways confers endothelial protection under obesity and diabetes conditions 

(87)[91,92] . EGCG has been proven to activate NRF2, offering a promising new approach for the 

prevention and treatment of atherosclerosis. Acacetin, a natural flavone, is an anti-inflammatory and 

antiarrhythmic agent that is extensively used in the treatment of myocarditis [93].  EGCG may 

reduce myocardial oxidative stress and free fatty acid levels, hence preventing the development of 

heart failure in mice caused by a heart/muscle-specific deletion of manganese superoxide dismutase 

[94,95]. 

Anti-inflammatory Properties:  

One essential component of green tea's cardioprotective qualities is its anti-inflammatory impact 

on heart function. Green tea contains bioactive chemicals, mainly catechins, which are principally 

responsible for this impact. In order to reduce cardiovascular system inflammation, these substances 

cooperate. 

Pro-Inflammatory Pathways Inhibition, Green tea catechins, mainly (EGCG), have been 

identified to interfere with pro-inflammatory signaling pathways. Institute of Microbial Chemistry, 

Japan has been observed the reduction of TNF a and IL-1 in the rats treated with green tea [96], [33]. 

GTCs have anti-inflammatory effects in a variety of disorders by suppressing inflammatory cytokine 

production. EGCG reduced the production of inflammatory factors such as toll-like receptor-4, 

nucleic factor-B (NF- B), and inducible nitrogen oxide synthase (iNOS), as well as the release of TNF-

, IL-1, and IL-6 [87].  

Reduced Leukocyte Adhesion, White blood cells (leukocytes) frequently adhere to the 

endothelial lining of blood arteries during chronic inflammation. Green tea catechins assist to 
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suppress this process, preventing immune cells from accumulating in the vessel walls. This 

minimizes the risk of cardiac damage caused by inflammation.  

Conclusion: The results of several clinical and experimental investigations as well as 

epidemiological data suggest that drinking green tea may have positive effects on cardiovascular 

health. Catechins may be the primary elements in green tea that have vascular protective properties 

because they are the main polyphenolic chemicals found in it. 

Conflict of interest: The authors declare that they have no conflict of interest. 
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