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Abstract: Catechins are polyphenolic phytochemicals with many important physiological activities
that play a multifaceted health care function in the human body, especially in the prevention of
cardiovascular disease. In this paper, various experimental and clinical studies have revealed the
role of catechins in the prevention and treatment of cardiovascular disorders, and we review the
preventive effects of catechins on cardiovascular disease from the following aspects: Regulating
lipid metabolism, regulating blood lipid metabolism, vascular endothelial protection, and reducing
blood pressure.
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1. Introduction
Catechins are polyphenolic phytochemicals that are widely distributed in food and medicinal
plants, especially in all kinds of tea, and endow tea with various health benefits [1–3]. A growing
number of studies have linked intake of catechins-rich foods with the prevention of human chronic
diseases, and laboratory studies have demonstrated the potential preventive activity of catechins in
laboratory models of cardiovascular disease [4]. In general, cardiovascular diseases and cerebrovascular
diseases are collectively called cardiovascular disease, which are caused by hyperlipidemia, high
blood viscosity, atherosclerosis, hypertension, and so on, which lead to ischemic or hemorrhagic
disease [5,6]. Nowadays, cardiovascular disease has become a common disease. Irregular life and
unhealthy diets cause more people to suffer from cardiovascular diseases, such as obesity, fat deposits,
and so on [7]. Tea contains catechins, caffeine, and many kinds of beneficial active materials, which
play an important role in human health [8–10]. In particular, catechins have a significant effect on the
prevention of cardiovascular disease [11–13]. Many clinical and epidemiological studies have examined
the actions of catechins in terms of anti-carcinogenic [14], anti-tumorigenic [15], anti-mutagenic [16],
anti-diabetic [17], and anti-obesity effects [18]. This paper has reviewed the preventive effects of
catechins on cardiovascular disease, which were published in the past few decades.
2. Catechins
Catechins are the generic terms of flavanols, as well as the most important substance of tea
polyphenol, which is mainly divided into four kinds of compounds (Figure 1): epicatechin (EC),
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Figure 1. The structures of four kinds of catechins: epicatechin (EC), epigallocatechin (EGC), epicatechin
gallate (ECG), and epigallocatechin gallate (EGCG) [25].
gallate (ECG), and epigallocatechin gallate (EGCG) [25].
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4. Catechins Regulate Blood Lipid Metabolism
Lipid metabolic disorders are the pathologic antecedent of atherosclerosis (AS), which is the
main cause of coronary heart disease, cerebral infarction, and peripheral vascular disease [32–34].
Hyperlipidemia plays a promoting role in the risk of AS, and the increased lipid peroxide (LPO) in
serum may lead to platelet aggregation in vivo, with the result that it will cause AS in the damaged
body [35,36]. Ruidavets et al. reported that catechins could enhance the activities of antioxidant
enzymes by scavenging excess free radicals and improving the vitality of intracellular catalase and
superoxide dismutase to inhibit oxidative damage, reducing lipid peroxidation to protect the body,
based on participants’ blood samples [37]. In addition, EGCG was shown to promote the expression of
p53, p21, and NF-κB, thus inducing the apoptosis of vascular smooth muscle cells so as to inhibit the
development of atherosclerosis [38]. In addition, catechins can reduce the accumulation of cholesterol
and its oxidation products in artery walls when it is combined with free radicals in vivo, thus
improving blood circulation in order to play a part in the prevention of AS [39]. Studies have found that
different kinds of catechins may improve the levels of serum triglyceride, total cholesterol, low-density
lipoprotein cholesterol, and apolipoprotein B, thereby reducing the blood fat deposition [40]. Moreover,
catechins can catalyze the activities of superoxide dismutase in serum and liver, as well as exert its
oxidation resistance through the formation of half quinone radicals [41,42]. Further, it was found that
EGCG could inhibit the oxidation of low density lipoprotein (LDL) induced by Cu2+ and increase its
anti-oxidation in vivo, thus reducing the risk of cardiovascular disease [43].
5. Protection of Vascular Endothelium from Catechins
The vascular endothelium is a simple monolayer of inner blood vessels that separates blood and
peripheral tissues, and it maintains homeostasis by regulating vascular tone [44]. Vascular endothelium
can maintain blood vessel balance and protect endothelial tissue from lipid deposition, and can cause
vascular endothelium thickening and hardening, which result in narrow blood vessels, occlusion,
and myocardial blood supply insufficiency, which can lead to hypertension and other kinds of
cardiovascular disease [45–48].
Catechins play an important role in the improvement of the vascular endothelial environment and
in the prevention of dysfunction, which mainly works through the following ways so as to eliminate
excessive active free radicals in order to prevent the oxidation of lipids in the human body [49,50].
The active sites of EGCG chelate with metal ions to form an inactivated complex that could reduce
the catalytic effects of metal ions in the oxidation reaction and effectively remove surplus active free
radicals from the human body, thus reducing the damage to the vascular endothelium and decrease the
possibility of thrombosis (Figure 2) [51]. High-speed electrons are transferred by EGCG at the site of
reactive oxygen species (ROS)-induced free radical so as to reduce the oxidation reaction. Meanwhile,
EGCG is easily oxidized, and can form a quinone structure on the B-ring or D-ring, and then it
will form stable half quinone free radicals, thereby reducing the oxidation reaction [52]. Nitric oxide
(NO)—an endothelium-derived relaxing factor—is generated during the conversion of L-arginine
to L-citrulline by endothelial NO synthase in the presence of various substrates and co-factors [53].
NO is a fundamental determinant for maintaining vascular function. Catechins can stabilize NO
when blood vessels are damaged, and 10 µg/mL of EC could cause the phosphorylation of nitric
oxide synthase serine residues 633 and 1177, as well as the dephosphorylation of threonine residues
495, which can strengthen the activity of eNOS and increase the release of NO, and then delay the
signals from hemodynamic changes accepted by endothelial cells in the body, which avoid endothelial
cells from causing a strong stress response in order to reduce the formation of blood clots [54,55].
Improvements in vascular endothelial dysfunction might potentially contribute to the beneficial effects
of tea catechins in the treatment of patients with hypertension.
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