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Abstract. Due to the changes in people's diet structure caused by economic development, cardio-
metabolic disease has also become a concernthat more people care about or need to alleviate.
(Poly)phenols, a chemical widely found in natural plants or fruits, such as, berries and tea, are
thought to play an important role in alleviating cardiometabolic disease. As a result, (poly)phenols
rich foods can offer positive effects in general cardiovascular system, and multiple evidence present
in helping improve glycemic control, blood pressure and blood lipid level. However, controversy
remains , especially in their effects on relieving metabolic syndrome, and the effects of (poly)phenol-
rich foods on the cardiovascular system could be differed based on origin, for example, quercetin is
associated with blood pressure, but cannot contribute to blood glucose problem as much as they
provide in hypertension, while anthocyanins signally relieve glycemic disorder. Meanwhile, details
such as the daily intake of (poly)phenols with health benefits remains to be explored.
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1. Introduction

Cardio-metabolic diseases, including heart attack, diabetes, stroke, insulin resistance, and so on,
typically being a series of high prevalence diseases and widely concerns. The number of cases has
increased widely and reached 14.4% in USA in 2018 (Cheng et al. 2022). Cardio-metabolic diseases
are multifactorial disorders that may involve several different factors, including changes in diet,
lifestyle, and genetic factors. Modifying daily diet is one of the most common ways to ameliorate or
prevent cardio-metabolic disease. It has been found that various nutrients can impact the risk of
cardio-metabolic diseases, like saturated fatty acids, which could raise the risk, and (poly)phenols, in
opposite, can improve the symptoms (Lopez-Jaramillo et al., 2018).

According to previous studies, (poly)phenols, a series of compounds that naturally occurs largely in
plant food products, such as, tea, coffee, and cocoa, are able to help effectively prevent chronic
diseases and decrease the risk of cardio-metabolic diseases (Giacco et al., 2019).

Polyphenols, as a large class of heterogeneous phytochemicals containing phenolic rings, their
abundant sources have led to diverse structures, and are roughly divided into four categories:
flavonoids, phenolic acids, styrines and lignans. Flavonoids include flavones, flavonols flavanols,
flavanones, isoflavones, and anthocyanins, mostly of which are relatively common polyphenols.
Other high-profile (poly)phenols, such as, resveratrol, the most studied stilbene compound in grapes,
grape products and red wine (Manach et al., 2004). The richest source of lignans is flaxseed, mainly
in the form of isoresinol (Manach et al., 2004), and the most common phenolic acids refer to caffeic
acid and ferulic acid found in grains (Manach et al., 2004). Different structures or functional groups
can also lead to differences in health effects, for example, some polyphenols may have nitrogen-
containing functional substituents as polyphenolic amides, like capsaicinoids in chili peppers, which
have been found to have significant antioxidant and anti-inflammatory properties (Davis et al., 2007).

In this review, we present evidence focus on the effect of (poly)phenol-rich foods on cardio-metabolic
disease risk, including reducing blood pressure and blood lipid incidence, improving glycemic control
and other metabolic syndromes. For each following section, we searched and summarized different
papers, including meta-analysis, randomised control trials, cohort studies and case-controlled studies,
and based on different associated factors as evidence for the important role of (poly)phenol-rich foods
in theimprovement of cardio-metabolic diseases.
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2. Method

This is a review of the current literature on the (poly)phenols and cardio-metabolic disease risk, the
literature search was performed in PubMed included the following keywords combined: cardio-
metabolic health, (poly)phenol, type 2 diabetes, cardiovascular disease, metabolic syndrome, blood
pressure, coffee, tea, cocoa, type 2 diabetes, cardiovascular diseases, blood pressure. The inclusion
criteria were peer-reviewed human studies, meta-analyses and systematic reviews from 2004 to May
31st 2023, so that the focus is (poly)phenol-rich foods on associations with cardio-metabolic health.

3. Result
(Poly)phenol-rich food and cardiovascular disease

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality globally, accounting for
44% of all non-communicable disease deaths and 32% of all causes of deaths (GBD, 2018). For CVD,
the common comprehensive criteria used to assess cardiovascular health generally
includetriglyceride(TG) level , systolic blood pressure (>130mmHg), total cholesterol(>4.1mmol/L) ,
low-density lipoprotein cholesterol (LDL-C)(>3.5mmol/L), or high-density lipoprotein cholesterol
(HDL-C) levels (<1.19mmol/L)base on the Framingham Risk Scope(FRS) and Cardiovascular Life
Expectancy Model (CLEM)(Province of BC, 2021; Anderson et al., 2016)while (poly)phenols
showed benign interference with multiple factors that influence cardiovascular disease, such as,
lowering blood pressure and lipids levels, as well as assisting endothelial dysfunction. A study
conducted in 2015 focused on the effect of quercetin on improving blood pressure and endothelial
function (Brtill et al., 2015). In this double-blind, placebo-controlled crossover trial, 70 participants
were randomized to receive 162 mg/day of quercetin, an onion peel extract, or placebo, for a 6-week
treatment period and another 6-week washout period. As a result, in the subgroup of hypertensive
participants, quercetin significantly reduced systolic blood pressure (SBP) by 3.6 mmHg (p = 0.022)
comparing with placebo group (mean difference in treatment was -3.9 mmHg; p = 0.049), and the
improvement in blood pressure was considering to be secondary to the improvement in endothelial
function.

Hypertension and dyslipidemia are also part of the more concerned conditions in CVD and will be
discussed further in the following sections. In general, multiple evidence has proven that
(poly)phenols could improve CVD by reducing blood pressure, lipids and endothelial dysfunction,
however, controversy remains, and the result may be affected by exact (poly)phenols bioavailability
or intake level (Poti et al., 2019).

(Poly)phenol-rich food, body weight, and metabolic syndrome

Overweight or obesity is a common concern across the world recently, which could lead to
hypertension, altered lipidlevels, and inflammation. Metabolic syndrome had an average prevalence
of 31% and was associated with a two-fold increased risk of coronary heart disease, cerebrovascular
disease, and a 1.5-fold increased risk of all-cause death (Engin, 2017). Obesity, especially abdominal
obesity, is considered to be associated with increased risk of type 2 diabetes and cardiovascular
diseases (Engin, 2017). For metabolic syndrome, the main treatment strategy is still weight loss, in
addition, pharmacotherapy and nutritional treatment are proven to have beneficial effectiveness
(Mitjavila et al., 2013). In the field of obesity and metabolic syndrome, the more concerned
(poly)phenols are resveratrol and curcumin. Interestingly, even if they belong to different structure
group (resveratrol is a stilbene and curcumin is phenolic acid) with different metabolism pathway,
they showed similar physiological characteristics in the same field Curcumin, a (poly)phenols found
mostly in ginger, has been proven to reducing angiogenesis and lipogenesis by inhibiting the
expression of a specific enhancer (CCAAT) binding protein alpha and peroxisome proliferators-
activated receptors (PPAR) and lowering cholesterol levels, as well as modulating the expression of
glucose transporters to stimulate insulin secretion (Jabczyk et al., 2021), as seen in a randomized
double-blind clinical trial in 2021 investigating the effects of curcumin nanoparticles on metabolic
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syndrome patients. The study showed that supplementation with 80 mg/day of curcumin nanomicelles
for 12 weeks significantly reduced plasma TG levels (p = 0.03) and homeostasis model-assessed B-
cell dysfunction (HOMA-B) compared with placebo (Bateni et al., 2021). Resveratrol, which is a
natural (poly)phenols found widely in plants, fruits and wine, can reduce fat production in a variety
of ways, such as inhibiting PPARY in fat cells to promote lipolysis and fat loss, or inhibiting CAMP-
specific phosphodiesterase to regulate sugar and lipid metabolism and protein synthesis (Chaplin,
Carpéné & Mercader, 2018). However, the research on resveratrol is controversial, and lack of latest
experiment data. Most of the experiments focus on rodents have shown that resveratrol is able to
inhibit the accumulation of fat in the liver (Wang et al., 2015; Alberdi et al., 2011), while the results
in human experiments is more diverse, and many experiments have failed to prove the effect of
resveratrol on fat inhibition (Poulsen et al., 2013), and meanwhile, some have confirmed its beneficial
effect (Méndez-del Villar et al., 2014).

In summary, more studies, especially in human studies, are needed to draw further conclusions about
the association between (poly)phenols foods and obesity and metabolic syndrome.

(Poly)phenol-rich food and glycemic control

Type 2 diabetes(T2D) , as a chronic metabolic disorder mainly characterized by abnormal glucose
metabolism, is usually accompanied by cardiovascular diseases, retinopathy, nephropathy,
neuropathy and other complications, the prevalence is rising so rapidly that it is expected to reach
592 million by 2035 (Guariguata et al., 2014). Therefore, the alleviation method of T2D and its related
diseases has become a vital point of research, while multiple (poly)phenols have been considered to
be associated with glycemic control and able to lower the risk of T2D, such as flavonoids and phenolic
acids. The hypoglycemic mechanism of (poly)phenols is related to decreasing carbohydrate digestion
and glucose absorption and stimulating insulin secretion by inhibiting small intestinal brush
salivarium and pancreatic a-amylase and a-glucosidase (Kim, Keogh & Clifton, 2016), as well as
improving glucose uptake in surrounding tissues (Hanhineva et al., 2010). Phenolic acids, most
commonly come from tea and coffee, have been highly anticipated, but the consequence is diverse.
A meta-analysis of seven randomized controlled trials on green tea or green tea extracts shows tea
intake did not affect the glucose level (Wang et al., 2014), while another set of meta-analyses (Zheng
et al., 2013) indicated that green tea catechins with or without caffeine reduced fasting blood glucose
(-1.48 mg/dL; 95% CI —2.57 ~—0.40 mg/dL).However, fasting insulin, glycated hemoglobin (HbA1c)
or homeostasis model assessment of insulin resistance (HOMA-IR) index were not affected. Its
subgroup analyses also found that the hypoglycemic effect of green tea intake was observed when
the median follow-up time was more than 12 weeks, indicating that longer trials may be needed obtain
more definitive (poly)phenol health effects. In addition to phenolic acids, anthocyanins, as a common
type of flavonoids, have a significant association with T2D as higher anthocyanin intake is associated
with a lower risk of T2D (Wedick et al., 2012). A randomized controlled trial was carried out in
pregnant women with obese to explore the dietary intervention on the risk of gestational diabetes
(Basu et al., 2021). In this study, participants in the dietary intervention group were provided frozen
blueberries and soluble fiber as supplement for 18 weeks. As a result, the level of blood glucose (100
+ 33 mg/dL compared with 131 + 40 mg/dL, p < 0.05), maternal weight (mean + SD: 6.8 £ 3.2 kg
compared with 12.0 = 4.1 kg, p= 0.001) and C-reactive protein (baseline: 6.1 + 4.0 compared with
6.8 = 7.2 mg/L; midpoint: 6.1 = 3.7 compared with 7.5 £ 7.3 mg/L; end: 5.5 £ 2.2 compared with
9.5 £ 6.6 mg/L, respectively, p = 0.002) were significantly lower in the dietary intervention than in
the control group, while another study found the similar trend through the intake of apples, pears and
blueberries (Wedick et al., 2012). However, besides anthocyanins, other part of the flavonoids, such
as flavanones, flavonols, or even the total flavonols level, though previously considered to be anti-
diabetic (Sun et al., 2015), subsequent studies have contradicted the previous conclusions (Sun et al.,
2015) (Song et al., 2005), indicating their effect is unclear. The cyanidin3-O-B-glucoside (C3G) and
metabolite protocatechuic acid (PCA) from anthocyanins are thought to lead to the unique effect that
most other flavins do not have. Experiments by Scazzocchio et al. treated human retinal fat cells and
mouse cells with 50umol/L C3G and 100pmol/L PCA, after which both experimental compounds
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were observed to counteract the decline in glucose uptake and reverse defective GLUT4 translocation
with insulin in both treated and untreated cells (Scazzocchio et al., 2011).

In summary, evidence is present to indicate that (poly)phenol-rich food can lead to improved
glycemic control, while the type and origin of (poly)phenols maybe limited, and more study is needed
to make more specific conclusion.

(Poly)phenol-rich food and blood pressure

Blood pressure control problems may cause serious cardiovascular disorders, becoming one of the
most concerned symptoms of CVD extension. In the United States, antihypertensive medications
(Lindsley, 2015) were the most prescribed (698 million) in 2012 and 2013. Blood pressure is thought
to be influenced by a variety of factors, such as cardiac output, vascular compliance (representing the
elasticity), total blood volume, nervous control system, or the renin-angiotensin system that regulates
vascular resistance and blood volume. Among them, the antioxidant and anti-inflammatory effects of
(poly)phenols plays an important role in alleviating hypertension. (poly)phenols have anti-
inflammatory effects by inhibiting the activity and/or production of inflammation-inducing enzymes
(Endale et al., 2013); In addition, (poly)phenols also have antioxidant ability by binding to antioxidant
enzymes, increasing the free radical scavenging capacity of various antioxidant enzymes, and
controlling redox regulation of cytoprotective enzyme genes through sulthydryl modification (Ishii
et al., 2009). Meanwhile, there is also growing evidence indicated that (poly)phenols also regulate
ion transporters and channels, which in turn regulate total blood volume dependent on fluid volume
or regulate vascular compliance (represent elasticity) and resistance (Marunaka et al., 2017). It is still
the flavonoids that have been widely studied. Quercetin, for example, a flavonol and flavonoid, has
been verified to play a certain role in resisting hypertension, but the difference between the results of
their resistance effect exists. According to a randomized, double-blind, placebo-controlled, cross-
over study, taking 730mg/day of quercetin for 4 weeks reduced systolic and diastolic blood pressure
in patients with stage 1 hypertension. However, no effect on systolic and diastolic blood pressure
were observed in patients with prehypertension (Edwards et al., 2007). Meanwhile, another double-
blind randomized clinical trial (Zahedi et al., 2013) in 72 women with type 2 diabetes showed that
consuming 500 mg/d quercetin for 10 weeks significantly reduced systolic blood pressure, but
diastolic blood pressure was not significantly affected by quercetin intake. A meta-analysis of several
randomized controlled trials concluded that quercetin intake >500 mg/ day for 8 weeks, but not <500
mg/ day, significantly reduced systolic and diastolic blood pressure (Serban et al., 2016). Besides
quercetin, an increase in serum cGMP was observed in patients with hypercholesterolemia after
supplementation with 320 mg of purified anthocyanins for 12 weeks as well (Zhu et al., 2011), which
was paralleled by an increase in flow-mediated vasodilation (FMD) (r = 0.428, p < 0.05), another
study revealed the decrease in neutrophil NADPH oxidase activity (Rodriguez-Mateos et al. 2013).
Furthermore, anthocyanins can improve endothelial function and alleviate hypertensive disorder as
well. However, further experiments are required to prove this statement.

In summary, multifarious evidence are present to indicate that (poly)phenol, especially flavonoids,
have positive effects on hypertension, while their metabolic pathway is complicated, more research
are needed to explore the actions of blood pressure, and may not all (poly)phenols are effective.

(Poly)phenol-rich food and blood lipids

Other than causing hyperlipidemia, excess blood lipid may also lead to atherosclerosis, a disease
caused by the accumulation of lipids in the walls of the arteries (Garcia, C., & Blesso, C. N., 2021).
Lipoprotein metabolism, oxidative stress, and inflammation play an interplay in the development of
cardiovascular disease and considered key targets for the prevention and treatment of cardiovascular
disease, such as, reducing serum low-density lipoprotein (LDL) abundance or LDL-cholesterol
(LDL-C) and high-density lipoprotein (HDL) oxidation, increasing of HDL-cholesterol (HDL-C)
level (Garcia, C., & Blesso, C. N., 2021). Excess level of LDL-C can gradually damage the artery
wall as lipids become trapped in blood vessel, causing cholesterol crystals to oxidize, accumulate,
and eventually deposit in the lining of the artery and in the smooth muscle underneath, while too
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much LDL exposure to the artery wall accelerates oxidation, leading to the appearance of more
oxidized LDL (oxLDL) and stimulating the inflammatory response (Ference et al., 2017). Meanwhile,
chronic inflammation may also lead to the oxidation of high-density lipoprotein (HDL), impeding its
ability to perform cholesterol reverse transport (RCT) and protect lipoprotein and endothelial cells
from oxidation (Pan et al., 2013). Therefore, various antioxidant and anti-inflammatory effects
making (poly)phenols receiving great attention in CVD studies. As mentioned in previous section,
anthocyanins, for example, growing evidence have indicated their abilities in affecting redox
activities and reduced CVD risk. According to previous studies, the effect of anthocyanins on HDL-
C, especially in adults with CVD-related symptoms such as dyslipidemia (Qin et al., 2009) and
hypercholesterolemia (Zhu et al., 2014), has confirmed that an increase in HDL-C level can be
observed after supplementation of anthocyanins for 12-24 weeks. Besides anthocyanins, various
(poly)phenols are expected to have beneficial effects on blood lipid disorders. In a previous study
(Sahebkar et al., 2015), no significant effect was observed in the subgroups in the first given curcumin
<6 weeks (WMD: 0.75U /mL, 95%CI: -0.566-2.05, p = 0.26), but a significant increase in SOD
activity was found at >6 weeks of supplementation (WMD: 1.46 U/mL, 95%CI: 0.60-2.32, p =0.0009)
as well as decreased serum lipid peroxides (WMD:—6.35 nmol/mL, 95%CI:—11.06 ~—1.64, p =
0.008) , increased GSH concentration (WMD: 5.39 ug /mL, 95%CI: 1.17-9.60, p = 0.01) and catalase
activity (WMD: 51.78 U/mL, 95%CI: 15.71-87.85, p = 0.005). Tea (poly)phenols such as
theabrownins were also indicated having the ability to reduce hepatic cholesterol and lipogenesis
(Huang et al., 2019).

In summary, evidence has proven that various (poly)phenols have beneficial effect on alleviating
blood lipid problems, further details, such as the specific pathway and target molecule of a particular
(poly)phenol, may require more research.

4. Conclusion

The positive effect of (poly)phenols on cardio-metabolic health is worthy of recognition. However,
in terms of diverse aspects (such as blood pressure vs. blood lipid), the effect or mechanism of action
brought by different (poly)phenols may be different while the underlying mechanism is complicated,
the obtained results would be different as well. In addition, the bioavailability and dietary intake of
(poly)phenols are not significant in many regions, more detailed studies on cardio-metabolic system
are required to obtain more accurate results.
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