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Abstract: It seems that natural compounds with bioactivity are the food constituents, present in the diets, that 
may provide protective effects on health due to their biochemical effects. The main benefits appear to be decline 
in oxidative stress and inflammation that are crucial in the pathogenesis of obesity, diabetes and metabolic 
syndrome. Apart from anti-inflammatory activity, these molecules also possess antifungal, and anti-infective 
preventative effects. Further evidence indicate that these bioactive molecules are the constituents, which are 
known to increase function of the foods. This review aims to emphasize that plant based diet is rich in 
phytochemicals such as antioxidants, vitamins, minerals, polyphenolics and flavonoids, amino acids and fatty 
acids, that are able to cause benefits via these compounds. These bioactive molecules can target mechanisms of 
oxidative stress and inflammation that are crucial in the management of metabolic syndrome. These antioxidant 
compounds appear to be essential component of plant based diets and are crucial for healthiness. Most 
investigators have proposed that bioactive compounds act as nutraceuticals which are able to regulate certain 
patho-physiological mechanisms responsible for metabolic diseases. The bioactive compoundspresent in the 
plant based diets are primary and secondary metabolites of nutritive and non-nutritive natural components 
generating health benefits by preventing or managing chronic disease or its symptoms. The bioactive 
compounds are known for their beneficial effects to health. Despite their small quantity in the diets, these 
bioactive compounds may trigger certain mechanisms that may cause alteration with improvement in health. It 
seems that most of the bioactive compounds co-existing in the plant based diets, may be extremely healthful. 
However, if they are taken in excess, they can cause toxic effects. There is an urgent need to evaluate each 
bioactive compound to establish a beneficial quantity and a threshold of toxicity, while treating metabolic 
syndrome. 

Keywords: Foods and function; health,functional foods; healthy diet; diseases; micronutrient; nutraceuticals; 
flavonoids 
 

Introduction 
Oxidative stress and inflammation are crucial in the pathophysiology of chronic non-

communicable diseases (NCDs) including metabolic syndrome [1–10]. Bioactive compounds are 
important constituents of a healthy plant based diet which act by decreasing oxidative stress and 
inflammation [1–5]. Plant based diets having balanced quantity of bioactive compounds, may be 
superior that can provide the physiological and metabolic functions [4–9]. There is a controversy 
regarding the definition of functional foods and functional diets [11–13]. In general, functional foods 
or functional diets are defined as those foods, that improve health as well as treat diseases. Further 
research indicates that western diet [1–3] and lifestyle such as tobacco intake [10] can predispose 
oxidative stress and inflammation leading to metabolic diseases such as obesity, metabolic syndrome, 
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diabetes mellitus and hyperlipidaemia [1–3,6]. However, Mediterranean diet or a plant based diet, 
which is rich in bioactive compounds may be protective against these metabolic diseases [4,5].  

Oxidative Stress and Inflammation in the Pathophysiology of Metabolic Syndrome 
There is evidence that oxidative stress and inflammation are important metabolic and 

pathophysiological mechanisms, that may be easily induced by one another [1–3]. It seems that, both 
the mechanisms are simultaneously observed in many pathological conditions. The process of 
inflammatory induces oxidative stress and reduces cellular antioxidant capacity by causing a decline 
in the endogenous antioxidants as well as in the exogenous antioxidants that are supplied through 
diet [4,5]. Overproduction of free radicals due to western diet and lifestyle, interact with cell 
membrane fatty acids and proteins resulting in to impairment of their function [7–10]. It is possible 
that there are two major mechanisms through which oxidative stress contributes to disease [1]. In the 
first one there is an involvement of the production of reactive oxygen species (ROS) during the radical 
stress; in particularly •OH, ONOO− and HOCl, which directly can oxidize and damage the 
macromolecules, including cell membrane lipids, structural proteins, enzymes and nucleic acids, 
leading to aberrant cell function and death [1–3]. In the second mechanism, there is aberrant redox 
signaling during the oxidative stress [1–3]. There are certain oxidants, such as hydrogen peroxide 
(H2O2) are produced in the cells due to physiological activation, which may act as second messengers 
[1,8]. It seems that non-physiological produced H2O2 can cause redox signaling during the process of 
oxidative stress causing oxidative damage to cells [8–10].  

In chronic metabolic diseases, such as obesity, diabetes mellitus and metabolic syndrome, both 
types of mechanisms of oxidative stress may occur in a single disease, in which both advanced 
glycation end (AGE) products accumulate along with aberrant activation of stress signaling leading 
to complications of diabetes [1–3,8].  There is increased production of H2O2 and release of iron from 
proteins due to oxidative stress by superoxide (O2•−) and peroxy-nitrite (ONOO− ) radicals, which 
may cause a marked elevation in the production of lipid peroxidation products including 4-hydroxy-
2-nonenal (HNE), leading to aberrant cell signaling [1–3,9]. Since, oxidative stress has been associated 
with a wide range of pathological conditions, these conditions have been classified into two 
categories on the basis of the oxidative stress-induced damage to the etiology of these pathologies. It 
is possible that oxidative stress and inflammation may be the primary cause of certain pathology; 
such as pollution, smoking and radiation induced atherosclerosis[1,10]. Alternatively, oxidative 
stress may also be secondary contributor to disease progression, such as in dementia, chronic 
obstructive pulmonary disease (COPD), cancer and hypertension.  

In metabolic diseases such as obesity, there is an increase in the accumulation of white adipose 
tissue, induced by western diet rich in refined carbohydrates and trans fat, that interact with genetics 
factors including thrifty genotype [2,3]. Increased consumption of high-fat or high-carbohydrate diets 
may alter oxygen metabolism, leading to increased production of free radicals, causing oxidative 
damage of cell membranes which worsen due to deficiency of antioxidants in the adipocytes and all 
other concerned cells [3]. Deposition of lipids may be accompanied by increased production of ROS 
with increased peroxidation of lipids to produce ROS. If the production of ROS exceeds the 
antioxidant capacity of a cell, it leads to dysfunction of the adipocytes, beta cells of pancreas and 
endothelial dysfunction which may initiate metabolic syndrome leading to diabetes and other 
metabolic and cardiovascular diseases (CVDs) [4]. Apart from this, the adipocytes produce several 
adipokines; pro-inflammatory cytokines including tumour necrosis factor alpha (TNF-α), 
interleukin-6 (IL-6), and leptin which are pro-inflammatory. It seems that IL-6 is involved in causing 
insulin resistance and glucose intolerance through negative regulation of visfatin. The development 
of insulin resistance and the pro-inflammatory response also occurs due to increase in TNF-α [1–
3,6,9]. Epidemiological studies have demonstrated that oxidative stress and inflammation as well as 
insulin resistance may be decreased by Mediterranean type of diets, due to high content of fibre and 
flavonoids as well as antioxidants in the diet [4,5]. Further details of the mechanisms by which 
oxidative stress causes diseases would be given later. Figure 1 illustrated the mechanism of the effects 
of diets on pathogenesis and prevention of metabolic diseases. 
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Figure 1. Mechanism of the effects of diets on pathogenesis and prevention of metabolic diseases. 

Bioactive Compounds and Functional Foods 
There is evidence that bioactive compounds such fibre and flavonoids as well as other 

micronutrients are crucial in making a food functional. All the foods, in particular foods that are 
functional can provide protective effects on health [11,12]. These benefits may be inhibition of 
oxidative stress, anti-oxidative, inhibition of inflammation, antifungal, and various additional 
protective effects [11–14]. The usefulness of these compounds illustrates the value of micronutrient 
rich foods possessing bioactivity that may be exploited for therapy [12]. There are several definitions 
proposed by various experts to characterise functional foods which acknowledge the role of bioactive 
compounds in the foods [13–15]. It seems that certain bioactive compounds may be the constituents 
that increase the beneficial property of functional foods and hence are essential to get place under the 
title of functional foods. These foods with unique properties are capable of providing beneficial 
effects though bioactive compounds, because these compounds can target mechanisms in providing 
the beneficial effects on health or diseases during the treatment [13]. The Institute of Food 
Technologists define these foods as “foods and food components that provide a health benefit beyond 
basic nutrition [16]. The functional food concept proposed by the Japanese, is well known in many 
countries from the ancient period because such foods were used for the improvement of health and 
treatment of diseases [17]. The idea of using these words about certain foods was novel and gained 
popularity due to additional properties of such foods beyond mundane nutritional effects [17]. Each 
of food functional foods may have the quality to target specific mechanisms that are linked to 
diseases; diabetes, obesity, cancer, and Alzheimer’s disease [14]. If these mechanisms are targeted 
well, the functional foods may accomplish healthiness to the extent, what drugs often fail to do, in 
the treatment of chronic disease. The adverse effects of functional foods, may be apparent, if they are 
consumed in the toxic dosage. These foods should be able to effectively manage chronic non-
communicable diseases (NCDs) along with their manifestations. There would be no serious side 
effects of functional foods, that are associated with drug therapy.  
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Effects of Functional Bioactive Foods on Metabolic Diseases 
Type 2 diabetes mellitus (T2DM) is a major chronic metabolic disorder affecting over 450 million 

people globally. It is caused by several risk factors, and one is diet and the amount and quality of 
food consumed, especially those rich in fats and sugar. If diagnosed late or left untreated, T2DM can 
lead to several long-term diseases such as neuropathy, cardiomyopathy, nephropathy, retinopathy, 
and many others. It is advisable to consume daily an appropriate amounts of foods, in divided 4-5 
meals, which are rich in bioactive molecules such as antioxidants, fibres, phenols, and other essential 
ingredients. Like certain foods, prescribed medications to treat T2DM often work by helping the 
patient to lose weight and regain insulin sensitivity, like the action of bioactive functional foods that 
target these mechanisms [17,18]. In one study the authors defined functional bioactive foods as 
‘functional foods medicine”, suggesting that functional food could also be medicine [12]. It is 
particularly noteworthy that T2DM is not the only chronic metabolic disease that has been treated 
with functional foods. However, several other studies have investigated the beneficial use of 
functional foods to treat CVDs [19]. Seaweeds contain several metabolites including lipids and fibres 
which act as bioactive compounds that interact with other biological molecules in the body.  

Functional foods can be used in treating, preventing, and managing all the non-communicable 
diseases (NCDs) including metabolic diseases and cancer[17–19]. Many herbal remedies including 
leaves and bark are considered functional foods and some examples include mint, bitter melon, 
cinnamon, and tea. Cancer patients have been using these herbal remedies to manage breast, colon, 
and prostate cancer. The functional food remedies have been clinically shown to help cancer patients 
in the management of their disease, solidifying the importance of functional foods in managing 
chronic disease [19]. The bioactive compounds are the primary source of functional foods being able 
to treat, manage, and prevent chronic disease. Bioactive compounds are the driving force that 
establishes the functional aspect of functional foods. A standard acknowledgement of these 
compounds will bring a general understanding as to how functional foods improve health. Thus, the 
Functional Food Centre’s updated definition is a stride in the right direction. Bioactive compounds 
have an essential role in functional foods as the component that improves health and helping to treat 
disease [12,13,19]. Some experts have proposed functional farming to grow functional foods rich in 
potential bioactive non-pharmacological agents. 

Effects of Polyphenols and Anthocyanins on Inflammation 
Some studies have investigated the relationship between bioactive compounds found in certain 

foods and their protective roes in the development and treatment inflammation [20,21]. Many experts 
believe that some of the preventable chronic conditions are inflammatory in nature. Anthocyanins 
are anti-inflammatory bioactive agents found in many plants, including cinnamon and bitter melon 
and they possess several health benefits. In 2018, Shah et al, performed a systematic review and meta-
analysis of randomized controlled trials.  The mean difference of hs-CRP was found to be 0.164 after 
reducing inflammatory markers. This study concluded that anthocyanin improves inflammation and 
lipid profile[20]. Poulsen et al, performed a systematic review and meta-analysis of 16 studies. The 
results showed significant reductions in C-reactive protein (CRP) level. Similarly, anthocyanins and 
plant oils were able to induce significant reduction in CRP levels in diabetic patients [21]. Bioactive 
compounds are believed to interact with biomarkers endogenously in the body to exert their potential 
medicinal beneficial effects. In doing this, these compounds can further enhance longevity and 
quality of life of people as reported in a study on overweight/obese patients. In conclusion, the 
findings suggest that a diet high in fruits/vegetables and plant-oils is beneficial for attenuating 
elevated CRP. [21].  Fallah, et al, [22] conducted a systematic review and meta-analysis of 32 
randomized controlled trials researching the effects of anthocyanins in the human body. Their study 
found that anthocyanins administered in higher doses (>300 mg/day) significantly decreased levels 
of CRP, interleukin 6 (IL-6), tumour necrosis factor alpha (TNF-α), and vascular cell adhesion 
molecule (VCAM-1). Foods which contain anthocyanins can reduce the levels of systemic and 
vascular inflammation in humans, according to the results from a previous study [22].  
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Polyphenols are also natural bioactive compounds found in certain foods that have several 
health benefits. Table 1 shows the potential beneficial effects of such bioactive compounds as 
polyphenols and anthocyanins on inflammation. In 2020, Moua, et al, published a systematic review 
and meta-analysis of 11 studies involving over 60,000 participants. Their results reported a 
statistically significant association between coffee consumption and CRP levels in three studies with 
the largest sample sizes. The associations among Europeans and Americans (US) women, as well as 
Japanese men, were inverse (1.3%-5.5% decrease in CRP per 100 mL of coffee consumed) [23].  In 
2021, Sarkhosh-Khorsani, et al, conducted a systematic review and meta-analysis of 17 randomized 
controlled trials involving over 600 participants.  They found that CRP levels were significantly 
affected by higher grape polyphenol doses (>500 mg/d) and longer intervention periods (*12 weeks) 
according to the subgroup analysis. In addition, grape polyphenols were shown to effectively lower 
CRP levels in patients with clinical conditions. The results show that grape seed extract, as well as 
grape juice and raisins, have significant effects on CRP levels. Moreover, the results from the meta-
regression reveal that CRP levels are affected by the duration and amount of grape polyphenol 
supplementation. Furthermore, CRP levels were reported to be varied significantly and this 
depended on the number of polyphenols in grape products [24].The data in table 1 shows the effects 
of bioactive compounds, such as polyphenols and anthocyanins on inflammation. 

Table 1. Effects of bioactive compounds, such as polyphenols and anthocyanins on inflammation. 

Authors Shah, et al,2018 [23] Sarkoshi-Khorsani, et al, 2021[24] 

Condition Lipid profile and inflammatory status from 
17 studies. 

Chronic inflammation from 17 
studies. 

Study Systematic review and meta-analysis Systematic review and meta-
analysis 

Study Design Randomized controlled studies (n=1,535) Randomized controlled trials 
(n=668) 

Measured 
parameters 

Triglycerides, low density lipoprotein, 
apolipoprotein B, high density lipoprotein, 
tumour necrosis factor, C-reactive protein, 
and interleukin- 6 

C-reactive protein 

Results Anthocyanin supplementation significantly 
improves lipid profile and inflammatory 
status 

Grape products containing 
polyphenols decreased CRP 
significantly 

Effect of the Polyphenol on Blood Pressure 
World Health Organization (WHO) reported that over 1 billion people have hypertension 

globally. In 2015, Li et al, [25]conducted a meta-analysis of 10 randomized controlled trials. In 
comparison to control subjects (12 comparisons), grape polyphenols significantly reduced systolic 
blood pressure by 1.48 mm Hg per day. A subgroup analysis indicated a larger reduction was found 
for patients with metabolic syndrome (median intake of grape polyphenols * 733 mg/day) or the 
intake of low-dose grape polyphenols (* 733 mg/day) [25].In 2017, Marx, et al, [26]carried out a 
systematic review and meta-analysis of 12 studies using several polyphenol-rich interventions such 
as soybeans, cocoa, pomegranates, grapes, and turmeric. There was a significant improvement in 
diastolic blood pressure with polyphenol-rich interventions (Mean difference -5.62 mm Hg) [26] In 
2020, Weaver et al, performed a systematic review and meta-analysis of 37 studies. Researchers 
observed significant reductions in systolic blood pressure in human studies that used pure resveratrol 
(-3.7 mm Hg). From the results, the authors of the paper concluded that red wine polyphenols were 
effective in reducing blood pressure.  Currently, human populations are at severe at risk for 
developing cardiovascular diseases, including hypertension and they may benefit from these 
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therapies, particularly by lowering systolic blood pressure [27]. In addition, bitter melon and 
fenugreeks have also been found to reduce blood pressure, which may be due to their polyphenol 
content (personal communication, JS). Table 2 illustrates the potential beneficial effect of polyphenol 
on blood pressure. 

Table 2. Effect of polyphenol on blood pressure. 

 Shao-hua Li, et al, 2015 [25] Weaver, et al, 2020 [27] 
Condition High blood pressure High blood pressure 
Study design Meta-analysis from 10 studies. Systematic review and meta-analysis 

from 37 studies 
Criteria Randomized controlled trials (n=543) Randomized, placebo-controlled trials. 

(n=2,093) 
Measured 
parameters 

Systolic blood pressure Systolic blood pressure 

Results Daily consumption of polyphenols 
from grapes could significantly 
reduce systolic blood pressure. 
 

Studies indicated significant 
improvements in systolic blood 
pressure overall for polyphenols of red 
wine and pure resveratrol 

Effect of Polyphenols and Anthocyanins on Blood Lipids 
WHO reported that heart diseases and stroke are associated with high cholesterol levels in the 

body. In 2019, George, et al, [28] published a systematic review and meta-analysis of 26 studies. In 
their study, olive oil containing high polyphenol level as compared to low olive oil polyphenol 
significantly improved oxidized LDL in the body (Standard Mean Difference: -0.44) total cholesterol 
(MD 4.5 mg/dL) and HDL cholesterol (Mean difference of 2.37 mg/dL) [28]. In 2016, Liu et al, [29] 
conducted a systematic review and meta-analysis of 6 studies with over 500 participants. Their results 
showed that anthocyanin supplementation has significant effects on total cholesterol [MD = -24.06,], 
triglycerides [MD = -26.14], LDL-C [MD = -22.10] and HDL-C (MD = 5.58, 95%). The study concluded 
that in patients with dyslipidaemia, anthocyanin therapy could reduce serum total cholesterol, 
triglycerides, and LDL cholesterol levels, and increases HDL cholesterol [29].  In 2018, Shah, et al, 
[20] carried out a systematic review and meta-analysis of randomized controlled trials. This analysis 
showed that triglyceride levels were significantly decreased by a mean difference of -9.16, low density 
lipoprotein levels were decreased by a mean difference of -8.86, the levels of apolipoprotein B were 
decreased by -7.13, and the levels of high-density lipoprotein increased by 1.67 [20]. In 2021, Lin, et 
al, [30] performed a systematic review and meta-analysis of 44 randomized controlled trials and 15 
prospective studies.  The results revealed that supplementation of purified anthocyanin significantly 
reduced blood LDL cholesterol and triglyceride concentrations (WMD: -5.43 mg/dL and -6.2 mg/dL, 
respectively), and significantly increased HDL cholesterol (WMD: 11.49 mg/dL). Another study 
demonstrated that anthocyanin-rich berry administration led to a significant decrease in blood 
cholesterol (WMD: -4.48 mg/dL), as well as improved blood lipid profiles and a reduction in 
circulating pro-inflammatory cytokines, which may reduce the risk for CVDs [30]. Finally, in 2022, 
Wilken, et al, [31] published a systematic review and meta-analysis of 21 articles. Low-density 
lipoprotein was generally reduced in the studies (p=0.04). After a 4-6-week intervention, HDL levels 
increased with the consumption of cranberries and freeze-dried berries. Fruit products like freeze-
dried strawberries, which contain concentrated berry compounds, showed notable effects [31]. Table 
3 shows the potential beneficial effect of polyphenols and anthocyanins on the levels of blood lipids. 

Table 3. Effect of polyphenols and anthocyanins on blood lipids. 

Authors George, et al,2019 [28  ] Liu, et al,2016 [29 ] 
Condition Cardiovascular disease from 26 studies  Dyslipidaemia from, 6 studies 
Study design Systematic review and meta-analysis Systematic review and meta-analysis 
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Criteria Randomized controlled trials (n=925) Randomized controlled trials (n=586) 
Measured 
parameters 

Oxidized LDL, total cholesterol, and 
HDL cholesterol,  

Total cholesterol, triglycerides, LDL-C 
and HDL-C 

Results Compared to low olive oil polyphenol, 
high olive oil polyphenol significantly 
improved blood oxidized LDL, total 
cholesterol, and HDL cholesterol in the 
body  

Anthocyanin supplementation 
significantly reduced TC, TG and LDL-
C levels in patients with 
dyslipidaemia. 

Effect of Polyphenols and Anthocyanins on Glycaemic Parameters 
In 2019, the WHO reported that the global diabetic complications accounted for an estimated 1.5 

million deaths annually and these deaths were directly related to diabetes. In 2017, Palma-Duran, et 
al, [32] conducted a systematic review and meta-analysis of 36 randomized controlled trials. For 0.7 
to 12 months, polyphenol supplementations (either extracts, supplements, or foods) (28 mg to 1.5 g) 
were tested in diabetic patients. The results revealed that polyphenol supplementations significantly 
reduced HbA1c% by -0.53 units when combined across all subjects (n = 1,954, mean baseline HbA1c 
= 7.03%, 53 mmol/mol). Study participants with T2DM experienced significant reductions in HbA1c 
and lowered HbA1c% by 0.21. The study concluded polyphenols were effective in reducing HbA1c 
in T2DM patients without any intervention at the glycaemic level and in turn, polyphenols might be 
able to reduce and possibly prevent diabetes-induced long-term complications [32]. In 2020, 
Raimundo, et al, [33] carried out a meta-analysis of 20 randomized controlled trials. A comparison of 
the intervention and control means showed overall that polyphenol consumption contributed to 
reduced fasting glucose levels (- 3.32 mg/dL). Despite this, haemoglobin HbA1C decreased only 
modestly (- 0.24%). Comparative analyses showed that consumption of polyphenols was more 
associated with lower levels of blood glucose in diabetes individuals (- 5.86 mg/dL) and that these 
compounds could act in combination with anti-diabetic medications (- 10.17 mg/dL). Moreover, the 
results suggest that consumption of (poly)phenols may contribute in lowering the levels of blood 
glucose in individuals with T2DM or those who are at risk in developing diabetes [33]. 

With respect to the effect of anthocyanins on blood glucose parameters, Yang, et al, [34], 
performed a systematic review and meta-analysis of 32 randomized controlled trials involving over 
1400 subjects. The results revealed that in addition to reducing fasting glucose (SMD: -0.31), 2-hour 
postprandial sugar (SMD: -0.82), glycated haemoglobin (SMD: -0.65), and total cholesterol (SMD: -
0.33), anthocyanins supplementations were able to improve whole blood lipid profile (SMD: -0.35). 
These findings support the health benefits of anthocyanins in the prevention of and management of 
cardiometabolic disease [34]. Finally, in 2020, Fallah, et al, [25,35] published a systematic review and 
meta-analysis of randomized controlled trials in diabetic patients. Their results showed that when 
compared to control subjects, fasting blood sugar (FBS; -2.70 mg/dl), 2-hour postprandial glucose 
(PPG; -11.1 mg/dl) and glycated haemoglobin (HbA1c; -11.1 mg/dl) levels were significantly 
reduced. For at least eight weeks and at doses of more than 300 mg/day, anthocyanin consumption 
dramatically reduced FBS, 2-h PPG, HbA1c, and homeostasis model assessment of insulin resistance 
(HOMA-IR) levels. Another study reported decreased levels of FBS, 2-h PPG, HbA1c, and HOMA-IR 
in T2DM patients and overweight/obese individuals following the administration of anthocyanins. 
Generally, dietary anthocyanins have been shown to significantly improve biomarkers of glycaemic 
control and glucose metabolism among patients with T2DM [35]. Table 4 illustrates the potential 
beneficial effects of polyphenols and anthocyanins on blood glucose parameters in the body.  

Table 4. Effect of polyphenols and anthocyanins on glycaemic parameters. 

Authors Palma-Duran et al 2017 [32]  Yang, et al,2020 [34] 
Condition Type 2 diabetes mellitus (T2DM) from 36 

studies 
Cardio-metabolic diseases from 32 studies. 

Study Systematic review and meta-analysis Systematic review and meta-analysis. 
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Inclusion 
criteria 

Randomized, controlled trials (n=1954). Randomized controlled trials (n=1491) 

Measured 
parameters 

HbA1c % Fasting glucose, 2-hour glucose, HbA1c, total 
cholesterol and LDL cholesterol. 

Results Polyphenol supplementation significantly 
lowered HbA1c % in T2DM patients 
without any intervention at glycemia, and 
could contribute to the delay and possible, 
the prevention of diabetes 

Anthocyanins significantly reduced fasting 
glucose, 2-hour postprandial glucose, 
glycated haemoglobin, total cholesterol, and 
LDL. The significant improvements in 
glycaemic control and lipids support the 
benefits of anthocyanins in the prevention 
and management of cardiometabolic disease. 

Oxidative Stress and Metabolic Diseases 
Oxidative stress is a pathophysiological condition that occurs when there is an imbalance 

between the productions of reactive oxygen species (ROS) and reactive carbonyl species (RCS) and 
the ability of the body to neutralize and eliminate these lethal oxidants leading to physiological levels 
[1–3,36–38]. ROS and RCS are generated as byproducts of normal metabolic processes as well as in 
elevated blood glucose level as in diabetes. Moreover, they can also be produced in response to 
environmental stressors and insults such as ultraviolet (UV) radiation, air pollution, toxins, some 
diets, smoking and others [1–3]. When ROS and RCS levels become excessively high, they can damage 
cellular components such as DNA, lipids, and proteins, leading to cellular dysfunction and diseases 
[3]. In addition to its role in disease, oxidative stress also plays a crucial role in the biological processes 
of aging [39]. 

Metabolic syndrome is a cluster of metabolic abnormalities that increase the risk of developing 
CVDs, obesity and T2DM [40–44]. It can be defined as the presence of at least three of the following 
criteria, namely abdominal obesity, elevated blood pressure, elevated fasting glucose, elevated 
triglycerides, and reduced high-density lipoprotein (HDL) cholesterol levels [41,42]. Abdominal 
obesity is a key component of metabolic syndrome, as it is associated with insulin resistance (IR) and 
the release of pro-inflammatory cytokines from adipose tissue. Elevated blood pressure is also a 
common feature of metabolic syndrome and is thought to result from an increased sympathetic tone 
and impaired endothelial function [42]. IR and hyperinsulinemia are often present in individuals with 
metabolic syndrome and are linked to dyslipidemia, as well as the development of non-alcoholic fatty 
liver disease [42,43]. Metabolic syndrome is aa major global growing public health concern, as it is 
estimated to affect approximately one-quarter of adults worldwide, not only in Westernized countries 
but now in low and moderate income -countries [42]. It is associated with an increased risk of CVDs, 
obesity and T2DM, as well as other conditions such as non-alcoholic fatty liver disease and polycystic 
ovary syndrome [41,42]. 

Oxidative stress and chronic inflammation are closely linked and can both contribute to the 
development of metabolic diseases. Oxidative stress is the imbalance between the production of 
(ROS) and the ability of the body to detoxify these harmful molecules, leading to cellular damage. 
Chronic inflammation, on the other hand, is a persistent immune response that leads to tissue damage 
and dysfunction leading to metabolic diseases [45]. Oxidative stress can trigger chronic inflammation 
by activating pro-inflammatory signaling pathways, which in turn exacerbates oxidative stress and 
creates a cycle of inflammation and damage to the body [43,44]. Chronic inflammation can also lead 
to oxidative stress by increasing the production of ROS and RCS from immune cells and damaged 
tissues [45]. The combined effects of oxidative stress and chronic inflammation can contribute to the 
development of metabolic diseases by impairing normal metabolic processes [45]. For example, 
oxidative stress and inflammation can cause insulin resistance, a key feature of such metabolic 
disorders as obesity and T2DM [46]. IR occurs when cells become less responsive to insulin, leading 
to impaired glucose uptake and elevated blood sugar levels. Oxidative stress and inflammation can 
also contribute to the development of metabolic non-alcoholic fatty liver disease (NAFLD) [48]. 
Interestingly, both oxidative stress and chronic inflammation can be reduced cost-effectively through 
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lifestyle modifications and in chronic states by medical interventions. As such, these are effective 
strategies for preventing and treating metabolic diseases. 

Previous studies have shown that at molecular level, ROS, and RCS, generated at high 
pharmacological levels, can attack cellular proteins, glucose, lipids, and nucleic acids, leading to 
cellular dysfunction and a range of pathologies. As highly reactive molecules, both ROS and RCS can 
exert direct insults and damage to several cellular components, including proteins, lipids, glucose 
and nucleic acids, through a pathophysiological process of oxidative stress. Oxidative stress induced 
by ROS and RCS can also cause damage to proteins by modifying their amino acid residues, leading 
to altered protein function or degradation [49,50]. Lipids are also susceptible to oxidative stress, and 
lipid peroxidation can occur in the presence of ROS and RCS, leading to the formation of harmful 
reactive lipid species that can damage cellular membranes and alter cellular signaling pathways [51]. 
In addition, oxidative stress can cause DNA damage by modifying nucleic acids, leading to genetic 
mutations and chromosomal abnormalities [52]. DNA damage can lead to altered cellular transport 
mechanisms and decreased biological activity, as well as increased immune activation and 
inflammation leading to cancer [50,53]. 

The consequences of oxidative stress-induced cellular dysfunction can be wide-ranging and can 
contribute to a range of pathologies, including neurodegenerative diseases, CVDs, cancer, and 
metabolic disorders [53]. The loss of energy metabolism in the body can lead to an alteration of cell 
signaling and cell cycle control, genetic mutations, altered cellular transport mechanisms, and 
decreased biological activity which are all potential outcomes of oxidative stress resulting in cellular 
dysfunction [40]. This oxidative stress-induced cellular damage can contribute to the development of 
a range of pathologies, highlighting the importance of maintaining redox balance in the body. Studies 
suggest that the nutritional stress caused by a high-fat, high-carbohydrate diet can also promote 
oxidative stress, as evidenced by increased lipid peroxidation products, protein carbonylation, 
decreased antioxidant system and reduced glutathione (GSH) levels. These changes can lead to the 
initiation of a pathogenic milieu and the development of several chronic diseases [40–43]. 

A high-fat, high-carbohydrate diet can lead to the accumulation of ROS and RCS in the body 
leading to oxidative stress and damage to cellular components [44]. Increased levels of ROS and RCS 
can lead to lipid peroxidation, resulting in the formation of harmful reactive lipid species that can 
damage cellular membranes and organelles, especially the mitochondria leading to mitochondrial 
dysfunction and alteration in cellular signaling pathways. Furthermore, oxidative stress can cause 
damage to proteins by modifying their amino acid residues, leading to altered protein function or 
degradation, as evidenced by increased protein carbonylation in response to a high-fat, high-
carbohydrate diet [45]. This can lead to alterations in cellular signaling and metabolic pathways and 
contribute to the development of chronic diseases. The antioxidant system, which helps to regulate 
oxidative stress, can also be affected by a high-fat, high-carbohydrate diet. This can lead to decreased 
levels of antioxidants such as reduced (GSH), which can exacerbate oxidative stress and inflammation 
and insulin resistance and contribute to the development of chronic diseases [46]. These pathological 
changes induced by a high-fat and high-carbohydrate Western diets, including increased lipid 
peroxidation products, protein carbonylation, and decreased antioxidant system and GSH levels, can 
lead to the initiation of a pathogenic milieu and the development of several chronic metabolic 
diseases such as obesity, insulin resistance and metabolic syndrome, leading to the initiation of a 
pathogenic milieu which in turn contributes to the development of several chronic diseases T2DM 
and CVDs [44–48]. 

In summary, several studies have suggested that oxidative stress and chronic inflammation are 
closely inter-linked and moreover, both are involved in the pathogenesis of chronic diseases. 
Oxidative stress results from an imbalance between the production of ROS and RCS and the 
antioxidant defense mechanism(s) of the body, while chronic inflammation is a response to tissue 
damage or infection involving the release of pro-inflammatory cytokines and chemokines [49]. Some 
other studies have also suggested that oxidative stress and chronic inflammation can lead to the 
development of chronic diseases through various subcellular, cellular, and molecular mechanisms. 
For example, oxidative stress can induce DNA damage and impair DNA repair mechanisms, leading 
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to genetic mutations and the development of diseases, especially cancer [50]. Similarly, chronic 
inflammation can lead to the development of IR and T2DM via the activation of pro-inflammatory 
signaling pathways, which in turn can impair insulin signaling and glucose uptake in peripheral 
tissues [51]. In addition, both oxidative stress and chronic inflammation can promote the 
development of atherosclerosis and CVDs through their effects on endothelial cell function, lipid 
metabolism, and plaque formation [52]. Furthermore, oxidative stress and chronic inflammation can 
also impair cell cycle regulation, leading to abnormal cell growth and the development of cancer [49]. 
Therefore, it is clear that oxidative stress has been implicated in a wide range of diseases, including 
cancer, insulin resistance, cardiovascular disease, neurodegenerative disorders, obesity, and diabetes 
[1–5,53–55]. It seems that bioactive compounds could be useful in the prevention of all the NCDs. In 
previous studies, cocoa, omega-3 fatty acids and coenzyme Q10 have been found to be protective 
against NCDs [56–58]. 

In conclusion, several research studies have shown a positive impact of these plant-based 
bioactive compounds on NCDs, including metabolic diseases as well as longevity and the quality of 
life. Oxidative stress and chronic inflammation are important underlying factors that lead to the 
development of such pathologies as adipogenesis, obesity, diabetes, metabolic syndrome, insulin 
resistance and CVDs through altered cellular and nuclear mechanisms, including impaired DNA 
damage and repair and cell cycle regulation. The bioactive components of functional foods are the 
determining factors to either delay or prevent the development of f several of the metabolic diseases 
globally. It is not very clear what are the cellular and molecular mechanisms via which bioactive 
molecules of functional food can induce their protective effects against the development of several 
diseases in the body.An understanding of how functional foods improve health will become more 
widespread with an acknowledgement of these compounds. As such, the Functional Food Centre’s 
updated definition represents an important step forward, but further modification may be 
interesting. As a component of functional foods, bioactive compounds play a crucial role in 
improving health by treating several diseases. The results also indicate the bioactive properties of 
polyphenols and anthocyanins and their ability to reduce inflammation, blood pressure, lipid levels, 
and glucose levels. Additional research is also necessary to support these results. 

Conclusions 
Classification of Flavonoids 

Flavonoids generally accumulate in vacuoles of plant cells in the form of glycosides. In chemical 
structure, flavonoids have three rings (C6-C3-C6) as their basic skeleton (labeled A, B, and C in Fig. 
1). Based on structural differences, flavonoids are generally classified into seven subclasses: flavonols, 
flavones, isoflavones, anthocyanidins, flavanones, flavanols, and chalcones (Fig. 1).  
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