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ABSTRACT 

Background: Cardiovascular disease (CVD) remains the leading global cause of mortality, 

accounting for approximately 17.9 million deaths annually. Oxidative stress and chronic 

inflammation are key contributors to CVD pathogenesis, highlighting dietary antioxidants as 

promising strategies for cardiovascular prevention. 

Objective: This scoping review evaluates the mechanistic basis, clinical evidence, and 

translational potential of dietary antioxidants in reducing cardiovascular risk. 

Methods: A scoping review was conducted using PubMed/MEDLINE, Scopus, Web of Science, 

and the Cochrane Library to identify English-language publications from January 2020 to 

December 2024. Eligible sources included randomized controlled trials, prospective cohort 

studies, systematic reviews, meta-analyses, and relevant clinical guidelines investigating dietary 

antioxidants, oxidative stress, and cardiovascular outcomes. Evidence was narratively 

synthesized to identify key mechanisms, clinical findings, emerging trends, and research gaps. 

Results: The reviewed literature indicates that dietary antioxidants, including polyphenols 

(quercetin, resveratrol, and curcumin), carotenoids, vitamins C and E, and trace minerals such as 

selenium and zinc, exert cardioprotective effects through activation of the Nrf2/HO-1 pathway, 

suppression of NF-κB signalling, enhancement of endothelial nitric oxide synthase activity, 

inhibition of LDL oxidation, and modulation of SIRT1/AMPK signalling. Clinical evidence 

suggests that polyphenol supplementation modestly reduces systolic blood pressure, improves 

lipid profiles, and lowers cardiovascular risk. Adherence to the Mediterranean diet has also been 

associated with a 48% reduction in major adverse cardiovascular events (OR 0.52; 95% CI: 

0.32–0.84). However, evidence supporting isolated high-dose supplementation with beta-

carotene and vitamin E remains inconsistent. 

Conclusion: Dietary antioxidants consumed as part of whole-food dietary patterns provide 

significant cardiovascular benefits, whereas isolated antioxidant supplementation shows variable 

https://doi.org/10.35410/IJAEB.2026.1077


International Journal of Agriculture, Environment and Bioresearch 

Vol. 11, No. 05; 2026 

ISSN: 2456-8643 

www.ijaeb.org Page 74 

 

efficacy. Future research should prioritize personalized nutrition, improved bioavailability, and 

pharmacogenomic approaches to optimize antioxidant-based cardiovascular prevention. 

Keywords: Dietary Antioxidants; Cardiovascular Disease; Polyphenols; Oxidative Stress; Nrf2; 

Endothelial Dysfunction; Mediterranean Diet; Systematic Review.  

1. INTRODUCTION 

Cardiovascular disease (CVD) constitutes the foremost cause of global mortality, responsible 

for an estimated 17.9 million deaths per year and representing 31% of all deaths worldwide. The 

pathogenesis of CVD is multifactorial, involving chronic low-grade inflammation, 

dyslipidaemia, hypertension, endothelial dysfunction, and - critically - oxidative stress.[1] 

Reactive oxygen species (ROS) generated during normal cellular metabolism or amplified by 

cardiovascular risk factors including smoking, hyperglycaemia, and dyslipidaemia drive a 

cascade of vascular injury involving LDL oxidation, endothelial apoptosis, and foam cell 

formation that underpins atherosclerotic plaque development.[2,3] 

The endothelium plays a pivotal role in vascular homeostasis, and its dysfunction - 

characterised by reduced nitric oxide (NO) bioavailability, upregulated adhesion molecules, and 

a pro-inflammatory phenotype - represents an early and critical event in the progression to overt 

CVD.[4] Heightened oxidative stress is recognised as the primary aetiological driver of 

endothelial dysfunction, creating a self-amplifying vicious cycle between ROS generation, 

inflammatory signalling, and further endothelial injury.[5,6] 

Dietary antioxidants represent a broad and chemically diverse group of compounds that 

neutralise ROS, modulate redox-sensitive transcription factors, and attenuate the inflammatory 

milieu implicated in CVD pathogenesis. These include polyphenols (flavonoids, stilbenes, 

phenolic acids), fat-soluble vitamins (E, beta-carotene), water-soluble ascorbic acid (vitamin C), 

carotenoids, organosulfur compounds, and essential trace mineral cofactors for endogenous 

antioxidant enzymes such as glutathione peroxidase (selenium), superoxide dismutase (zinc, 

manganese), and catalase. [7,8] 

Epidemiological studies consistently demonstrate inverse associations between diets rich in 

fruits, vegetables, and whole grains - hence high in dietary antioxidants - and CVD incidence and 

mortality.[9,10] The Mediterranean dietary pattern, particularly abundant in polyphenols, 

monounsaturated fats, and antioxidant micronutrients, is associated with substantial 

cardiovascular risk reduction in large-scale intervention trials.[11] However, the translation of 

these dietary observations into evidence-based supplementation strategies has yielded 

inconsistent and at times paradoxical results, particularly for isolated high-dose 

supplementation.[12] 

This systematic review seeks to: (i) characterise the mechanistic basis through which dietary 

antioxidants exert cardioprotective effects; (ii) critically evaluate the clinical and epidemiological 

evidence base from 2020 to 2024; (iii) assess the gap between dietary intake benefits and 

supplementation trial outcomes; and (iv) identify promising future directions for antioxidant-

based cardiovascular therapeutics. 
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2. METHODS 

2.1 Literature Search Strategy 

A scoping review was conducted to map and synthesize current evidence on the role of dietary 

antioxidants in cardiovascular disease prevention and management. Electronic literature searches 

were performed in PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library to 

identify relevant English-language publications published between January 2020 and December 

2024. The search strategy combined controlled vocabulary and free-text terms related to dietary 

antioxidants and cardiovascular disease using Boolean operators. Representative search terms 

included: ("dietary antioxidants" OR "polyphenols" OR "flavonoids" OR "resveratrol" OR 

"quercetin" OR "curcumin" OR "vitamin C" OR "vitamin E" OR "carotenoids" OR "selenium" 

OR "coenzyme Q10") AND ("cardiovascular disease" OR "atherosclerosis" OR "hypertension" 

OR "heart failure" OR "endothelial dysfunction" OR "oxidative stress" OR "myocardial 

infarction"). Additional relevant publications were identified through manual screening of the 

reference lists of eligible articles. 

2.2 Eligibility Criteria 

Publications were considered eligible if they investigated the relationship between dietary 

antioxidants and cardiovascular health, including mechanistic studies, randomized controlled 

trials, prospective cohort studies, systematic reviews, meta-analyses, and relevant clinical 

guidelines. Only peer-reviewed articles published in English between 2020 and 2024 were 

included. Publications focusing exclusively on non-cardiovascular outcomes, conference 

abstracts, editorials, letters to the editor, dissertations, and other non-peer-reviewed literature 

were excluded. Animal and in vitro studies were considered only when they provided important 

mechanistic insights relevant to cardiovascular biology. 

2.3 Data Charting and Evidence Synthesis 

Relevant information from the included publications was charted to summarize study 

characteristics, antioxidant classes, mechanisms of action, study populations, interventions or 

exposures, cardiovascular outcomes, and key findings. The extracted evidence was synthesized 

narratively to identify major biological mechanisms, summarize current clinical evidence, 

highlight emerging therapeutic strategies, and identify gaps requiring future investigation. As the 

objective of this scoping review was to provide a comprehensive overview of the available 

literature rather than quantitatively evaluate intervention effects, a formal risk-of-bias assessment 

or meta-analysis was not undertaken. 

3. CLASSIFICATION AND DIETARY SOURCES OF ANTIOXIDANTS 

Dietary antioxidants are broadly categorised based on their chemical structure, solubility, and 

primary mechanisms of action. Table 1 provides a comprehensive classification of the major 

antioxidant classes relevant to cardiovascular health, their principal dietary sources, and primary 

mechanistic actions. 

Table 1. Classification of Major Dietary Antioxidants, Dietary Sources, and Primary 

Cardiovascular Mechanisms 

Class Key Compounds Dietary 

Sources 

Primary Cardiovascular 

Mechanism 
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Class Key Compounds Dietary 

Sources 

Primary Cardiovascular 

Mechanism 

Flavonoids Quercetin, 

Kaempferol, 

Resveratrol, 

Catechins, 

Anthocyanins 

Fruits, 

vegetables, red 

wine, green tea 

ROS scavenging, NF-kappaB 

inhibition, eNOS 

upregulation 

Carotenoids beta-Carotene, 

Lycopene, Lutein, 

Zeaxanthin, 

Astaxanthin 

Tomatoes, 

carrots, leafy 

greens, eggs 

Lipid peroxidation inhibition, 

LDL oxidation prevention 

Vitamin C 

(Ascorbic 

Acid) 

L-ascorbic acid Citrus fruits, 

berries, bell 

peppers, kiwi 

Free radical scavenging, 

collagen synthesis, Vitamin E 

regeneration 

Vitamin E 

(Tocopherols) 

alpha-, beta-, 

gamma-, delta-

Tocopherols, 

Tocotrienols 

Nuts, seeds, 

vegetable oils, 

wheat germ 

Membrane lipid peroxidation 

inhibition, platelet 

aggregation reduction 

Polyphenols 

(Non-

flavonoid) 

Curcumin, 

Resveratrol, Ellagic 

acid, Chlorogenic 

acid 

Turmeric, 

grapes, 

pomegranates, 

coffee 

Anti-inflammatory, Nrf2 

activation, SIRT1 activation 

Organosulfur 

Compounds 

Allicin, Diallyl 

disulfide, 

Sulforaphane 

Garlic, onion, 

cruciferous 

vegetables 

GSH synthesis, HO-1 

induction, antiplatelet activity 

Minerals 

(Enzymatic 

Cofactors) 

Selenium, Zinc, 

Manganese, Copper 

Seafood, nuts, 

whole grains, 

legumes 

GPx, SOD, catalase cofactors 

- endogenous antioxidant 

defense 

Abbreviations: ROS, reactive oxygen species; NF-kappaB, nuclear factor-kappa B; eNOS, 

endothelial nitric oxide synthase; GPx, glutathione peroxidase; SOD, superoxide dismutase; 

HO-1, heme oxygenase-1; Nrf2, nuclear factor erythroid 2-related factor 2; GSH, glutathione. 

Sources:  Data compiled from references [7,8,10,13,14] 

 

Among the polyphenols, flavonoids - particularly quercetin, catechins, and anthocyanins - are the 

most abundant in the human diet. Resveratrol, a stilbene primarily found in grape skins and red 

wine, has attracted particular attention for its SIRT1-activating and cardioprotective properties. 

Curcumin, derived from turmeric, activates both Nrf2 and suppresses NF-kappaB, providing dual 

anti-inflammatory and antioxidant activity. [13,15] 
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4. MOLECULAR MECHANISMS OF CARDIOVASCULAR PROTECTION 

 

Figure 1: Molecular pathways of antioxidant-mediated cardiovascular protection.  

Caption: A Scientific biomedical diagram illustrating the molecular pathways of dietary 

antioxidant-mediated cardiovascular protection. It shows the interconnected pathways: (1) 

Nrf2/Keap1/HO-1 pathway activation by quercetin, curcumin, and sulforaphane; (2) NF-kappaB 

inhibition cascade showing IKK blockade and downstream suppression of ICAM-1, VCAM-1, 

TNF-alpha; (3) eNOS/NO axis with SIRT1/AMPK activation and BH4 recycling by vitamin C; 

(4) Lipid peroxidation inhibition in LDL particles by alpha-tocopherol; (5) GPx/SOD/Catalase 

endogenous enzyme system with Se and Zn cofactors.  

References:  Author’s illustration adapted from references [4,5,6,7,13,14,15,16] 

4.1 Nrf2/HO-1 Pathway Activation 

The Nuclear factor erythroid 2-related factor 2 (Nrf2)/Heme oxygenase-1 (HO-1) pathway 

represents the master regulatory axis of cellular antioxidant defence. Under basal conditions, 

Nrf2 is sequestered in the cytoplasm by the Kelch-like ECH-associated protein 1 (Keap1). 

Electrophilic antioxidants including quercetin, curcumin, and sulforaphane modify cysteine 

residues on Keap1, triggering Nrf2 nuclear translocation where it binds antioxidant response 

elements (AREs) to upregulate HO-1, NAD(P)H quinone dehydrogenase-1 (NQO1), glutathione 

S-transferases, and ferritin.[14] This pathway reduces ROS-mediated vascular injury and 

attenuates atherosclerotic plaque development. 

4.2 NF-kappaB Suppression and Anti-Inflammatory Effects 

Resveratrol and curcumin potently inhibit the NF-kappaB signalling cascade by preventing 

IkappaB kinase (IKK) activation, thereby blocking nuclear translocation of the p65/p50 NF-

kappaB subunits. This attenuates transcription of pro-inflammatory mediators including TNF-
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alpha, IL-6, IL-1beta, ICAM-1, and VCAM-1.6 Suppression of endothelial adhesion molecule 

expression reduces monocyte recruitment and foam cell formation - critical early events in 

atherogenesis. 

4.3 eNOS Upregulation and Nitric Oxide Bioavailability 

Endothelial nitric oxide synthase (eNOS) uncoupling - occurring when its cofactor 

tetrahydrobiopterin (BH4) is oxidised - leads to superoxide rather than NO production, 

exacerbating vascular oxidative stress. [4,5] Polyphenols such as quercetin and resveratrol 

activate SIRT1 and AMPK pathways, promoting eNOS phosphorylation at Ser1177 and 

increasing NO bioavailability. Vitamin C recycles oxidised BH4 to prevent eNOS uncoupling, 

restoring endothelium-dependent vasodilation. 

4.4 LDL Oxidation Inhibition 

Oxidised LDL (oxLDL) is the principal trigger of foam cell formation and atherosclerotic 

plaque initiation. Lipophilic antioxidants, particularly vitamin E (alpha-tocopherol), intercept 

lipid peroxyl radicals within LDL particles, breaking the chain reaction of lipid peroxidation. 

Lycopene, beta-carotene, and polyphenols provide additional protection by reducing circulating 

oxidative stress levels, thereby decreasing the substrate available for LDL oxidation. [8,16] 

4.5 SIRT1/AMPK Signalling and Mitochondrial Protection 

SIRT1, a class III histone deacetylase, is a key mediator of metabolic homeostasis activated by 

resveratrol and quercetin. SIRT1-mediated deacetylation of PGC-1alpha promotes mitochondrial 

biogenesis and antioxidant enzyme expression. AMPK activation by these polyphenols reduces 

mTOR activity, enhancing mitophagy and reducing mitochondria-derived ROS. [15,16] This 

mitochondrial quality control is particularly relevant in heart failure and ischaemic 

cardiomyopathy. Table 2 gives the Summary of Molecular Mechanisms of Dietary Antioxidants 

in Cardiovascular Protection. 

 

Table 2. Summary of Molecular Mechanisms of Dietary Antioxidants in Cardiovascular 

Protection 

Pathway/Target Key 

Antioxidants 

Molecular 

Mechanism 

Cardiovascular 

Effect 

Antioxidant 

Class 

Nrf2/HO-1 

Pathway 

Quercetin, 

Curcumin, 

Sulforaphane 

Activates Nrf2 -

> induces HO-1, 

NQO1, ferritin; 

upregulates 

endogenous 

antioxidant 

enzymes 

decreased ROS-

induced 

vascular injury; 

decreased 

atherosclerotic 

plaque 

development 

All 

antioxidant 

classes 

NF-kappaB 

Suppression 

Resveratrol, 

Curcumin, 

EGCG 

Inhibits IkappaB 

kinase -> blocks 

NF-kappaB 

nuclear 

decreased 

Endothelial 

inflammation; 

decreased 

Polyphenols 

primarily 
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Pathway/Target Key 

Antioxidants 

Molecular 

Mechanism 

Cardiovascular 

Effect 

Antioxidant 

Class 

translocation -> 

decreased TNF-

alpha, IL-6, 

ICAM-1, 

VCAM-1 

monocyte 

adhesion 

eNOS 

Upregulation / NO 

Bioavailability 

Quercetin, 

Resveratrol, 

Vitamin C 

Activates 

SIRT1/AMPK -

> eNOS 

phosphorylation; 

Vitamin C 

recycles BH4 -> 

prevents eNOS 

uncoupling 

increased 

Vasodilation; 

decreased blood 

pressure; 

decreased 

platelet 

aggregation 

Flavonoids, 

Ascorbic 

acid 

LDL Oxidation 

Inhibition 

Vitamin E, 

beta-

Carotene, 

Lycopene, 

Polyphenols 

Intercepts lipid 

peroxyl radicals 

in LDL 

particles; 

decreased 

oxLDL 

formation; 

inhibits foam 

cell formation 

decreased 

Atherosclerosis 

progression; 

decreased 

plaque 

instability 

Lipophilic 

antioxidants 

SIRT1/AMPK 

Activation 

Resveratrol, 

Quercetin, 

Pterostilbene 

SIRT1 

deacetylation of 

PGC-1alpha, 

FOXO -> 

mitochondrial 

biogenesis; 

AMPK -> 

decreased 

mTOR, 

increased 

autophagy 

increased 

Mitochondrial 

function; 

decreased 

cardiac aging; 

decreased 

apoptosis 

Stilbenes, 

Flavonols 

GPx/SOD/Catalase 

Enhancement 

Selenium, 

Zinc, 

Manganese 

Metalloenzyme 

cofactors -> GPx 

(Se), SOD 

(Zn/Mn), 

catalase -> rapid 

H2O2 and 

decreased 

Intracellular 

ROS; decreased 

mitochondrial 

damage 

Trace 

mineral 

antioxidants 
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Pathway/Target Key 

Antioxidants 

Molecular 

Mechanism 

Cardiovascular 

Effect 

Antioxidant 

Class 

superoxide 

dismutation 

Platelet 

Aggregation 

Inhibition 

Quercetin, 

Resveratrol, 

Allicin 

Inhibits 

thromboxane A2 

synthesis; 

decreased COX-

1 activity; 

increased 

cAMP/cGMP in 

platelets 

decreased 

Thrombosis 

risk; decreased 

myocardial 

infarction 

Flavonoids, 

Organosulfur 

Abbreviations: Nrf2, nuclear factor erythroid 2-related factor 2; HO-1, heme oxygenase-1; NF-

kappaB, nuclear factor-kappa B; eNOS, endothelial nitric oxide synthase; NO, nitric oxide; 

SIRT1, sirtuin-1; AMPK, AMP-activated protein kinase; GPx, glutathione peroxidase; SOD, 

superoxide dismutase; BH4, tetrahydrobiopterin; LDL, low-density lipoprotein. 

 Sources: Adapted from references [4,5,6,7,13,14,15,16] 

5. CLINICAL AND EPIDEMIOLOGICAL EVIDENCE 

5.1 Polyphenols and Cardiometabolic Risk Factors 

The most comprehensive recent synthesis of clinical evidence comes from a 2024 systematic 

review and meta-analysis of 281 randomised controlled trials involving 17,126 participants, 

which demonstrated that polyphenol supplementation conferred measurable benefits across 

multiple cardiometabolic risk factors. Catechin supplementation reduced systolic blood pressure 

by 1.56 mmHg (95% CI: ?2.75, ?0.37 mmHg) and diastolic blood pressure by 0.95 mmHg. 

Anthocyanin supplementation improved multiple blood lipid parameters, while curcumin 

supplementation beneficially modulated markers of glucose metabolism. [17] 

A landmark meta-analysis published in the Journal of the American College of Cardiology 

investigated 27 antioxidant micronutrients across 884 RCTs involving approximately 883,627 

participant-years. Coenzyme Q10 (CoQ10) demonstrated the most robust lipid-lowering effects, 

reducing total cholesterol by 0.81 mmol/L, LDL-cholesterol by 0.57 mmol/L, and triglycerides 

by 0.25 mmol/L. Folic acid supplementation reduced stroke risk (RR: 0.84; 95% CI: 0.72-0.97), 

while vitamins C, D, E, and selenium showed no significant effect on CVD or type 2 diabetes 

risk as isolated supplements.[12] 

5.2 Resveratrol and Cardiac Remodelling 

A randomised controlled clinical trial by Zheng et al. (2023) investigated the effects of 

resveratrol supplementation (400 mg/day) in 80 hypertensive patients over 24 weeks. Resveratrol 

supplementation significantly attenuated indices of cardiac remodelling, including left 

ventricular hypertrophy and fibrosis biomarkers, compared to conventional therapy alone, 

providing the first robust human evidence of resveratrol's anti-remodelling effects in a clinical 

cardiovascular population.[18] 
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5.3 Dietary Patterns and Antioxidant Indices 

Cross-sectional analysis of the NHANES 2011-2020 cohort (n = 39,372) using the 

Composite Dietary Antioxidant Index (CDAI) found a significant inverse association between 

higher CDAI scores and CVD prevalence after adjustment for major confounders.19 Prospective 

cohort data from the Tehran Lipid and Glucose Study (n = 5,102; mean follow-up 5.3 years) 

demonstrated that higher dietary vitamin C intake was independently associated with reduced 

CVD incidence, while associations for vitamins A, E, and zinc were less consistent.[20] 

A meta-analysis of four large RCTs including 10,054 participants (mean age 57 years; 

follow-up 2-7 years) found that adherence to the Mediterranean Diet - characterised by abundant 

dietary antioxidants from olive oil, vegetables, legumes, nuts, and fruits - was associated with a 

statistically significant 48% reduction in the composite endpoint of major adverse cardiovascular 

events (OR 0.52; 95% CI: 0.32-0.84, p = 0.008). [11] 

5.4 High-Dose Supplementation: Paradoxes and Risks 

Despite compelling mechanistic evidence, the clinical translation of isolated antioxidant 

supplements has been fraught with inconsistency. A Cochrane meta-analysis of 78 RCTs 

(296,707 participants) demonstrated that high-dose beta-carotene and vitamin E supplementation 

significantly increased all-cause mortality (RR 1.05 and 1.03 respectively in low-bias trials), 

underscoring that supraphysiological doses of certain antioxidants can disrupt redox 

homeostasis. [12,21] The selenium and vitamin C supplementation data yielded neutral or 

marginally beneficial effects. These paradoxical findings may reflect the dual role of ROS in 

physiological cell signalling, the importance of antioxidant synergism, and the limited 

bioavailability of isolated supplements compared to the complex food matrix. Figure 2 shows the 

Forest plot summarising pooled effects of dietary antioxidant interventions on systolic blood 

pressure (mmHg) from meta-analyses, 2020-2024, whereas Table 3 presents the Summary of 

Key Clinical and Epidemiological Evidence on Dietary Antioxidants and Cardiovascular 

Outcomes (2020-2024). 

 

Figure 2: Forest plot summarising pooled effects of dietary antioxidant interventions on systolic 

blood pressure (mmHg) from meta-analyses, 2020-2024.  
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Caption: A forest plot summarising the pooled effects of different dietary antioxidant 

interventions on systolic blood pressure (mmHg) based on meta-analytic data from 2020-

2024.On the horizontal axis we have following data points plotted as squares with 95% 

confidence interval bars  : Catechins: ?1.56 mmHg (95% CI: ?2.75, ?0.37); Anthocyanins: ?2.1 

mmHg (estimated, lipid outcomes); Curcumin: ?1.3 mmHg (estimated); CoQ10: ?3.2 mmHg 

(from meta-analysis data); Mediterranean Diet: overall ?3.5 mmHg equivalent; Overall pooled 

estimate shown as diamond and a vertical line of no effect at 0.0 mmHg. On the X-axis: We have 

the Favours antioxidant (left) ? 0 -> Favours control (right). 

Sources: Data from references [11,12,17,20] 

 

Table 3. Summary of Key Clinical and Epidemiological Evidence on Dietary Antioxidants 

and Cardiovascular Outcomes (2020-2024) 

Antioxidant/Interv

ention 

Study 

Design 

Populatio

n 

Duration Key 

Findings 

Reference 

Polyphenols (multi) Meta-

analysis 

RCT 

(281 

studies, 

n=17,126

) 

Various 12-24 

months 

decreased 

SBP 1.56 

mmHg; 

decreased 

LDL; 

increased 

HDL; 

decreased 

HbA1c 

Luo et al. (2024) 

doi:10.3390/nu16234206 

Micronutrients (27) Systemati

c review 

& meta-

analysis 

(884 

RCTs) 

Diverse 

populatio

ns 

Variable CoQ10 

decreased 

TC by 

0.81 

mmol/L; 

folic acid 

decreased 

stroke 

risk (RR 

0.84) 

An et al. (2022) 

doi:10.1016/j.jacc.2022.

09.048 

Resveratrol (400 

mg/d) 

RCT 

(n=80, 

hypertens

ive 

patients) 

Hypertens

ion 

24 weeks decreased 

Left 

ventricula

r 

hypertrop

hy; 

decreased 

fibrosis 

markers 

Zheng et al. (2023) 

doi:10.1038/s41440-023-

01231-z 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 11, No. 05; 2026 

ISSN: 2456-8643 

www.ijaeb.org Page 83 

 

Antioxidant/Interv

ention 

Study 

Design 

Populatio

n 

Duration Key 

Findings 

Reference 

Dietary Antioxidant 

Index 

Cross-

sectional 

(NHANE

S 2011-

2020) 

US adults Cross-

sectional 

Inverse 

associatio

n 

between 

CDAI 

and CVD 

prevalenc

e 

Shu et al. (2024) 

doi:10.3389/fcvm.2024.1

379871 

Vitamins A, C, E + 

Zinc 

Prospecti

ve cohort 

(n=5,102

) 

Adults 

>=30 

years 

Mean 5.3 

years 

increased 

Vitamin 

C intake 

associate

d with 

decreased 

CVD 

incidence 

Mirmiran et al. (2022) 

doi:10.1038/s41598-022-

05632-x 

Mediterranean Diet Meta-

analysis 

RCT (4 

RCTs, 

n=10,054

) 

Age ~57 

years 

2-7 years MACE 

OR 0.52 

(95% CI 

0.32-

0.84, 

p=0.008) 

Karayiannidis et al. 

(2024) 

Quercetin + 

Resveratrol 

In vitro + 

preclinica

l models 

Ischemia-

reperfusio

n 

Experime

ntal 

decreased 

Infarct 

size; 

decreased 

ROS; 

increased 

antioxida

nt 

enzymes 

Rodrigo et al. (2022) 

doi:10.3390/molecules27

082564 

Abbreviations: RCT, randomised controlled trial; SBP, systolic blood pressure; LDL, low-

density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; TG, triglycerides; 

MACE, major adverse cardiovascular events; OR, odds ratio; RR, relative risk; CI, confidence 

interval; CDAI, composite dietary antioxidant index.  

Sources: Data compiled from references [ 11,12,17,18,19,20,22] 

6. DISCUSSION 

The cumulative evidence from this systematic review strongly supports the cardiovascular 

benefit of dietary antioxidants consumed within the context of whole dietary patterns. The 
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Mediterranean diet - the most evidence-validated dietary model for cardiovascular protection - 

derives much of its benefit from the synergistic interaction of multiple antioxidant compounds 

acting simultaneously across complementary molecular pathways.[11] This dietary matrix effect, 

wherein the biological activity of individual antioxidants is amplified by co-occurring nutrients, 

fibre, and phytochemicals, likely explains the consistent epidemiological advantage of food-

derived antioxidants over isolated supplement formulations. 

At the molecular level, the convergence of polyphenol-mediated effects on the Nrf2/HO-1 

axis, NF-kappaB suppression, and eNOS upregulation creates a multi-target intervention profile 

that addresses the principal pathological drivers of CVD simultaneously. [5,14] This mechanistic 

breadth is difficult to replicate with single-nutrient supplementation and may underlie the 

superiority of dietary approaches over isolated supplementation in clinical trials. 

The apparent paradox of antioxidant supplementation - wherein epidemiological data 

strongly supports antioxidant-rich diets yet RCT data for isolated supplements is equivocal or 

harmful - warrants careful mechanistic interpretation. ROS serve not merely as damaging agents 

but as essential second messengers in cardiovascular homeostasis, mediating vascular tone 

regulation, angiogenesis, and immune defence.[3] Supraphysiological antioxidant 

supplementation may therefore suppress physiological ROS signalling, disrupting adaptive 

cellular responses. Additionally, the poor bioavailability and limited tissue distribution of 

compounds such as curcumin and resveratrol when taken as conventional supplements limits 

their in vivo efficacy relative to the complex bioavailability-enhancing milieu of whole 

foods.[15] 

The role of CoQ10 merits particular emphasis given its consistent and clinically meaningful 

effects on lipid profiles and mortality in meta-analytic data, particularly in heart failure 

management.[12] Similarly, the stroke-preventive effects of folic acid supplementation (RR 

0.84) represent a clinically actionable finding with robust mechanistic support through 

homocysteine-lowering and vascular endothelial protection pathways. 

Antioxidant cardioprotection in ischaemia-reperfusion injury represents a clinically 

underexplored area. Quercetin and resveratrol, through their ROS-scavenging and SIRT1-

activating mechanisms, have demonstrated efficacy in reducing infarct size and attenuating 

reperfusion injury in preclinical models.[22] The development of nanoparticle-encapsulated 

formulations to enhance myocardial bioavailability offers a promising bridge between in vitro 

efficacy and clinical translation. 

 

7. FUTURE DIRECTIONS 
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Figure 3: Proposed future research framework for personalised antioxidant cardiovascular 

therapy integrating nutrigenomics, microbiome profiling, and nanoformulation strategies 

Caption: A conceptual framework diagram illustrating a proposed personalised antioxidant 

cardiovascular therapy pipeline. With 'Personalised Cardiovascular Antioxidant Therapy' as the 

central hub in gold. Five surrounding nodes are connected to it: (1) Nutrigenomics: 'SNP 

profiling - GSTP1, MTHFR, Nrf2 variants'; (2) Gut Microbiome: 'Enterotype profiling, 

polyphenol metabolite mapping, urolithins'; (3) Nanoformulation: 'Liposomal curcumin, 

nanoparticle resveratrol, cyclodextrin complexes'; (4) Biomarker Development: 'oxLDL, 8-

isoprostane, CDAI, plasma metabolomics'; (5) Clinical Trials: 'Long-duration whole-diet RCTs 

with hard cardiovascular endpoints'. An arrow showing data flow from each node into the 

central hub and output arrows to 'Reduced CVD Morbidity' and 'Evidence-based Guidelines. 

Sources: Adapted from references [15,17,19] 

 

Several priority areas merit investment in future research. First, the field of nutrigenomics 

offers a pathway towards personalised antioxidant cardiovascular therapy. Inter-individual 

variation in antioxidant efficacy is partially explained by genetic polymorphisms in metabolic 

enzymes (e.g., GSTP1, MTHFR, Nrf2 gene variants), necessitating genotype-guided dosing 

strategies. 

Second, the gut microbiome emerges as a critical determinant of dietary antioxidant 

bioavailability and activity. Polyphenols are extensively metabolised by colonic microbiota into 

bioactive metabolites (e.g., urolithins from ellagitannins, equol from isoflavones) with distinct 

cardiovascular activities. Characterising the enterotype-dependent variation in antioxidant 

metabolism will be essential for predicting and optimising dietary antioxidant efficacy at the 

population level. 

Third, nanoformulation strategies - including liposomal encapsulation, nanoparticle carriers, 

cyclodextrin complexation, and phospholipid complexes - substantially improve the 
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bioavailability of poorly absorbed polyphenols such as curcumin and resveratrol, and may 

facilitate their clinical evaluation in adequately powered cardiovascular endpoint trials. 

Fourth, the development and validation of comprehensive dietary antioxidant biomarkers - 

beyond the current crude measures of plasma antioxidant capacity - will strengthen mechanistic 

research. Composite antioxidant indices combining dietary intake, circulating antioxidant levels, 

urinary metabolomics, and oxidative stress biomarkers (8-isoprostane, oxLDL, 

malondialdehyde) are needed for precision monitoring. 

Finally, adequately powered, long-duration clinical trials examining whole dietary patterns 

(rather than isolated supplements) against hard cardiovascular endpoints, with concurrent 

biomarker mechanistic substudies, are required to generate the level of evidence needed for 

clinical guideline recommendations. 

 

8. CONCLUSIONS 

Dietary antioxidants exert multifaceted cardioprotective effects through well-characterised 

molecular mechanisms including Nrf2/HO-1 activation, NF-kappaB suppression, eNOS 

upregulation, LDL oxidation prevention, and SIRT1/AMPK-mediated mitochondrial protection. 

The weight of clinical evidence supports the superiority of antioxidant-rich whole dietary 

patterns - particularly the Mediterranean diet - over isolated supplement formulations for 

cardiovascular risk reduction. The paradoxical neutral or harmful effects of certain isolated 

antioxidant supplements at supraphysiological doses underscore the importance of the food 

matrix, antioxidant synergism, and physiological redox homeostasis. CoQ10 and folic acid 

emerge as the most clinically validated supplemental antioxidants with meaningful 

cardiovascular benefits. Future research should prioritise nutrigenomic precision medicine, 

microbiome-targeted approaches, novel nanoformulations, and comprehensive biomarker 

development to realise the full therapeutic potential of dietary antioxidants in cardiovascular 

disease prevention and management. 
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