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Abstract  
Cardiovascular diseases (CVDs) are the leading global cause of mortality, responsible for over 
17 million deaths annually. Dietary factors play an essential role in modulating CVD risk 
through mechanisms that include lipid metabolism, inflammation, oxidative stress, and 
endothelial health. This review critically examines the compositional attributes, bioactive 
constituents, and cardiometabolic effects of seven plant-based dietary components frequently 
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advocated in health-promoting diets: chia seeds (Salvia hispanica), flaxseed 
(Linum usitatissimum), coconut milk (Cocos nucifera), peanuts (Arachis hypogaea), 
virgin olive oil (Olea europaea), pumpkin seed (Cucurbita pepo), and walnuts 
(Juglans regia). 
The review aggregates data from clinical trials, epidemiological cohorts, and mechanistic 
studies published between 2000 and 2025, focusing on lipid profile modulation, glycemic 
control, inflammatory biomarkers, and vascular function. Evidence demonstrates that chia 
seeds and flaxseed, rich in plant-based omega-3 α-linolenic acid (ALA) and soluble fiber, 
reduce LDL and triglycerides while improving satiety and glycemic parameters. Virgin olive 
oil and walnuts, major constituents of the Mediterranean diet, consistently exhibit 
anti-inflammatory and endothelial benefits via monounsaturated and polyunsaturated fatty 
acids and polyphenols. Peanuts and pumpkin seeds contribute plant sterols, arginine, and 
vitamin E, attenuating oxidative stress and supporting nitric-oxide-mediated vasodilation. In 
contrast, coconut milk provides medium-chain triglycerides (MCTs) that are rapidly oxidized 
for energy, but evidence on its long-term cardiovascular safety remains mixed. 
Collectively, these foods show synergistic potential for cardiovascular protection through 
complementary lipid-lowering, antioxidative, and anti-inflammatory mechanisms. 
Nonetheless, heterogeneity among studies, variations in processing, and limited high-quality 
randomized controlled trials necessitate further standardization. Optimizing dietary inclusion 
of these nutrient-dense components within balanced dietary models—such as Mediterranean 
or plant-forward diets—represents a pragmatic strategy for cardiovascular disease prevention 
and overall metabolic health. 
 2. Introduction  
Cardiovascular diseases (CVDs) encompass a spectrum of disorders—including coronary 
artery disease, stroke, hypertension, and heart failure—that constitute the foremost cause of 
death and disability worldwide. The World Health Organization (WHO, 2024) estimates 
523 million prevalent cases globally, attributing more than 18 million annual deaths to CVDs, 
with projections indicating continued escalation due to aging, urban stress, and suboptimal 
nutrition patterns. The modifiable nature of dietary habits has positioned nutrition science at 
the center of global strategies for CVD prevention and management. 
Dietary lipids influence plasma cholesterol and triglyceride levels, inflammation, and 
endothelial integrity, while micronutrients and phytochemicals regulate oxidative stress and 
atherogenesis. Over the past three decades, nutritional epidemiology has shifted from 
nutrient-centric to food pattern–based approaches, recognizing that whole foods convey 
synergistic effects beyond isolated nutrients (Hu, 2002; Estruch et al., 2018). The 
Mediterranean and plant-rich diets—featuring seeds, nuts, and plant oils—are consistently 
associated with lower CVD morbidity. 
Among functional foods receiving scientific attention are chia seeds, flaxseed, coconut milk, 
peanuts, virgin olive oil, pumpkin seeds, and walnuts. Each embodies a complex profile of 
lipids, polyphenols, antioxidants, fibers, and bioactive peptides. Together, these constituents 
modulate lipid metabolism, glucose handling, inflammatory cascades, and vascular tone. Their 
regular inclusion may also promote satiety and weight moderation—indirect factors 
influencing CVD risk. 
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• Chia seeds (Salvia hispanica L.) originated from Mesoamerica and are characterized 
by high α-linolenic acid (ω-3), soluble fiber, and mineral content (Ullah et al., 2016). 

• Flaxseed shares similar ω-3 abundance and contains lignans—phytoestrogenic 
compounds such as secoisolariciresinol diglucoside (SDG)—with antioxidative 
potential (Pan et al., 2009). 

• Coconut milk and oils derived from Cocos nucifera are rich in lauric and myristic acids 
(medium-chain saturated triglycerides) whose cardiovascular implications are debated 
(Eyres et al., 2016). 

• Peanuts, though botanically legumes, nutritionally resemble nuts, providing 
monounsaturated fats, arginine, and polyphenols like resveratrol 
(Alrahmany & Tsopmo, 2016). 

• Virgin olive oil remains the cornerstone of the Mediterranean diet, offering oleic acid–
rich MUFAs and hydroxytyrosol polyphenols which improve endothelial performance 
(Widmer et al., 2013). 

• Pumpkin seeds furnish linoleic acid, tocopherols, and phytosterols, historically used 
in lipid-lowering and prostate health (Nkosi et al., 2006). 

• Walnuts, exceeding 60% fat content dominated by PUFAs, supply ALA and 
ellagitannins contributing to anti-atherogenic effects (Ros et al., 2018). 

 
While the cardiovascular value of nuts and seeds is acknowledged, comparative literature 
integrating these seven foods remains fragmented. Previous reviews often target single items 
or broader nut categories (Del Gobbo et al., 2015; Kris-Etherton et al., 2020). A cohesive 
evaluation across composition, mechanism, and clinical outcomes is imperative for formulating 
evidence-based dietary guidelines. 
 
Objectives of this review are to: 
1. Analyze the nutritional and phytochemical composition of the selected plant foods relevant 
to cardiovascular physiology. 
2. Synthesize mechanistic insights linking bioactive components to lipid, inflammatory, and 
endothelial pathways. 
3. Critically appraise clinical and epidemiological evidence evaluating their effects on 
cardiovascular risk markers. 
4. Identify gaps, limitations, and opportunities for future research on integrative dietary 
strategies. 
 
3. Composition and Phytochemistry of Selected Plant-Based Foods  
Overview 
The cardiometabolic potential of plant-derived foods arises from their unique combinations of 
macronutrients (fats, proteins, fibers), micronutrients (minerals, vitamins), and bioactive 
phytochemicals which synergistically modulate lipid metabolism, inflammation, oxidative 
stress, and vascular function. This section systematically profiles chia seeds, flaxseed, coconut 
milk, peanuts, virgin olive oil, pumpkin seeds, and walnuts, integrating comparative 
compositional data, highlighting nutrient heterogeneity, and identifying constituents relevant 
to cardiovascular health. 
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3.1 Chia Seeds (Salvia hispanica L.) 
Macronutrient Composition 
Chia seeds consist of approximately 30–35% oil, 25–30% dietary fiber, 18–24% protein, 
and ~5% ash (Ullah et al., 2016; Coelho & Salas-Mellado, 2015). Around 60% of total fatty 
acids exist as α-linolenic acid (ALA), a plant-based ω-3 fatty acid; linoleic acid (LA) 
constitutes ~20%, and the remainder includes minor saturated fractions such as palmitic and 
stearic acids (Taga et al., 2020). The polyunsaturated/saturated ratio (PUFA: SFA) exceeds 7:1, 
classifying chia as a cardioprotective lipid source. 
Phytochemicals and Bioactive Compounds 
Chia’s antioxidant capacity is linked to phenolic acids (caffeic, chlorogenic, and ferulic acids), 
flavonols (myricetin, quercetin, kaempferol), and polyphenols like rosmarinic acid (Sargi et 
al., 2013). The mucilaginous soluble fiber forms a gel upon hydration, reducing glucose 
absorption and enhancing satiety (Vuksan et al., 2017). The combination of ALA and soluble 
fiber contributes to LDL reduction and antihypertensive potential by modulating endothelial 
nitric oxide synthase (eNOS). Chia proteins provide bioactive peptides with ACE-inhibitory 
properties observed in enzymatic hydrolysates (Sandoval-Oliveros & Paredes-López, 2013). 
Micronutrients 
Minerals are abundant: calcium (631 mg/100 g), magnesium (335 mg), and phosphorus 
(860 mg) (Ixtaina et al., 2011). High Ca:Mg ratios support vascular relaxation and blood 
pressure regulation. 
3.2 Flaxseed (Linum usitatissimum L.) 
Macronutrient Composition 
Flaxseed’s total lipid content ranges between 35–45%, with over 55% ALA, 15–18% linoleic 
acid, 10–20% oleic acid, and lesser saturated fats (Oomah, 2001). Approximately 28% fiber 
(both soluble and insoluble fractions) and 20% protein enrich its metabolic benefits. 
Phytochemicals 
Flaxseed is uniquely rich in lignans, mainly secoisolariciresinol diglucoside (SDG), 
metabolized by gut microbiota into enterodiol and enterolactone, exerting phytoestrogenic 
and antioxidant effects (Adolphe et al., 2010). These metabolites interact with estrogen 
receptor β, regulating lipid metabolism and vascular tone (Prasad, 2009). Additionally, 
phenolic acids (p-coumaric, ferulic, vanillic acids) and flavones (herbacetin, apigenin) 
contribute to ROS scavenging properties (Kajla et al., 2015). 
Protein and Peptide Bioactivity 
Hydrolyzed flax proteins yield peptides with ACE inhibition and cholesterol-lowering 
capacities (Udenigwe et al., 2009). Flax gum (a water-soluble fiber fraction) modulates bile 
acid sequestration and enhances lipid excretion (Kristensen et al., 2012). 
Micronutrients 
Rich sources of Mg, Mn, and thiamine (vitamin B1). Flaxseed’s potassium-to-sodium ratio 
(>500:1) supports antihypertensive potential. 
3.3 Coconut Milk and Derived Products (Cocos nucifera L.) 
Macronutrients 
Coconut milk (liquid extract of coconut flesh) comprises ~24% fat, 2–3% protein, and limited 
carbohydrates. Fatty acid composition is 92% saturated, dominated by lauric acid (C12:0) 
(45–52%), myristic acid (C14:0) (16–20%), and palmitic acid (C16:0) (8–10%) (Nevin & 
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Rajamohan, 2004). Unlike long-chain SFAs, medium-chain triglycerides (MCTs) are absorbed 
directly via the portal vein and rapidly oxidized for energy, generating minimal lipoprotein 
accumulation (Dayrit, 2014). 
Bioactive Compounds 
Coconut phenolics include gallic acid, catechin, salicylic acid, and resorcinol derivatives 
that exhibit mild antioxidant capacity (Yong et al., 2009). Coconut milk provides saponins and 
sterols, which may enhance HDL synthesis (Liau et al., 2011). Lauric acid increases HDL 
cholesterol proportionally more than LDL in some trials, leading to neutral or slight 
improvement of LDL:HDL ratio (Khaw et al., 2018). However, inter-study variability and 
differing processing (fresh vs commercial canned milk) markedly influence outcomes. 
Micronutrients 
Contains potassium (220 mg/100 mL) and trace manganese and selenium. Certain commercial 
products include emulsifiers or sugars that may offset health gains. 
3.4 Peanuts (Arachis hypogaea L.) 
Macronutrient Composition 
Peanuts provide ~50% lipid, 25% protein, and 8% carbohydrates (Ros, 2010). The lipid 
fraction predominantly comprises monounsaturated fatty acids (MUFA, 55%), mainly oleic 
acid, and polyunsaturated fatty acids (PUFA, 26%), largely linoleic acid (Tindall et al., 
2019). The PUFA:SFA ratio (~3:1) reflects a lipid profile similar to tree nuts. 
Phytochemicals 
Peanuts contain resveratrol, p-coumaric acid, ferulic acid, and stilbenes, conferring 
significant antioxidant potential. Roasting increases extractable polyphenols by triggering 
complex Maillard reaction products (Nepote et al., 2009). The skin contains abundant 
proanthocyanidins and catechins (Francisco & Resurreccion, 2008). 
Amino Acids and Bioactive Peptides 
Peanuts are arginine-rich (3.2 g/100 g), providing precursors for nitric oxide production and 
vasodilation (McKnight et al., 2010). Protein hydrolysates have demonstrated ACE-inhibitory 
activity (Zhuang et al., 2013). 
Micronutrients 
Excellent source of niacin, vitamin E (8 mg/100 g), folate, magnesium (190 mg), and 
phytosterols (stigmasterol, campesterol, β-sitosterol) known to block intestinal cholesterol 
absorption (Awad et al., 2000). 
3.5 Virgin Olive Oil (Olea europaea L.) 
Lipid Profile 
Virgin olive oil (VOO) contains 70–80% oleic acid (C18:1, MUFA), 10–15% linoleic acid, 
and minor saturated fats (palmitic, stearic acids) (Covas et al., 2015). The high MUFA:SFA 
ratio (~7:1) contributes to reduced LDL oxidation susceptibility. 
Phenolic Constituents 
VOO’s health benefits derive from phenolic alcohols (tyrosol, hydroxytyrosol), secoiridoids 
(oleuropein, oleocanthal), and flavonoids (luteolin, apigenin). Hydroxytyrosol is a potent 
scavenger of hydroxyl radicals and inhibits LDL peroxidation (Granados-Principal et al., 
2010). Oleocanthal mimics the pharmacologic action of ibuprofen via cyclooxygenase 
inhibition (Beauchamp et al., 2005). 
Minor Components 
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Squalene (4–6 g/kg), tocopherols (150–200 mg/kg), carotenoids, and plant sterols enhance 
antioxidant stability. Chlorophyll pigments act synergistically with polyphenols for singlet-
oxygen quenching (Servili & Montedoro, 2002). 
Micronutrients 
VOO retains traces of vitamin E and K. Processing (cold-press vs refined) critically determines 
phenolic content and cardioprotective potential; unrefined or extra-virgin variants contain up 
to 10× more phenolics than refined oils (Tuck & Hayball, 2002). 
3.6 Pumpkin Seeds (Cucurbita pepo L.) 
Macronutrients 
Pumpkin seeds comprise ~40–50% oil, 30–35% protein, and 5–8% carbohydrates (Rezig et 
al., 2012). The fatty acid profile reveals linoleic acid (C18:2, 45–50%), oleic acid (30–40%), 
and <15% saturated fats, producing a favorable PUFA:SFA ratio for lipid moderation. 
Phytochemical Constituents 
Pumpkin seed oil contains tocopherols (especially γ-tocopherol > 530 mg/kg), phytosterols 
(β-sitosterol, Δ7-stigmasterol), squalene, and carotenoids (lutein, β-carotene) (Nkosi et al., 
2006; Stevenson et al., 2007). These compounds display lipid-lowering, anti-atherosclerotic, 
and anti-inflammatory activities through modulation of hepatic lipid enzymes and NF-κB 
signaling (Gossell-Williams et al., 2008). 
Protein Characteristics 
Pumpkin seed protein isolates exhibit high arginine and glutamic acid contents promoting NO 
synthesis and antioxidative defense; enzymatic hydrolysates reveal ACE-inhibitory sequences 
(Nakic et al., 2006). 
Micronutrients 
Zinc levels (~7.5 mg/100 g) and magnesium (~530 mg/100 g) contribute to vascular tone and 
glucose metabolism. 
3.7 Walnuts (Juglans regia L.) 
Macronutrient Composition 
Walnuts contain 60–65% fat, 15% protein, and ~7% fiber (Ros et al., 2018). Approximately 
47% of total fat is linoleic acid and 13–15% ALA, establishing an ω-6:ω-3 ratio around 3:1—
more balanced than most nuts (Kris-Etherton et al., 2020). 
Phenolic Compounds 
Walnut kernels are rich in ellagitannins, ellagic acid, and phenolic acids (gallic, chlorogenic, 
syringic), along with flavonoids (catechin, epicatechin) (Pereira et al., 2008). These 
compounds exhibit antioxidant capacities over 20 mmol TE/100 g, one of the highest among 
nuts (Blomhoff et al., 2006). 
Protein and Polyphenol Synergy 
The matrix of lipids, fiber, and phenolics enhances lipid-lowering efficacy. Walnuts’ ALA 
contributes to membrane fluidity and eNOS activation, improving endothelial-dependent 
vasodilation (Ros et al., 2010). 
Micronutrients 
Walnuts provide magnesium (158 mg/100 g), copper, and melatonin (~3.5 ng/g), the latter 
potentially supporting circadian regulation of vascular oxidative stress (Reiter et al., 2005). 
3.8 Comparative Phytochemical and Nutrient Summary 
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Food Item Predominant 
Lipids Distinct Phytochemicals Functional Highlights 

Chia seeds ALA (60% of 
lipids) 

Chlorogenic, caffeic, 
rosmarinic acids 

ω-3 source; antioxidant; 
mucilage for glycemic control 

Flaxseed ALA (55%), LA 
(15%) 

Lignans (SDG), ferulic 
acid 

Phytoestrogenic antioxidants; 
ACE-inhibitory peptides 

Coconut 
milk 

Lauric > myristic 
acids Phenolic acids, saponins MCTs for rapid oxidation; HDL 

elevation but SFA concern 

Peanuts Oleic (55%), LA 
(26%) 

Resveratrol, p-coumaric 
acid 

Arginine-driven vasodilation; 
antioxidant skin polyphenols 

Virgin 
olive oil Oleic (70–80%) Hydroxytyrosol, 

oleuropein, oleocanthal 
Anti-inflammatory; LDL 
oxidation inhibition 

Pumpkin 
seeds 

LA (45%), oleic 
(35%) 

γ-Tocopherol, 
phytosterols, carotenoids 

Lipid-lowering; anti-
inflammatory; mineral-rich 

Walnuts LA (47%), ALA 
(13%) Ellagitannins, catechins Antioxidant; balanced n-6/n-3; 

endothelial benefits 
 
3.9 Phytochemical–Mechanistic Relevance to Cardiovascular Function 

1. Omega-3 (ALA) and Omega-6 (LA) Fatty Acids 
o Modulate eicosanoid synthesis; shift toward anti-inflammatory prostaglandins 

and leukotrienes (Simopoulos, 2016). 
o Decrease plasma triglycerides and improve endothelial function. 

2. Phenolic and Lignan Antioxidants 
o Scavenge reactive oxygen species, inhibit LDL oxidation, and attenuate NF-κB-

driven vascular inflammation (Covas, 2008; Borges et al., 2017). 
3. Plant Sterols and Tocopherols 

o Compete with cholesterol for intestinal absorption and stabilize lipoproteins 
against peroxidation. 

4. Bioactive Peptides (ACE blockers) 
o Present in chia, flax, and pumpkin proteins; contribute hypotensive effects via 

renin–angiotensin modulation (Miguel, 2011). 
5. Arginine and Nitric Oxide Pathway 

o Nuts/seeds augment NO synthesis enhancing vasodilation, reducing platelet 
aggregation (Liu et al., 2013). 

3.10 Synthesis 
Across all seven foods, lipid quality (MUFA/PUFA dominance), antioxidant phytochemicals, 
and bioactive peptides emerge as overlapping mechanisms for cardiovascular protection. The 
botanical diversity ensures heterogeneity—omega-3 dominance in chia/flax/walnut; MUFA in 
olive oil and peanuts; phytosterol and tocopherol enrichment in pumpkin seeds; functional 
MCTs in coconut milk. This compositional synergy supports dietary patterns emphasizing 
whole-food variety rather than isolated nutrient supplementation. However, variations in 
cultivar, extraction, roasting, and storage can modify phenolic content—calling for stricter 
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standardization in future intervention trials. 
4. Mechanisms of Action  
We will analyze how these phytochemicals and nutrients act at molecular and physiological 
levels—antioxidant regulation, lipid metabolism, inflammatory modulation, endothelial 
function, and gut microbiota interactions. 
4. Mechanisms of Action of Selected Plant Foods in Cardiovascular Health  
4.1 Introduction 
The cardioprotective effects of chia seeds, flaxseed, coconut milk, peanuts, virgin olive oil, 
pumpkin seeds, and walnuts rely on diverse yet overlapping biochemical pathways influencing 
lipid metabolism, inflammation, oxidative stress, and vascular function. Understanding these 
mechanisms provides insight into their collective potential in preventing or ameliorating 
cardiovascular diseases (CVDs). The mechanisms can be categorized into (1) lipid modulation, 
(2) antioxidant and anti-inflammatory actions, (3) endothelial and nitric-oxide signaling, (4) 
blood-pressure regulation, (5) metabolic and glycemic effects, and (6) gut microbiota-mediated 
mechanisms. 
4.2 Lipid Modulation Pathways 
a. Polyunsaturated and Monounsaturated Fatty Acid Influence 
Diets enriched with polyunsaturated fatty acids (PUFAs)—notably α-linolenic acid (ALA) 
from chia, flax, and walnut—and monounsaturated fatty acids (MUFAs) from olive oil and 
peanuts—reduce serum total and LDL cholesterol while either maintaining or raising HDL 
cholesterol (Hu et al., 2001; Mensink et al., 2016). ALA undergoes partial bioconversion to 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), precursors to 
anti-inflammatory eicosanoids (Wang et al., 2018). 
  - Chia and flax ALA reduce hepatic lipogenesis through suppression of SREBP-1c and 
induction of PPARα, increasing fatty acid β-oxidation (Poudyal et al., 2013). 
- Walnut lipids improve apolipoprotein-A1 and HDL efflux capacity (Ros et al., 2018). 
- Olive oil MUFAs stabilize LDL particles, reducing susceptibility to oxidative modification 
(Covas, 2008). 
b. Phytosterol Action 
Peanuts and pumpkin seeds contain β-sitosterol, campesterol, and stigmasterol, which 
structurally mimic cholesterol. They competitively inhibit intestinal cholesterol absorption by 
reducing micellar solubility, leading to up to 10% LDL-cholesterol reduction when 
consumed ≥2 g/day (Demonty et al., 2009). Combined intake of sterols and plant oils hence 
amplifies lipid-lowering effects. 
c. Medium-Chain Triglycerides in Coconut Milk 
Lauric and myristic acids from coconut milk behave differently from long-chain saturated fats. 
MCTs undergo swift mitochondrial oxidation, providing immediate energy and attenuating 
deposition into triglyceride stores (Dayrit, 2014). However, chronic high intake may modestly 
elevate LDL in sensitive populations. Evidence suggests that lauric acid increases HDL 
proportionally more than LDL, improving the TC:HDL ratio (Khaw et al., 2018). 
4.3 Antioxidant and Anti-Inflammatory Mechanisms 
a. Polyphenolic Defense Systems 
Phenolic acids, flavonoids, and lignans across these foods mitigate oxidative stress—a central 
driver of atherosclerosis—via multiple mechanisms: 
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1. Direct Radical Scavenging: Hydroxytyrosol (olive oil), rosmarinic acid (chia), 
catechins (walnut, peanut skins), and ferulic acid (flaxseed) scavenge reactive oxygen 
species and chelate transition metals (Granados-Principal et al., 2010; Borges 
et al., 2017). 

2. Enzymatic Up-regulation: Polyphenols up-regulate antioxidant enzymes—
superoxide dismutase (SOD), catalase, and glutathione peroxidase—through 
Nrf2-KEAP1 pathway activation (Ramos & Martins, 2019). 

3. Inhibition of LDL Oxidation: Olive phenolics and walnut ellagitannins prevent 
Cu²⁺-induced LDL oxidation, thus impeding foam-cell formation (Covas et al., 2015). 

4. Inflammatory Gene Modulation: Lignans (SDG) suppress NF-κB and COX-2 
transcription, decreasing cytokines IL-6, TNF-α, and CRP (Prasad, 2009). 

b. Tocopherols and Carotenoids 
Pumpkin seed oil’s γ-tocopherol and walnuts’ α-tocopherol inhibit lipid peroxidation in 
cellular and plasma membranes (Kaul et al., 2006). These vitamins further synergize with 
phenolics to preserve endothelial nitric-oxide bioavailability. 
c. Oleocanthal and Anti-Inflammatory Signaling 
Oleocanthal in extra-virgin olive oil exerts COX-1/COX-2 inhibition analogous to NSAIDs, 
producing lower systemic inflammatory load without gastrointestinal toxicity (Beauchamp 
et al., 2005). Long-term intake correlates with reduced CRP and fibrinogen (Bondia-Pons 
et al., 2007). 
4.4 Endothelial and Nitric-Oxide (NO) Pathways 
a. L-Arginine Metabolism 
Pumpkin seeds and peanuts are natural sources of L-arginine, the substrate for endothelial 
nitric-oxide synthase (eNOS), which maintains vascular tone and prevents platelet 
aggregation (Boger, 2004). Elevated arginine enhances NO-cGMP signaling, promoting 
vasodilation and blood-pressure reduction. Peptide fractions from chia and flax also stimulate 
ACE inhibition, increasing bradykinin availability and further encouraging NO release 
(Udenigwe et al., 2009). 
b. Endothelial Function Enhancement 
Clinical data from olive oil, nut, and seed interventions demonstrate enhanced flow-mediated 
dilation (FMD)—a surrogate for endothelial health. 
- Walnut consumption (30 g/day) increased FMD by 24% versus control diets (Cortes 
et al., 2006). 
- Olive oil phenolics improve endothelial progenitor cell function via NO synthase activation 
(Morales et al., 2014). 
- Chia ALA and soluble fiber attenuate vasoconstrictor endothelin-1 expression (Poudyal 
et al., 2013). 
4.5 Blood-Pressure and Antihypertensive Actions 

1. ACE-Inhibitory Peptides: Hydrolysates from chia, flax, and pumpkin proteins inhibit 
ACE in vitro with IC₅₀ values comparable to synthetic captopril (Miguel, 2011). 

2. Mineral Content: High magnesium and potassium in seeds and nuts contribute to 
vascular relaxation and improved Na⁺/K⁺ balance (Houston, 2011). 

3. L-Arginine-NO Pathway: Reiterated as the driver of peripheral resistance reduction. 
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4. Polyphenol-Mediated Vasodilation: Olives and walnuts up-regulate endothelial NO 
synthase through phosphatidylinositol-3 kinase/Akt signaling (Jimenez-Monreal 
et al., 2018). 

Crossover clinical trials consistently show modest yet significant systolic reductions (2–
5 mmHg) with nut-enriched diets (Banel & Hu, 2009). 
4.6 Glycemic and Metabolic Mechanisms 
Soluble Fiber and Postprandial Glycemia: 
Chia and flax mucilage slow the digestive process, forming viscous gels that limit 
carbohydrate availability and gastric emptying. Human studies report decreased 
postprandial glucose and insulin spikes (Vuksan et al., 2017). Fiber also increases 
short-chain fatty acids (SCFAs) via colonic fermentation, enhancing GLP-1 secretion and 
insulin sensitivity. 
Fatty Acid–Induced Insulin Sensitivity: 
MUFAs from olive oil and peanuts enhance cell-membrane fluidity, positively influencing 
insulin receptor activity (Lopez et al., 2011). Conversely, balanced ω-3 intake from 
chia/flax/walnuts downregulates inflammatory adipokines (resistin, TNF-α) associated 
with insulin resistance (Bays, 2011). 
MCTs and Energy Expenditure: 
Lauric and capric acids from coconut milk stimulate thermogenesis and satiety hormones 
(Poppitt et al., 2014), which could indirectly benefit weight and lipid management if 
consumed moderately. 
4.7 Gut Microbiota Modulation 
Emerging evidence links the gut microbiome to systemic inflammation and lipid metabolism. 

• Flaxseed lignans are biotransformed by Ruminococcus sp. and Clostridium sp. into 
enterolignans, which exert systemic antioxidant and estrogenic effects (Clavel 
et al., 2006). 

• Walnut and olive polyphenols enhance beneficial genera such as Faecalibacterium 
prausnitzii and Lactobacillus, associated with gut barrier integrity and reduced 
endotoxemia (Holmes et al., 2020). 

• Dietary fiber from chia and pumpkin acts as prebiotic substrates, supporting SCFA 
(butyrate, propionate) production which activates GPR41/43 receptors, lowering 
systemic inflammation and blood pressure (Louis et al., 2016). 

Thus, gut microbial biotransformation of plant phenolics and fibers constitutes a pivotal 
mechanistic bridge between diet and vascular health. 
4.8 Anti-Thrombotic and Platelet Aggregation Effects 
Walnuts, peanuts, and olive oil reduce platelet activation markers (P-selectin, 
thromboxane B₂). Omega-3 PUFAs decrease platelet membrane arachidonic acid, reducing 
pro-aggregatory eicosanoid synthesis (Gajos et al., 2014). In vitro, olive oil’s hydroxytyrosol 
inhibits platelet phospholipase A₂ activity by more than 50% (Petroni et al., 1995), enhancing 
hemodynamic stability. 
4.9 Anti-Atherogenic Lipoprotein Effects 

• Reduced LDL oxidation: polyphenols form protective complexes on the LDL surface 
(Covas, 2008). 
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• Increased HDL functionality: walnuts and olive oil improve cholesterol efflux 
capacity via ABCA1 transporter up-regulation (Hernáez et al., 2017). 

• Triglyceride lowering: ALA and MUFAs suppress hepatic DGAT2 enzyme activity, 
reducing VLDL output (Poudyal et al., 2013). 

Collectively, these mechanistic shifts retard atheroma progression and stabilize plaques. 
4.10 Integration of Multiple Mechanisms 
The cardioprotective profile of each food lies not in single components but the synergistic 
convergence of multiple factors: 
Mechanistic Axis Key Foods Principal Biochemical Effect 

Lipid Metabolism Chia, Flax, Walnut, 
Olive oil 

ALA & MUFAs regulate PPARα/SREBP-1, 
↓LDL/TC 

Antioxidant 
Activity 

All (esp. Olive, 
Walnut) Polyphenols upregulate Nrf2, ↓ROS 

Endothelial 
Function 

Peanuts, Pumpkin, 
Walnut 

Arginine → NO ↑ → FMD ↑ 

Anti-Inflammatory Olive oil, Flax, Chia NF-κB ↓ COX-2 ↓ IL-6 ↓ 
Glycemic 
Regulation Chia, Flax Soluble fiber → SCFAs → Insulin sensitivity ↑ 

Gut Microbiota Flax, Walnut, Olive Polyphenols → Eubiosis ↑ → Inflammation ↓ 
Anti-Thrombotic Olive, Walnut Thromboxane ↓ Platelet aggregation ↓ 
This multidimensional influence indicates that dietary combinations—such as nuts mixed with 
olive oil and fiber-rich seeds—could yield additive or synergistic cardiovascular benefits. 
4.11 Limitations and Variability in Mechanistic Data 
Although randomized controlled trials (RCTs) and mechanistic studies suggest clear pathways, 
certain variables can influence the magnitude of effects: 

• Genetic polymorphisms (e.g., FADS1/FADS2) affect conversion of 
ALA → EPA/DHA. 

• Processing (roasting, refining, oxidation) alters phenolic and tocopherol levels. 
• Matrix interactions among fibers, oils, and proteins may influence bioavailability. 
• Species and cultivar differences yield variability in fatty acid ratios. 

Hence, standardization across research methodologies is necessary to quantify precise 
molecular impacts. 
Section 5. Human Clinical Trials and Epidemiological Evidence  
5.1 Introduction 
Human intervention trials and large-scale epidemiological cohorts provide the empirical 
foundation linking nutrient-rich foods—such as chia seeds, flaxseed, coconut milk, peanuts, 
virgin olive oil, pumpkin seeds, and walnuts—to cardiovascular health. These studies evaluate 
biomarkers including blood lipids (LDL-C, HDL-C, TG, TC), inflammatory mediators 
(CRP, TNF-α, IL-6), blood pressure, glycemic control, and clinical outcomes like 
myocardial infarction and stroke. This section synthesizes over two decades of evidence. 
5.2 Chia Seeds 
Clinical Interventions 
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Vuksan et al. (2017) conducted a double-blind randomized trial (n = 77 T2DM patients). 
Supplementation with 37 g/day of milled chia seed for 12 weeks, compared to wheat bran, 
resulted in –6.3 mg/dL LDL reduction, +1.1 mg/dL HDL increase, and lower systolic BP (–
6.5 mmHg). HbA1c fell 0.3%. Improvement correlated with increased plasma ALA and 
decreased inflammatory CRP. 
A crossover trial by Nieman et al. (2012) (n = 90) confirmed reduced postprandial glycemia 
and lower diastolic BP (–3 mmHg) over 10 weeks. 
Jin et al. (2020) meta-analysis (12 RCTs, n = 549) concluded chia intake significantly reduces 
triglycerides (–18 mg/dL) and systolic BP (–3.5 mmHg) but does not alter fasting glucose or 
HDL at short durations (<16 weeks). 
Epidemiological Insights 
Population data are limited given chia’s relatively recent Western introduction. However, 
Mexican and Latin American cohorts consuming higher ALA from chia/linseed report up to 
14% lower CVD incidence (Arellano-Campos et al., 2023). 
5.3 Flaxseed 
Randomized Trials 
A pivotal study by Pan et al. (2009) (n = 110 hypercholesterolemic adults) found 30 g/day 
ground flaxseed reduced LDL 12.6% and Lp(a) 14% after 12 weeks vs control wheat. 
Delgado-Lista et al. (2012) administered a similar dose to premenopausal women, finding 
↓ TC 9.4%, ↓ LDL 11.5%, and no HDL change. 
In a 1-year RCT, Rodriguez-Leyva et al. (2013) (n = 50 hypertensives) observed flax bread 
(30 g/day) reduced systolic BP by 10 mmHg and diastolic –7 mmHg, the largest dietary 
reduction outside pharmacologic therapy. 
Meta-analyses: 
• Khalesi et al. (2015) (27 trials): significant ↓ TC (–0.16 mmol/L), ↓ LDL (–0.09), ↓ ApoB (–
0.13 g/L). 
• Pan et al. (2009): other metabolic benefits—↓ fasting glucose (–0.23 mmol/L) and HbA1c (–
0.4%). 
Mechanistic Clinical Markers 
Flax consumption elevated plasma enterolactone, inversely correlated with CRP levels 
(Tarpila et al., 2002). Increased flow-mediated dilation ( +12%) was documented 
by Rodriguez-Leyva et al. (2013), reflecting improved endothelial function. 
Population Studies 
Cohorts from Finland and Canada reveal top-quartile lignan intake correlates with 15–
20% lower CVD risk and reduced postmenopausal mortality (Vanharanta et al., 2003). 
5.4 Coconut Milk 
Human Studies 
Compared to solid fats, coconut products show heterogeneous lipid effects. 
Voon et al. (2011): 80 healthy adults, 4-week dietary crossover; coconut milk (50 g fat/day) 
yielded ↑HDL (10%), but ↑LDL (8%) relative to soybean oil. 
Khaw et al. (2018) conducted a 50-subject Malaysian RCT comparing coconut oil vs butter vs 
olive oil (3 × 30 g/day for 4 weeks). Coconut oil raised HDL (+15%), LDL unchanged, 
producing better LDL:HDL ratio (–0.13). 
Contrarily, the Mozaffarian & Clarke (2009) meta-analysis classified SFAs (lauric/myristic) 
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as cholesterol-raising, recommending moderation despite metabolic neutrality of MCTs. 
Epidemiological Data 
Polynesian islanders with habitual high coconut intake but overall low energy excess exhibit 
low CVD mortality (Prior et al., 1981). However, confounding factors—physical activity and 
minimal processed foods—limit extrapolation. 
5.5 Peanuts 
Controlled Feeding Trials 
The Portfolio Diet Trial (Jenkins et al., 2003; n = 46 hyperlipidemic subjects) integrated 
30 g/day nuts—mainly peanuts and almonds—with plant sterols, soy protein, and viscid fiber, 
reducing LDL by 28.6%, comparable to lovastatin (29.8%). 
Alper & Mattes (2003) showed inclusion of 500 kcal/day peanuts in isocaloric diet maintained 
body weight but reduced plasma TG 11% and LDL 10% after 8 weeks. 
Ma et al. (2021) meta-analysis (18 RCTs, n ≈ 1,900): peanut consumption modestly ↓ TC (–
0.07 mmol/L), ↓ LDL (–0.05), increased HDL (+0.03). 
Inflammatory and Endothelial Findings 
Blesso et al. (2014) observed daily 42 g peanuts reduced IL-6 and TNF-α after 12 weeks. 
Flow-mediated dilation (FMD) improved 2.4% points, possibly via arginine → NO pathways. 
Guasch-Ferré et al. (2020)—Prospective Nutrition cohort (> 200,000 subjects)—reported 20–
25% lower coronary heart disease incidence among high nut (mainly peanut) consumers. 
5.6 Virgin Olive Oil 
PREDIMED Trial (Pivotal Evidence) 
The Prevención con Dieta Mediterránea (PREDIMED) RCT (Estruch et al., 2013) 
assigned 7,447 Spaniards at cardio-metabolic risk to: 
1. Mediterranean diet + extra-virgin olive oil (EVOO 1 L/week), 
2. Mediterranean diet + mixed nuts 30 g/day, or 
3. Low-fat control. 
After 4.8 years, the EVOO group achieved –30% relative reduction in major CVD events 
(HR 0.70; 95% CI 0.54–0.92). LDL oxidation decreased 12%; CRP –16%. 
Hernáez et al. (2017) demonstrated improved HDL anti-oxidative and efflux capacity 
following EVOO consumption, linking polyphenols to increased PON1 activity. 
Other Clinical Outcomes 
In Arranz et al. (2015), 50 mL/day EVOO for 8 weeks lowered inflammatory IL-6 (–
30%) and MCP-1 (–20%). 
Bondia-Pons et al. (2007) confirmed improved endothelial function (FMD ↑ 3.1 points). 
Collective meta-analyses (Schwingshackl et al., 2022) encompassing 30 cohorts 
show 35% CVD mortality reduction for highest vs lowest EVOO intake. 
5.7 Pumpkin Seeds 
Clinical Trials 
Though fewer than nut/seed trials, several demonstrate consistent improvements: 

• Gossell-Williams et al. (2011): Hypertensive postmenopausal women 
consuming 2 tsp/day pumpkin seed oil (≈3 g) for 6 weeks had –4% SBP reduction and 
↑ HDL 17% vs placebo. 

• Badgujar et al. (2019): In hyperlipidemic rats and pilot human subset 
(n = 32), 10 g/day seed powder led to ↓ TG 15%, ↓ LDL 8%, ↑ HDL 10%. 
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• Zuhair et al. (2000) previously recorded cholesterol ↓ 20% following pumpkin-oil 
supplementation in hypercholesterolemic populations. 

Mechanisms correspond to rich PUFA and phytosterol content supporting 
hepatic LDL receptor up-regulation. 
Epidemiological Notes 
Comprehensive cohorts are sparse, but dietary analyses of Central European populations found 
inverse relationships between pumpkin seed oil intake and serum CRP 
(Burton-Freeman et al., 2019). 
5.8 Walnuts 
Randomized Controlled Trials 
Walnuts are the most extensively studied nut in cardiology. 
Sabaté et al. (1993) first reported 13% LDL reduction replacing 20% of calories with walnuts. 
Subsequent RCTs (Banel & Hu, 2009; Ros et al., 2018) supported average LDL drops of 8–
16% and modest HDL increase. 
The WAHA Trial (Walnuts and Healthy Aging) 
(Rajaram et al., 2021; n = 708 elderly subjects over 2 years) observed 
11.2 mg/dL LDL reduction, –4.3 mg/dL TC, no body weight 
gain, but improved endothelial function markers (FMD ↑ 7%). 
Meta-analysis Becerra-Tomás et al. (2017) found daily walnut intake (≥30 g) reduced TC (–
9.6 mg/dL), LDL (–6.2), TG (–8.1), with no HDL change. 
C-reactive Protein and IL-6 fell 8–15% after 8 weeks in 
Hernandez-Alonso et al. (2014), indicating anti-inflammatory capacity. 
Epidemiological Cohorts 
Nurses’ 
Health Study and Health Professionals Follow-Up Study (Guasch-Ferré et al., 2018) tracked
 210,000 participants/30 years: ≥5 servings walnuts per week linked to 19% lower CVD mort
ality. 
Pooled meta-analyses of 25 prospective studies (Kris-Etherton et al., 2022) show 10 g/day 
nuts → 5% CVD risk reduction. 
5.9 Comparative Summary of Key Clinical Indicators 

Food LDL-C C
hange 

HDL-C C
hange 

TG Ch
ange 

SBP Ch
ange 

Inflammatory Bi
omarkers 

Primary Referen
ces 

Chia seed ↓ 5–
8 mg/dL 

↑ 1–
2 mg/dL 

↓ 10–
12 mg/d
L 

↓ 3–
5 mmHg ↓ CRP (–15%)  Vuksan 2017; Jin 

2020 

Flaxseed ↓ 12–15% ↔  ↓ 8–
10% 

↓ 10 mm
Hg ↓ CRP (–25%)  Rodriguez-Leyva

 2013 
Coconut mi
lk ↔ to ↑ 8% ↑ 8–15% ↔  ↔   Neutral  Khaw 2018 ; Voo

n 2011 

Peanuts ↓ 5–10% ↑ 2% ↓ 11% ↓ 2–
3 mmHg ↓ IL-6 (–10%)  Alper 2003; Bless

o 2014 
Olive oil (E ↓ 12%  ↑ 2–5% ↓ 8% ↓ 6 mm ↓ CRP (–  Estruch 2013; Arr
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Food LDL-C C
hange 

HDL-C C
hange 

TG Ch
ange 

SBP Ch
ange 

Inflammatory Bi
omarkers 

Primary Referen
ces 

VOO) Hg 16%) ↓ IL-6 (–
30%) 

anz 2015 

Pumpkin s
eed oil ↓ 8–10% ↑ 10–17% ↓ 15% ↓ 4 mm

Hg  –   Gossell-Williams
 2011 

Walnuts ↓ 8–16% ↔ to ↑ 5% ↓ 8–
10% 

↓ 3–
5 mmHg 

↓ CRP (–
15%) ↓ IL-6 (–
12%) 

 Ros 2018; Rajara
m 2021 

 
5.10 Synergistic Epidemiological Models 
Mediterranean Diet and Combined Foods 
The integration of olive oil and nuts is central to Mediterranean dietary patterns, producing 
synergistic cardioprotection. In PREDIMED-Plus (Martínez-González et al., 2019), 
both EVOO and mixed nuts achieved a 39% reduction in metabolic syndrome incidence. 
Global Burden of Diseases 2021 analyses attribute ~2.5 million 
annual deaths worldwide to low nut and seed consumption—affirming population-
level benefit (Micha et al., 2021). 
Plant-Forward Dietary Patterns 
Cohorts following plant-based diets rich in seeds/oils exhibit lower BMI, lower TG, ↑ HDL, 
and reduced CHD risk ~30–40% (Hu et al., 2018). Inclusion of ALA-rich seeds led to 
consistent inverse dose-response associations with fatal arrhythmias (Albert et al., 2002). 
Cultural Dietary Contexts 

• Asian populations with increasing adoption of nuts (often 
peanuts, pumpkin seeds, and coconut products) demonstrate 
growing evidence of metabolic benefit (Ye et al., 2023). 

• Latin American Cohorts (ELSA-Brasil, 2020) highlight ALA-rich 
diets correlating with lower arterial stiffness. 

5.11 Long-Term Outcomes and Meta-Analytic Consensus 
Blood Lipids 
Comprehensive meta-analysis by Becerra-Tomás et al. (2020) (61 RCTs, n = 2,582) 
confirmed that nut/seed oils systematically reduce LDL (–0.10 mmol/L), TG (–0.11), and 
slightly raise HDL (+0.02). 
Inflammation and Endothelial Function 
Del Gobbo et al. (2015) 
aggregated 25 trials showing increased FMD by 2.4% with oil/nut interventions. CRP reducti
ons of 0.14 mg/L were statistically significant. 
Clinical Cardiovascular Events 
-
 Meta-analysis of 350 000 participants (Kris-Etherton et al., 2022): each 28 g/day nuts → 21% 
lower CHD, 25% fewer ischemic strokes. 
-
 ALA-specific studies (Waldoch et al., 2019) associate 1% energy from ALA with 10% CVD ri



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol-13: Issue 8 

www.healthinformaticsjournal.com 

Open Access 

7617 

 

 

sk reduction. 
Intermediate biomarker changes translate into significant event reductions. 
5.12 Safety, Tolerability, and Compliance 
All foods reviewed are broadly safe within dietary ranges. Reported adverse effects: digestive 
discomfort from high fiber chia/flax intakes >50 g/day. Coconut milk’s caloric density and satu
rated fats necessitate moderation. Allergic reactions rare but documented in 1–
2% of peanut/nut consumers. Clinical trials report ≥95% compliance over 3 months; extended l
ong-term adherence benefits observed in Mediterranean studies. 
5.13 Discussion of Concordance and Disparities Across Studies 
Concordant Findings: 
-
 Substitution of refined carbohydrates or saturated fat sources with these plant foods improves l
ipid profiles and inflammatory status. 
-
 Combined olive oil + nuts consumption yields synergistic effects on LDL and oxidative marke
rs. 
Disparities and Limitations: 
- Coconut milk trials short (< 8 weeks) and inconsistent. 
- Chia data limited to small samples (n < 100). 
- Pumpkin seed studies lack large RCTs. 
-
 Heterogeneity in dose, form (raw vs milled vs oil), and background diet complicates comparis
ons. 
- Few studies consider ethnic and genetic variability in PUFA metabolism. 
Despite these differences, meta-analytical trends consistently favor cardioprotective benefits of
 moderate regular consumption (25–40 g/day). 
 
Section 6. Comparative Analysis and Synergistic Dietary Models (≈1,000 words) 
6.1 Overview 
The foods analyzed—chia seeds, flaxseed, coconut milk, peanuts, virgin olive oil, pumpkin 
seeds, and walnuts—deliver complex but complementary nutrient matrices that appear to 
converge on several cardioprotective mechanisms. Unlike single-nutrient supplements, when 
these plant foods are consumed together within balanced diets, their biochemical actions form 
a multi-targeted network effect involving lipid regulation, inflammation control, vascular 
maintenance, and metabolic homeostasis. This section examines how these foods interact 
synergistically and compares their contributions to established dietary models such as the 
Mediterranean diet, plant-based diets, and functional-food portfolios. 
6.2 Cross-Comparison of Nutrient Attributes 
Functional 
Axis 

Top Contributing 
Foods 

Key Bioactive 
Components 

Primary Cardiovascular 
Benefit 

ω-3 PUFA 
(ALA) Chia > Flax > Walnut α-Linolenic acid ↓ Triglycerides, ↓ Inflamma

tion 
MUFA Olive oil > Peanuts >  Oleic acid ↓ LDL oxidation, ↑ HDL 
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Functional 
Axis 

Top Contributing 
Foods 

Key Bioactive 
Components 

Primary Cardiovascular 
Benefit 

(Oleic acid) Pumpkin 

Phytosterols Pumpkin > Peanuts > 
Flax 

β-Sitosterol + Companion
s 

↓ Intestinal cholesterol 
absorption 

Phenolic 
Antioxidants 

Olive oil > Walnut > 
Flax > Chia 

Hydroxytyrosol, Ellagitan
nins, Lignans 

↓ Oxidative stress, ↓ IL-6/C
RP 

Bioactive Pep
tides 

Flax > Chia > Pumpki
n ACE-inhibitory peptides ↓ Blood pressure 

Mineral Dens
ity 

Pumpkin > Chia > W
alnut Mg, K, Zn Vasodilation, BP control 

MCT Energy
 Lipids Coconut milk Lauric acid, Capric acid Rapid oxidation, satiety ↑ (

weight control) 
Each food provides a distinct leverage point within the cardiovascular-metabolic pathway. 
Chia + flax + walnut combination optimizes the ω-3 index; olive oil + peanut mixture 
stabilizes MUFAs; pumpkin seed oil strengthens sterol and tocopherol defense; while 
coconut milk adds energy density for undernourished populations when consumed judiciously. 
6.3 Synergy within Dietary Models 
6.3.1 Mediterranean Model 
The Mediterranean diet traditionally emphasizes olive oil, nuts, whole grains, fruits, and 
vegetables. The addition of Ω-3-rich chia and flax extends poor marine ω-3 access in inland 
regions. Within this model: 
- Virgin olive oil supplies a stable MUFA base and phenolic antioxidants. 
- Nuts (including walnuts and peanuts) enhance lipid diversity and phytonutrient density. 
- Integration of chia and flax bridges plant-based ALA deficiencies, amplifying 
anti-inflammatory balance. 
Clinical parallels with PREDIMED outcomes demonstrate that replacing 20% of calories 
with these lipid sources achieves total cholesterol reductions comparable 
to low-dose statin effects but with improved adherence and cultural palatability. 
6.3.2 Portfolio Diet Concept 
Developed 
by Jenkins et al. (2003), the portfolio diet combines viscous fiber, soy protein, plant sterols, and
 nuts to mimic pharmaceutical lipid reduction. Our seven foods fit naturally into this paradigm: 
chia and flax supply fiber and ALA; pumpkin and peanut add sterols; olive oil complements fat
ty acid profile. Integrated daily portions could achieve ≥ 20% LDL reduction without drug ther
apy in many individuals. 
6.3.3 Plant-Based and Flexitarian Models 
Plant-forward diets emphasize whole foods, limited animal fat, and high fiber. Combining seed
s, nuts, and unrefined oils ensures adequate essential fatty acids and micronutrients often lackin
g in vegan patterns (e.g., iron, zinc, vitamin E). Data from the EPIC-Oxford cohort demonstrate
 35% lower ischemic heart disease risk among plant-based participants when ALA intake >1.5 
g/day (Perez-Cornago et al., 2021). 
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6.4 Biochemical and Functional Synergy 
1. Complementary Fatty Acid Spectra: Combining ALA-dominant seeds with MUFAs 

(olive oil/peanuts) achieves a balanced n-6:n-3 ratio (~3:1), essential for optimal eicosa
noid signaling (reduced TXA₂, increased PGI₂). 

2. Antioxidant Crosstalk: Polyphenols (olive/walnut) regenerate tocopherols from pump
kin oil, maintaining lipid peroxide defense. 

3. Gut Microbial Interactions: Soluble fiber in chia/flax and phenolics in walnut/olive o
il mutually stimulate SCFA production and eubiosis. 

4. Satiety and Weight Management: Chia gel fiber delays gastric emptying, while MCT
s enhance energy expenditure—jointly balancing energy intake. 

5. Comprehensive Micronutrient Provision: Calcium (Chia), Magnesium (Pumpkin), S
elenium (Walnut), and Niacin (Peanut) fill diverse physiological roles from vasomotor 
control to lipid co-enzyme activation. 

6.5 Dietary Pattern Integration: Evidence-Based Models 
6.5.1 Daily Inclusion Framework 

Food Optimal Portion Si
ze  Frequency  Practical Integration Ideas 

Chia seed  15–20 g   Daily   Added to yogurt or smoothies 

Flaxseed  20–30 g   Daily   Ground and added to cereal or sa
lad 

Pumpkin see
ds  15 g   Several times per wee

k   Sprinkle over salads/soups 

Walnuts  28 g (1 oz)   Daily   Snack replacement for sweets  
Peanuts  25 g   Daily   Peanut butter or roasted form 
Virgin olive o
il  25–40 mL   Daily   Primary culinary oil  

Coconut milk  100 mL   1–2 ×/week   Curries, vegetable dishes  
This model 
supplies ≈ 15 g/day ALA, 20 mg plant sterols, and 70% of vitamin E RDA, maintaining PUFA:
SFA ratio > 5:1 and energy equilibrium for CVD prevention. 
6.6 Comparative Public Health Impact 
Using the Global DALYs framework, each 10 g/day increase in 
nuts or seeds reduces ischemic heart disease burden by 7% (Micha et al., 2021). Nation-level su
bstitution of 10% saturated fat with PUFA from these foods could avert ≈ 1 million CVD death
s per year globally (FAO & WHO, 2023). 
Modeling studies indicate Mediterranean plus ALA enrichment improves cost-effectiveness rat
ios for both primary and secondary CVD prevention (Sisti et al., 2020). Such synergy undersco
res feasibility for public health programs, particularly in regions without access to marine ω-3. 
6.7 Synergistic Challenges 
While biochemical synergy is clear, practical translation faces challenges: 

• Energy Density: High-calorie oils/nuts require portion control to avoid positive energy
 balance. 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol-13: Issue 8 

www.healthinformaticsjournal.com 

Open Access 

7620 

 

 

• Accessibility and Cost: Olive oil and walnuts remain expensive in low-income regions
. Regional alternatives (pumpkin, flax, peanut) offer affordable substitutes. 

• Cultural Preferences: Acceptance of chia or flax can be enhanced through culinary ed
ucation and integration into local recipes. 

• Data Gaps: Few trials formalize combinations of multiple plant foods; synergistic inter
action studies are needed. 

6.8 Future Perspective: Moving Toward Integrated Functional Diets 
Evidence favors dietary patterns over 
isolated nutrients. Interventions developing “functional food ensembles” that combine these se
ven foods could serve as low-cost, culturally adaptable alternatives to drug preventive therapie
s. Examples include: 
1. CardioSeed Blend: Ground chia + flax + pumpkin (40 g) added to staple foods → composit
e ALA + fiber boost. 
2. Nuts & Oil Medley: Walnut + peanut mix served with olive oil–
dressed vegetable salads → MUFAs + antioxidants synergy. 
3. Moderated Coconut Curries: Coconut milk blended with olive oil to adjust SFA:MUFA ra
tio for culinary traditions in tropical regions. 
Pilot studies show that multi-component plant food interventions yield additive benefits on lipi
d reduction (Khoo et al., 2022). Such combinations could enhance palatability, compliance, an
d metabolic sustainability. 
6.9 Synthesis 
The comparative review demonstrates that the seven foods form a functionally 
complementary ecosystem: 

• Chia and flax provide the foundation for ω-3 supply and fiber modulation. 
• Olive oil and peanuts supply stabilizing MUFAs and anti-inflammatory phenolics. 
• Walnuts bridge ω-3 PUFA and polyphenol profiles. 
• Pumpkin seeds add sterols, tocopherols, and micronutrients. 
• Coconut milk offers energy versatility with moderation. 

Together they form a synergistic dietary portfolio capable of substantial impact on 
cardiovascular risk factors—approaching pharmacologic effect magnitudes but through safe, 
whole-food approaches. 
Section 7. Limitations and Future Directions in Dietary Research on Chia Seeds, 
Flaxseed, Coconut Milk, Peanuts, Virgin Olive Oil, Pumpkin Seeds, and Walnuts 
7.1 Overview 
Despite mounting evidence that plant-based foods exert cardiovascular benefits through 
synergistic nutrition, several research and practical limitations hinder definitive conclusions 
and large-scale implementation. These limitations span methodological, biochemical, 
cultural, and translational domains. A clear articulation of these gaps is critical to guide 
future research and policy for evidence-based dietary strategies. 
7.2 Methodological and Design Limitations 
a. Heterogeneity of Randomized Controlled Trials (RCTs) 
Existing human RCTs differ substantially in duration, dosage, and baseline diet 
composition, producing variation in measured outcomes. For example, chia trials often last 
≤12 weeks, whereas walnut studies extend > 2 years. Short-term designs capture biochemical 
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but not clinical endpoints such as myocardial infarction. 
b. Sample Size and Statistical Power 
Many seed-focused studies enroll < 100 participants, limiting statistical power. Small sample 
sizes amplify within-subject variability for lipid and glycemic responses. Precision nutrition 
depends on adequately powered multicentre designs. 
c. Intervention Standardization 
Comparisons across trials are confounded by differences in food form (whole, ground, oil, or 
capsule) and processing (roasted vs raw; extra-virgin vs refined). Processing can alter 
phenolic retention, fatty-acid oxidation, and bioavailability—e.g., roasting peanuts increases 
accessible polyphenols but can oxidize PUFA. 
d. Control Diet Design 
In some trials, controls substitute refined carbohydrates or alternative oils, potentially 
exaggerating relative improvements. Ideally, controls should maintain isocaloric balance and 
nutrient equivalence except for the tested food component. 
7.3 Analytical and Biochemical Uncertainties 
a. Phytochemical Variability by Cultivar and Climate 
Flax and chia ALA levels vary by up to 30% depending on cultivation region 
(Ullah et al., 2016). Olive phenolic content fluctuates 10-fold across cultivars 
(Servili & Montedoro, 2002). Such heterogeneity complicates comparison and meta-analysis. 
b. Bioavailability and Metabolism 
Conversion of ALA to long-chain EPA/DHA remains < 10% in most humans. Bioavailability 
of lignans, ellagitannins, and phenolics depends on gut microbiota composition, which varies 
inter-individually. Few studies measure circulating metabolites to link intake with systemic 
exposure. 
c. Synergistic or Antagonistic Interactions 
Complex interactions among nutrients (e.g., polyphenols binding proteins; fiber reducing 
mineral absorption) can modify efficacy. Most studies isolate single food effects, overlooking 
network interactions that occur in realistic dietary settings. 
d. Lipid Oxidation and Shelf-Life 
High-PUFA oils (chia, flax) are oxidation-prone. Peroxide formation generates oxidative stress 
intermediates offsetting benefits. Absence of monitoring for oxidative indicators in many 
clinical trials limits safety interpretation. 
7.4 Population and Cultural Constraints 
a. Demographic Bias 
Most evidence arises from North-American and European cohorts; representation 
of Asian, African, and Latin-American contexts is minimal. Genetic polymorphisms affecting 
fatty-acid desaturase (FADS1/FADS2) or lipid metabolism could influence outcomes 
differently across populations. 
b. Dietary Traditions and Acceptance 
Cultural palatability influences compliance. For instance, Western populations may consume 
chia in beverages, while Asian groups prefer peanut-based recipes. Coconut and pumpkin oils 
integrate better into tropical cuisines, suggesting localized adaptation is necessary for 
sustainable implementation. 
c. Economic Considerations 
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Walnuts and virgin olive oil can be cost-prohibitive in low-income regions. Identifying 
economically equivalent local substitutes—e.g., groundnut oil for olive oil or flax for 
imported chia—could democratize cardioprotective diets. 
7.5 Data Gaps in Long-Term Outcomes 
a. Primary vs Secondary Prevention 
Most trials examine intermediates (LDL, CRP) rather than hard outcomes such as all-cause or 
CVD mortality. Few long-term secondary-prevention studies compare these foods with 
pharmacological lipid-lowering therapies. 
b. Dose–Response Relations 
While beneficial thresholds (≈ 20–40 g/day nuts or seeds) are suggested, optimal upper intake 
limits and interaction with caloric balance remain unclear, particularly for energy-dense foods 
like peanuts, walnuts, and coconut products. 
c. Comparative Effectiveness within Models 
Few head-to-head studies compare these plant foods directly or evaluate synergistic 
combinations. Multi-component “portfolio” RCTs are essential to confirm additive or 
multiplicative benefits. 
7.6 Safety and Adverse Effects 
- Allergenicity: Peanuts and tree nuts are recognized allergens; large-scale promotion must 
include public-health allergy protocols. 
- Gastrointestinal Tolerance: Excess fiber from chia or flax > 40 g/day can cause bloating or 
laxation. 
-
 Energy Overconsumption: Each 28 g walnuts → ≈ 185 kcal; without caloric adjustment, wei
ght gain may negate metabolic gains. 
-
 Herb-Drug Interactions: Plant phenolics could interfere with warfarin or antiplatelet agents (
Bhatt et al., 2022); clinical monitoring is advised. 
-
 Saturated-Fat Content: Coconut milk’s lauric acid profile should be studied in large cohorts 
to assess long-term atherogenic potential. 
7.7 Research Priorities and Future Directions 
a. Large-Scale, Long-Duration RCTs 
Design multicentre, randomized, placebo-controlled trials ≥ 12 months comparing combined 
seed-nut-oil interventions against standard dietary guidelines. Endpoints: lipid profile, carotid 
intima-media thickness, coronary-calcium score, and CVD events. 
b. Mechanistic Multilayer Studies 
Implement multi-omics technologies (metabolomics, transcriptomics, gut metagenomics) to 
map molecular response networks. This will clarify which metabolites 
(e.g., hydroxytyrosol-sulfate, enterolactone) mediate observed effects. 
c. Standardization and Food Chemistry 
Establish international composition databases capturing cultivar, processing, phenolic 
spectra, and fatty acid ratios for these foods—analogous to olive oil’s IOC quality standards. 
Such databases enable reproducibility and meta-analytical precision. 
d. Systems-Nutrition Integration 
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Leverage systems pharmacology and computational modeling to simulate nutrient–gene–
microbiome interactions. Predicting synergy (e.g., ALA + polyphenol combinations) could 
reduce experimental burden and generate testable hypotheses. 
e. Cultural and Implementation Research 
Conduct implementation trials evaluating culturally adapted diet programs that integrate 
these foods using local recipes. Combine nutritional education with community-based 
randomized clusters to identify adoption determinants. 
f. Sustainability and Environmental Footprint 
Investigate the life-cycle impact of seed and nut cultivation. Olive oil and walnuts have 
moderate environmental footprints compared with marine ω-3 sources; however, expansion 
requires sustainable irrigation and packaging innovations. 
g. Nutrigenomics and Personalization 
Study gene–diet interactions to refine personalized nutrition algorithms. 
Variants in APOE, CETP, and PPARα may explain differential lipid responses; integrating 
genotyping in RCTs could personalize dietary prescriptions. 
h. Formulation and Food Technology Innovation 
Develop stabilized emulsions (e.g., microencapsulated flax or chia oil) to prevent oxidation 
and enhance consumer acceptance in functional foods. 
Pharmaceutical-grade preparations with standardized bioactives may narrow the gap between f
oods and nutraceuticals. 
7.8 Policy and Public Health Directions 
1. Dietary Guidelines: Encourage official inclusion of seeds and nuts within daily fat 
recommendations (< 30% energy), specifying quality over quantity of fats. 
2. Health Claims Regulation: Develop validated 
biomarkers and standardized criteria allowing accurate labeling (e.g., “ALA contributes to nor
mal cholesterol”). 
3. Educational Campaigns: Promote awareness that simple replacements (e.g., olive oil for g
hee/butter; nuts for processed snacks) can substantially reduce CVD risk. 
4. Collaborative Research Network: Establish global “Cardio-Functional Food Consortium” 
linking researchers from nutrition, agriculture, and public health. 
7.9 Synthesis 
Current evidence solidly positions these seven plant-derived foods as cornerstones of a 
cardiometabolically protective diet, yet methodological constraints preclude blanket 
recommendations. The next research phase should transcend isolated nutrient paradigms, 
employing holistic, culturally adaptable, and mechanistically integrated frameworks. 
Future breakthroughs will depend on standardized long-term trials, molecular 
fingerprinting of bioactives, and inclusion of underrepresented populations. Only through 
these advancements can we transition from plausible association to firmly established causal 
dietary strategies for cardiovascular prevention. 
8. Conclusion  
Cardiovascular disease (CVD) remains the primary global cause of morbidity and mortality, 
driven largely by preventable dietary and lifestyle factors. This review consolidates 
mechanistic, clinical, and epidemiological evidence for seven key plant-derived foods—chia 
seeds, flaxseed, coconut milk, peanuts, virgin olive oil, pumpkin seeds, and walnuts—and 
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their collective contribution to cardiovascular protection. Across the evidence base 
spanning 2000–2025, consistent biochemical and clinical themes emerge. 
Integrated Evidence Summary 
1. Lipid Modulation – Polyunsaturated and monounsaturated fatty acids from these foods 
reduce LDL-C and triglycerides while modestly improving HDL-C. ALA-rich seeds (chia, 
flax, walnuts) and MUFA sources (olive oil, peanuts) suppress hepatic lipogenesis and enhance 
fatty-acid oxidation. 
2. Antioxidant and Anti-Inflammatory Effects – Phenolic compounds (hydroxytyrosol, 
ellagitannins, lignans) and tocopherols neutralize oxidative stress and inhibit NF-κB and 
COX-2 signaling, thereby lowering CRP and IL-6. 
3. Endothelial and Blood-Pressure Regulation – Arginine from peanuts and pumpkin seeds, 
alongside ACE-inhibitory peptides from chia and flax, up-regulate nitric-oxide pathways that 
restore vascular reactivity. 
4. Glycemic Control and Weight Regulation – Soluble fiber in seeds improves satiety and 
postprandial glycemia; moderate MCT intake from coconut milk may augment energy 
expenditure. 
5. Clinical Outcomes – Intervention and cohort data show LDL reductions (~10–15%), 
systolic pressure declines (~3–6 mmHg), and 20–30% fewer clinical CVD events when these 
foods form part of Mediterranean or plant-forward diets. 
Synergistic Dietary Portfolio 
The combination of ALA-rich seeds, MUFAs and polyphenols from olive oil, protein and 
sterols from nuts and pumpkin seeds, and moderate coconut derivatives constitutes a 
holistic “functional portfolio” comparable to lipid-lowering drug regimens in efficacy yet 
devoid of pharmacological side effects. Integrative consumption within Mediterranean-style or 
plant-based frameworks delivers additive benefits spanning lipid, inflammatory, and 
endothelial domains, supported by high adherence and cultural flexibility. 
Translational Outlook 
Future progress demands long-term, culturally contextualized RCTs, standardized 
phytochemical databases, and integration of multi-omics to personalize dietary prescriptions. 
Public-health policies must shift focus from macronutrient percentages to whole-food quality 
and diversity, empowering populations through accessible, sustainable plant-based fats and 
proteins. 
Conclusion 
Collectively, decades of converging evidence identify these seven plant foods as cornerstones 
of cardiovascular health. Through lipid normalization, inflammation reduction, oxidative 
stabilization, and metabolic regulation, they exemplify how traditional dietary wisdom aligns 
with contemporary evidence-based medicine. The synthesis supports a paradigm where 
nutrition becomes frontline therapy, integrating science, sustainability, and cultural 
acceptability to mitigate the global burden of cardiovascular disease. 
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