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Abstract

Hypertension frequently remains uncontrolled despite pharmacological therapy, support-
ing interest in complementary nutritional strategies. This narrative review evaluates human
clinical evidence and mechanistic pathways for minerals, polyphenols, omega-3 fatty acids,
probiotics, coenzyme Q10, and L-arginine in blood pressure regulation. Across these cat-
egories, antihypertensive effects appear to depend largely on post-ingestion metabolic
biotransformation into bioactive metabolites that influence endothelial nitric oxide availabil-
ity, vascular inflammation, renal sodium handling, and renin—angiotensin system activity.
Randomized controlled trials and meta-analyses consistently demonstrate modest reduc-
tions in systolic blood pressure of approximately 2-8 mmHg, although most studies are
short-term and frequently use supplementation models. The overall certainty of evidence
is moderate due to consistent but heterogeneous randomized trials. Variability in response
is partly explained by metabolic phenotype and gut microbiota composition, and combined
dietary patterns targeting multiple mechanisms may produce additive effects. Overall,
nutraceuticals function as adjunct physiological modulators that may contribute to car-
diovascular risk reduction but are not intended to replace pharmacological therapy. The
present review integrates post-ingestion metabolism, microbiota-derived mediators, and
clinical trial evidence into a unified physiological framework explaining why consistent
but modest blood pressure reductions occur across heterogeneous interventions. Nutri-
tional strategies remain underutilized in routine clinical practice despite reproducible
physiological effects. Incorporating evidence-based nutraceutical approaches alongside
pharmacological management may facilitate patient engagement with lifestyle modification,
as dietary interventions are often perceived as more achievable than isolated behavioral rec-
ommendations. A holistic management model integrating medical therapy, nutrition, and
patient education may therefore enhance long-term adherence to cardiovascular prevention
strategies and support sustained risk reduction.

Keywords: blood pressure control; nutraceuticals; essential elements; polyphenols;
omega-3 fatty acids; bioactive compounds; public health
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1. Introduction

Hypertension is a major modifiable risk factor for cardiovascular morbidity and
mortality, affecting approximately 1.3 billion adults worldwide according to the World
Health Organization [1]. Despite the availability of effective pharmacological therapies,
blood pressure control remains inadequate in a substantial proportion of patients. This gap
is largely attributable to poor long-term adherence, adverse drug reactions, therapeutic
inertia, and the multifactorial pathophysiology of hypertension, in which single-drug
therapy often fails to sufficiently reduce residual cardiovascular risk [2]. Consequently,
increasing attention has been directed toward complementary preventive strategies that
can be integrated with standard treatment.

Current clinical guidelines emphasize lifestyle modification—particularly dietary pat-
terns and physical activity—as first-line management [3,4]. However, lifestyle interventions
alone often fail to achieve adequate blood pressure control, especially in individuals with
metabolic dysfunction, endothelial impairment, or chronic low-grade inflammation. In
this context, nutraceuticals, defined as food-derived compounds providing physiolog-
ical benefits beyond basic nutrition, have emerged as potential adjunctive therapeutic
strategies [5].

Accumulating evidence suggests that several nutraceutical classes influence key bio-
logical pathways involved in blood pressure regulation, including endothelial nitric oxide
bioavailability, vascular smooth muscle tone, oxidative stress, inflammatory signaling, gut
microbiota—host interactions, and the renin-angiotensin—aldosterone system [6]. Impor-
tantly, many of these effects depend not only on the ingested compound itself but also on
its biotransformation after digestion. Following ingestion, nutrients undergo enzymatic
metabolism and microbial bioconversion in the intestine and liver, generating bioactive
metabolites—such as short-chain fatty acids, phenolic metabolites, and lipid mediators—
that directly modulate vascular, renal, immune, and neurohormonal pathways. Therefore,
understanding nutraceutical effects requires a systems perspective integrating digestion,
host metabolism, and microbiota-derived metabolomics.

This narrative review evaluates human evidence for nutraceutical approaches to blood
pressure control within an integrated mechanistic framework. Rather than examining
isolated compounds independently, the review synthesizes findings across five biologically
interconnected groups: (1) essential minerals, including magnesium, potassium, calcium,
and iodine; (2) polyphenols from tea, cocoa, berries, and plant preparations such as Hi-
biscus sabdariffa; (3) omega-3 fatty acids; (4) probiotics influencing the gut-vascular axis;
and (5) selected bioactive compounds, including coenzyme Q10 and L-arginine [6,7].

By linking molecular mechanisms, metabolic pathways, and clinical outcomes, this
review aims to clarify how nutraceuticals may complement pharmacological therapy. Nu-
traceutical interventions should be regarded as supportive strategies capable of improving
vascular physiology and cardiometabolic risk, but not as substitutes for antihypertensive
medications. An additional perspective increasingly applied in nutrition science is food
metabolomics, which examines small bioactive molecules generated after the digestion
and microbial transformation of dietary compounds. Unlike classical nutrient composi-
tion analysis, metabolomics focuses on circulating metabolites that directly interact with
physiological pathways regulating vascular tone, inflammation, and renal sodium han-
dling. This approach is particularly relevant for nutraceutical research because many
dietary compounds—especially polyphenols and microbiota-dependent substrates—exert
biological activity primarily through secondary metabolites rather than their native struc-
tures. Consequently, variability in blood pressure response reflects differences in metabolic
phenotype and gut microbiota composition rather than intake alone. Incorporating a
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metabolomics framework therefore provides a mechanistic bridge between dietary expo-
sure and the vascular outcomes observed in human studies.

Despite growing interest in nutraceutical approaches, interpretation of the available
evidence requires caution. Many clinical trials evaluating nutraceuticals for blood pressure
control are relatively short in duration, involve small sample sizes, and frequently rely on
supplementation models rather than habitual dietary intake. Differences in study design,
dosing strategies, baseline blood pressure, and participant characteristics contribute to
considerable heterogeneity across studies, which complicates direct comparison of out-
comes. Furthermore, variability in gut microbiota composition, metabolic phenotype, and
background diet likely influences the generation of bioactive metabolites and may partly
explain inconsistent responses among individuals. Consequently, although mechanistic
evidence is biologically plausible and randomized trials generally demonstrate modest
blood pressure reductions, the clinical relevance of individual nutraceutical interventions
remains context-dependent. Future research should therefore focus on longer-term trials,
standardized intervention protocols, and identification of responder phenotypes integrating
metabolomic and microbiome-based approaches.

Methods and Literature Search Strategy

This work was conducted as a structured narrative review aimed at integrating mecha-
nistic and clinical evidence regarding nutraceutical interventions in blood pressure regulation.

Search Strategy

A comprehensive literature search was performed in PubMed/MEDLINE, Web of
Science, Scopus, and Food Science and Technology Abstracts (FSTA). Google Scholar was
additionally used to identify recently published or in-press articles not yet indexed in
primary databases. The search covered publications from January 1990 to December 2025,
with greater emphasis placed on studies published after 2010 to ensure contemporary
clinical relevance.

Search strategies combined Medical Subject Headings (MeSH) and free-text terms
using Boolean operators. The core search terms included combinations of: “hyperten-

7o ”ou v

sion”, “blood pressure”, “nutraceuticals”, “dietary supplements”, “minerals”, “potassium”,
“magnesium”, “calcium”, “iodine”, “polyphenols”, “flavonoids”, “omega-3 fatty acids”,
“probiotics”, and “Hibiscus sabdariffa”. Additional targeted searches were performed for

v

mechanistic pathways using terms such as “gut microbiota”, “metabolites”, “short-chain

v

fatty acids”, “nitric oxide”, “endothelial function”, and “renin-angiotensin system”.
Study Selection

Studies were initially screened based on titles and abstracts, followed by full-text
evaluation of potentially relevant articles. The initial search yielded 1476 records across
databases. After removal of duplicates, 1028 records remained for title and abstract screen-
ing. Following screening, 276 full-text articles were assessed for eligibility, of which 132
studies were included in the final synthesis. A summary of nutraceutical compounds and
interventions evaluated in the included literature is provided in Supplementary Table S1.

Inclusion and Exclusion Criteria

Priority was given to randomized controlled trials, systematic reviews, meta-analyses,
prospective cohort studies, and clinical practice guidelines evaluating nutraceutical interven-
tions in relation to blood pressure regulation. Mechanistic studies were included when they
provided biologically plausible pathways relevant to human blood pressure physiology.

https:/ /doi.org/10.3390 /nutraceuticals6020036


https://doi.org/10.3390/nutraceuticals6020036

Nutraceuticals 2026, 6, 36 4 of 24

Exclusion criteria included non-human studies without clear translational relevance,
conference abstracts without full data, duplicate datasets, publications lacking methodolog-
ical transparency, and non-English or non-Croatian articles.

Quality Assessment

Because of the narrative design, a formal quantitative risk-of-bias meta-analysis was
not performed. Instead, study quality was assessed qualitatively based on study design
hierarchy (randomized trials > observational studies > mechanistic studies), methodological
transparency, consistency of findings across studies, and the magnitude and reproducibility
of blood pressure effects. Mechanistic studies were used to support biological plausibility,
whereas clinical interpretation relied primarily on randomized controlled trials and meta-
analyses. Observational studies were considered supportive but not causal evidence.

GenAl tools, namely ChatGPT (GPT-5.5 Thinking, OpenAl) and Gemini 2.0 (Google),
were used for manuscript drafting, language editing, and additional retrieval of relevant
studies. The authors reviewed and edited all Al-generated output and take full responsibil-
ity for the content of the manuscript.

The nutraceutical categories, key compounds, mechanisms, evidence levels, typical
blood pressure effects, and clinical considerations are summarized in Table 1.

Table 1. Nutraceuticals identified to have a potential positive impact on blood pressure control in
human studies. Source: Compiled by the authors based on the literature cited.
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2. Essential Minerals and Blood Pressure Regulation

Dietary minerals are fundamental regulators of blood pressure homeostasis. Beyond
maintaining electrolyte balance, they influence vascular tone, endothelial signaling, renal
sodium handling, and neurohormonal control. Importantly, their physiological effects
are interdependent rather than isolated; the dietary sodium-to-potassium ratio predicts
cardiovascular risk more reliably than sodium intake alone [7]. This highlights that mineral
balance, rather than single-nutrient intake, is a major determinant of long-term hemody-
namic regulation.

Potassium, magnesium, calcium, and iodine modulate complementary biological
pathways governing vascular resistance and fluid balance. These include regulation of
the renin-angiotensin—aldosterone system, Na* /K*-ATPase activity, intracellular calcium
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signaling in vascular smooth muscle cells, and endocrine control mediated by thyroid
hormones [8,9]. Through these mechanisms, minerals affect arterial stiffness, endothelial
nitric oxide bioavailability, and renal pressure-natriuresis responses.

Unlike many bioactive nutraceuticals whose biological activity depends largely on
metabolic derivatives, minerals exert their effects primarily through ionic transport pro-
cesses and hormonal regulation. Nevertheless, they also interact indirectly with metabolic
pathways related to insulin sensitivity, oxidative stress, and inflammatory signaling.
Through these mechanisms, minerals influence vascular function and responsiveness
to other dietary compounds.

Correction of mineral insufficiency therefore represents a low-risk population-level
strategy for improving baseline blood pressure regulation and enhancing the effective-
ness of pharmacological therapy. The principal biological pathways through which these
minerals influence blood pressure are summarized in Figure 1.

Mineral Effects on Blood Pressure
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Figure 1. Conceptual overview of nutritional mechanisms influencing blood pressure regulation.
Arrows indicate proposed mechanistic pathways and the direction of physiological effects leading
to blood pressure reduction. Dietary minerals such as potassium, magnesium, calcium, and iodine
influence vascular tone, renal sodium handling, and endocrine regulation [7-9]. Omega-3 fatty
acids (EPA and DHA) improve endothelial function, reduce inflammation, and decrease arterial
stiffness [10-12]. Probiotics may influence blood pressure through modulation of the gut microbiota
and production of short-chain fatty acids that affect vascular and inflammatory pathways [13-17].
The figure is an original illustration created by the authors based on mechanisms described in the
cited literature.

2.1. Potassium: A Central Dietary Determinant of Blood Pressure

Potassium is one of the most important dietary determinants of blood pressure regula-
tion. Epidemiological and intervention studies consistently show that populations with
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higher potassium intake—primarily from fruits, vegetables, legumes, and whole grains—
have lower blood pressure and a reduced risk of stroke and cardiovascular disease [18,19].

The antihypertensive effects of potassium are mediated through several complemen-
tary mechanisms. At the renal level, increased potassium intake promotes natriuresis by
suppressing activity of the sodium—chloride cotransporter in the distal convoluted tubule,
thereby counteracting sodium-induced volume expansion [19,20]. In the vasculature, potas-
sium stimulates Na* /K*-ATPase activity and activates ATP-sensitive potassium channels
in vascular smooth muscle cells, leading to membrane hyperpolarization, reduced intra-
cellular calcium concentration, and consequent vasodilation with decreased peripheral
vascular resistance [21].

Clinical evidence supports these mechanisms. A meta-analysis of randomized con-
trolled trials demonstrated significant reductions in both systolic and diastolic blood pres-
sure, particularly in individuals with hypertension and high sodium intake [22]. These
findings indicate that potassium primarily restores sodium-potassium balance rather than
acting as an isolated pharmacological antihypertensive intervention [23]. However, most
intervention trials are relatively short and frequently performed under controlled dietary
sodium intake, which limits extrapolation to long-term free-living populations where
adherence and baseline diet vary substantially.

Adequate dietary potassium intake is safe and recommended for most individuals;
however, supplementation should be used cautiously in patients with advanced chronic
kidney disease or in those receiving potassium-sparing diuretics because of the risk of
hyperkalemia [24]. Overall, the strength of evidence supporting potassium intake in blood
pressure reduction is moderate to high, with consistent findings across randomized trials
despite heterogeneity in baseline sodium intake and dietary adherence.

2.2. Magnesium: A Physiological Calcium Antagonist

Magnesium is a predominantly intracellular cation involved in more than 300 en-
zymatic reactions, including the regulation of vascular smooth muscle tone, endothelial
function, and electrolyte homeostasis [25]. Inadequate magnesium intake is common
worldwide and has been associated with hypertension, insulin resistance, and metabolic
syndrome [26,27].

Magnesium exerts antihypertensive effects primarily through its role as a physiolog-
ical calcium antagonist. By competing with calcium at voltage-gated calcium channels,
magnesium reduces calcium influx into vascular smooth muscle cells, thereby decreasing
contractility and lowering peripheral vascular resistance [28,29]. In addition, intracellular
magnesium enhances Na* /K*-ATPase activity, helping maintain electrochemical gradients
required for vascular relaxation [30]. Beyond direct vascular effects, magnesium improves
endothelial function by reducing oxidative stress, increasing nitric oxide bioavailability, and
attenuating systemic inflammation, as reflected by reduced circulating C-reactive protein
levels [31,32].

Clinical evidence supports these mechanisms. Meta-analyses of randomized controlled
trials report modest but clinically meaningful reductions in blood pressure, with average
decreases in systolic pressure of approximately 2-4 mmHg, particularly among individuals
with hypertension or low baseline magnesium status [33,34]. The heterogeneity of baseline
magnesium status across populations likely explains inconsistent responses, and benefits
appear greatest in deficiency states rather than in normomagnesemic individuals.

Randomized clinical trials typically administer 240-600 mg/day of elemental magne-
sium, which appears to represent the most commonly effective dose range for improving
blood pressure outcomes. The antihypertensive response also depends on the formulation
used. Organic salts such as magnesium citrate, glycinate, or lactate demonstrate greater

https:/ /doi.org/10.3390 /nutraceuticals6020036


https://doi.org/10.3390/nutraceuticals6020036

Nutraceuticals 2026, 6, 36

8 of 24

bioavailability than inorganic forms (e.g., magnesium oxide), which are less efficiently
absorbed and more frequently associated with gastrointestinal adverse effects [35]. Overall,
available randomized trials suggest consistent but modest blood pressure reductions, with
clinical benefits influenced by baseline magnesium status, dose, and formulation.

2.3. Calcium: The Dietary Calcium Paradox

Calcium plays a central role in cardiovascular physiology. Intracellular calcium medi-
ates vascular smooth muscle contraction and vasoconstriction, yet adequate dietary calcium
intake has consistently been associated with lower blood pressure in both observational
and interventional studies [36]. This apparent contradiction can be explained by endocrine
regulation: low dietary calcium intake stimulates parathyroid hormone secretion and
activation of the renin-angiotensin-aldosterone system, increasing intracellular calcium
concentrations in vascular smooth muscle cells and promoting vasoconstriction [37,38].

Dietary intervention studies, including the DASH trial, demonstrate that calcium-rich
dietary patterns significantly reduce blood pressure [18]. Meta-analyses of randomized
trials also show modest but statistically significant reductions in blood pressure following
calcium supplementation [39].

However, the effects of supplementation differ from those of dietary intake. High-
dose calcium supplements, particularly when consumed without adequate vitamin D or
magnesium, have been associated with increased vascular calcification and higher cardio-
vascular risk [40]. This phenomenon, often referred to as the “calcium paradox,” reflects the
difference between physiological calcium intake within whole foods and pharmacological
supplementation.

Accordingly, current evidence supports achieving recommended calcium intake (ap-
proximately 1000-1200 mg/day) primarily through dietary sources such as dairy products,
leafy green vegetables, and fortified foods rather than routine high-dose supplementa-
tion [41].

2.4. Iodine: Thyroid-Mediated Blood Pressure Regulation

Unlike potassium and magnesium, iodine does not directly exert vasodilatory effects.
Its influence on blood pressure occurs indirectly through its essential role in thyroid
hormone synthesis. Triiodothyronine (T3) and thyroxine (T4) regulate metabolic rate,
cardiac output, systemic vascular resistance, and endothelial function [42].

Both iodine deficiency and excess disrupt thyroid homeostasis and consequently alter
blood pressure regulation. Hypothyroidism, commonly associated with inadequate iodine
intake, increases peripheral vascular resistance and arterial stiffness, typically leading to
diastolic hypertension. In contrast, hyperthyroidism—potentially triggered by excessive
iodine exposure—elevates cardiac output and may result in systolic hypertension [43,44].
Thyroid hormones also directly affect vascular physiology, as T3 stimulates endothelial
nitric oxide production and promotes vasodilation [45].

Although iodine is not an antihypertensive nutrient per se, maintaining euthyroid sta-
tus is necessary for normal cardiovascular regulation. Epidemiological evidence suggests
a U-shaped relationship between iodine intake and thyroid-related cardiovascular out-
comes, with both deficiency and excess associated with adverse hemodynamic profiles [46].
Therefore, clinical recommendations emphasize adequate dietary intake through iodized
salt and seafood while avoiding high-dose supplementation that may induce thyroid dys-
function [47,48]. Overall, the evidence is indirect but biologically consistent, indicating
moderate certainty through thyroid-mediated hemodynamic regulation rather than direct
antihypertensive action.
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3. Polyphenols and Blood Pressure Regulation

Polyphenols are a diverse group of plant-derived bioactive compounds widely present
in fruits, vegetables, tea, cocoa, and other plant foods. Epidemiological, clinical, and
experimental evidence consistently link polyphenol-rich dietary patterns with improved
vascular function and modest reductions in blood pressure, particularly in individuals with
endothelial dysfunction or elevated cardiometabolic risk [49,50].

Importantly, the biological activity of polyphenols depends predominantly on post-
ingestion metabolism rather than the native molecules themselves. After consumption,
only a small fraction of intact compounds is absorbed in the small intestine; the majority
undergoes intestinal and hepatic phase I/II metabolism followed by extensive microbial
catabolism in the colon. This process generates circulating bioactive metabolites, including
phenolic acids and other low-molecular-weight derivatives that interact with vascular
and immune signaling pathways [51,52]. These metabolites enhance endothelial nitric
oxide production, reduce oxidative stress, and attenuate inflammatory signaling, thereby
influencing vascular tone and peripheral resistance.

Polyphenols therefore operate through a gut-vascular axis rather than acting solely as
direct antioxidants. Microbiota-derived metabolites contribute to endothelial nitric oxide
synthase activation, improvement of arterial compliance, and partial inhibition of the renin—
angiotensin system [53,54]. Consequently, the magnitude of blood pressure reduction
depends not only on intake but also on host metabolic phenotype and gut microbiota
composition, explaining substantial interindividual variability in clinical response.

In the following sections, evidence is summarized across major dietary sources with
the strongest human data: (1) cocoa flavanols, (2) tea catechins and theaflavins, (3) berry-
derived anthocyanins, and (4) polyphenol-rich botanical preparations such as Hibiscus
sabdariffa. For each subgroup, mechanistic pathways, randomized controlled trials, and
meta-analyses are reviewed to contextualize their role as adjunctive nutraceutical strategies
in blood pressure management.

3.1. General Mechanisms of Polyphenol Action in Blood Pressure Regulation

After ingestion, only a small proportion of intact polyphenols is absorbed in the
small intestine. Most undergo extensive phase I/Il metabolism and subsequent microbial
catabolism in the colon, generating low-molecular-weight phenolic metabolites that circu-
late systemically and interact with vascular signaling pathways [51]. These metabolites
function primarily as modulators of cell signaling rather than direct antioxidants.

A central mechanism involves enhancement of endothelial nitric oxide (NO) bioavail-
ability. Polyphenol metabolites activate endothelial nitric oxide synthase through
phosphorylation-dependent pathways, improving endothelium-dependent vasodilation
and reducing peripheral vascular resistance [55,56]. Because impaired NO signaling is
a hallmark of hypertension, restoration of NO homeostasis represents a major pathway
linking polyphenol intake to blood pressure reduction.

Polyphenols also influence oxidative balance by inhibiting enzymatic sources of reac-
tive oxygen species, particularly NADPH oxidase, thereby preserving NO from oxidative
degradation rather than acting primarily as radical scavengers [50,54]. In parallel, they
attenuate vascular inflammation through modulation of nuclear factor kB signaling and
cytokine expression [57].

Additional mechanisms contributing to blood pressure control include partial inhibi-
tion of angiotensin-converting enzyme activity, modulation of endothelin-1 production,
and improvement of insulin sensitivity [54]. Collectively, these pathways indicate that
polyphenols influence vascular homeostasis through integrated metabolic and signaling
effects mediated by host-microbiota interactions rather than isolated antioxidant activity.
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Interindividual variability in the blood pressure response to polyphenol intake is
increasingly explained by differences in metabolic phenotype rather than intake alone.
Following consumption, gut microbiota convert polyphenols into specific circulating
metabolites such as phenyl-y-valerolactones, urolithins, and various phenolic acids, which
correlate more closely with vascular effects than the parent molecules [58]. Individuals
differ markedly in their capacity to generate these metabolites due to variation in microbial
composition and enzymatic activity. Consequently, dietary polyphenols act as precursor
compounds whose antihypertensive efficacy depends on host-microbiome metabolism,
providing a mechanistic explanation for heterogeneous outcomes observed across clinical
intervention studies [58].

3.2. Cocoa and Flavanols

Cocoa flavanols are among the most extensively studied polyphenols in relation to
vascular function and blood pressure regulation. The principal bioactive constituents include
(—)-epicatechin, catechin, and oligomeric procyanidins, which after ingestion are metabolized
into circulating phenolic metabolites responsible for most vascular effects [59,60].

Mechanistic studies show that cocoa flavanol metabolites enhance nitric oxide bioavail-
ability by activating endothelial nitric oxide synthase and reducing nitric oxide degrada-
tion [61]. Both acute and chronic intake of flavanol-rich cocoa improves flow-mediated
dilation, a validated non-invasive measure of endothelial function, reflecting increased
vasodilatory capacity [62]. Cocoa consumption additionally reduces arterial stiffness and
wave reflection, improving central hemodynamics [63].

Randomized controlled trials and meta-analyses consistently demonstrate modest but
significant reductions in blood pressure following regular consumption of flavanol-rich
cocoa products, particularly in individuals with hypertension or endothelial dysfunc-
tion [64,65]. Average reductions in systolic blood pressure of approximately 3-5 mmHg
have been reported, a magnitude considered clinically relevant at the population level [66].

The magnitude of benefit depends strongly on flavanol content and processing meth-
ods. Many commercial chocolate products contain relatively low flavanol concentrations
and high amounts of sugar and saturated fat, which may attenuate potential vascular
benefits [67]. Consequently, standardized high-flavanol cocoa preparations are more appro-
priate when evaluating therapeutic outcomes. Overall, the evidence is moderate-to-high,
supported by multiple randomized trials with consistent vascular outcomes.

The chemical structure of (—)-catechin, a representative flavan-3-ol found in cocoa and
tea, is shown in Figure 2.

OH

H
o) 0 on
“/OH
OH

Figure 2. Chemical structure of (—)-catechin (a flavan-3-ol polyphenol found in cocoa and tea).
Source: Catechin.png, public domain, Wikimedia Commons.
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3.3. Tea Polyphenols: Green and Black Tea

Tea is one of the most widely consumed beverages worldwide and represents one
of the major dietary sources of flavonoids. Green tea is rich in catechins, particularly
epigallocatechin gallate (EGCG), whereas black tea contains theaflavins and thearubigins
formed through enzymatic oxidation of catechins during processing [68,69]. Despite
compositional differences, both green and black tea are associated with improved vascular
function and modest reductions in blood pressure.

After ingestion, tea polyphenols undergo extensive intestinal and microbial metabolism,
generating circulating phenolic metabolites that mediate much of their biological activity.
These metabolites enhance endothelial nitric oxide availability, reduce oxidative stress, and
modulate signaling pathways involved in vascular regulation [56,70,71]. EGCG and related
metabolites activate endothelial nitric oxide synthase and influence inflammatory signaling,
contributing to improved vascular responsiveness.

Observational studies and randomized controlled trials indicate that habitual tea
consumption is associated with modest reductions in both systolic and diastolic blood
pressure [72]. Meta-analyses of intervention studies report average systolic blood pressure
reductions of approximately 2-3 mmHg following regular intake of green or black tea for
at least 8-12 weeks [73]. Although modest at the individual level, these reductions may
be clinically meaningful at the population level due to the widespread consumption of
tea. Overall, the certainty of evidence is moderate due to consistent but modest reductions
across heterogeneous populations.

3.4. Berries and Anthocyanins

Berries are a major dietary source of anthocyanins, flavonoids responsible for the red,
blue, and purple pigmentation of fruits such as blueberries, strawberries, blackberries, and
cherries. Growing evidence links anthocyanin intake with vascular protection [74,75].

Following ingestion, intact anthocyanins display low systemic bioavailability and
undergo extensive microbial metabolism into phenolic acids and related metabolites that
mediate most biological effects. These metabolites enhance endothelial nitric oxide avail-
ability, reduce oxidative stress, and modulate inflammatory signaling pathways involved in
vascular dysfunction [52]. In addition to functional changes, anthocyanin-rich interventions
are associated with reductions in arterial stiffness and improvements in microvascular
function [52].

Randomized controlled trials evaluating whole-berry consumption or anthocyanin
supplementation demonstrate modest reductions in blood pressure, particularly in individ-
uals with hypertension or elevated cardiovascular risk [76]. Meta-analyses report average
decreases in systolic blood pressure of approximately 2-4 mmHg, with variability depend-
ing on dose, duration, and berry source [77]. Collectively, these findings support inclusion
of anthocyanin-rich foods within polyphenol-rich dietary patterns aimed at improving
vascular health and supporting blood pressure control. The evidence is moderate, with
variability largely explained by dose and baseline cardiometabolic risk.

3.5. Hibiscus sabdariffa (Sour Tea): A Polyphenol-Rich Botanical Intervention

Hibiscus sabdariffa is a polyphenol-rich botanical preparation commonly consumed as
a herbal infusion (“sour tea”). Similar to other polyphenols, its antihypertensive activity ap-
pears to be mediated largely by microbiota-derived phenolic metabolites rather than intact
anthocyanins [78]. The plant contains anthocyanins and related phenolic compounds that
undergo intestinal and microbial biotransformation to circulating metabolites contributing
to vascular effects.

https:/ /doi.org/10.3390 /nutraceuticals6020036


https://doi.org/10.3390/nutraceuticals6020036

Nutraceuticals 2026, 6, 36

12 of 24

Proposed mechanisms include inhibition of angiotensin-converting enzyme activity,
enhancement of endothelial nitric oxide bioavailability, and mild diuretic effects mediated
by organic acids and phenolic metabolites. Through these pathways, H. sabdariffa may
reduce peripheral vascular resistance and support vascular relaxation.

Human clinical evidence suggests a clinically relevant antihypertensive effect. Meta-
analysis of randomized controlled trials demonstrates significant reductions in both systolic
and diastolic blood pressure, with systolic reductions commonly in the range of approxi-
mately 5-8 mmHg, particularly among individuals with higher baseline blood pressure [79].

4. Omega-3 Fatty Acids

Omega-3 polyunsaturated fatty acids (PUFAs) are dietary lipids with well-established
roles in cardiovascular prevention and have been extensively investigated for blood pres-
sure regulation. The principal biologically active omega-3 fatty acids include eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA), mainly derived from marine sources,
and «-linolenic acid (ALA), a plant-derived precursor that undergoes limited conversion to
long-chain omega-3 fatty acids in humans [80]. Among these, EPA and DHA demonstrate
the most consistent antihypertensive effects across mechanistic and clinical studies [10,81].

4.1. Mechanisms Underlying the Antihypertensive Effects of Omega-3 Fatty Acids

Omega-3 fatty acids influence blood pressure through complementary effects on
vascular function, inflammation, oxidative stress, and neurohormonal regulation.

A primary mechanism involves improvement of endothelial function through in-
creased NO bioavailability. EPA and DHA incorporate into cell membranes, increasing
membrane fluidity and stimulating endothelial nitric oxide synthase activity, thereby en-
hancing vasodilation and reducing peripheral vascular resistance [10,11].

Omega-3 fatty acids also exert anti-inflammatory actions by altering eicosanoid synthe-
sis and generating specialized pro-resolving mediators such as resolvins and protectins [82].
These mediators attenuate vascular inflammation and endothelial activation, processes
strongly linked to increased vascular resistance and hypertension [83]. Concurrently,
omega-3 fatty acids reduce oxidative stress and preserve NO availability [84].

Additional hemodynamic effects include reduced arterial stiffness and improved
arterial compliance, particularly in large elastic arteries [12,85]. Omega-3 fatty acids may
further contribute to blood pressure control through reduced sympathetic activity and
modulation of the renin—angiotensin—-aldosterone system [10,11].

Following ingestion, omega-3 fatty acids are incorporated into plasma lipoproteins
and cellular phospholipids, gradually replacing arachidonic acid and altering downstream
signaling pathways. Their biological activity therefore depends on tissue incorporation
and formation of lipid mediators rather than acute circulating concentrations. Variabil-
ity in absorption, baseline fatty acid status, and enzymatic conversion partly explains
heterogeneous responses across clinical trials.

4.2. Clinical Evidence for Blood Pressure Reduction

The antihypertensive effects of omega-3 fatty acids have been evaluated in numerous
randomized controlled trials and meta-analyses. Early studies demonstrated that fish
oil supplementation reduced both systolic and diastolic blood pressure, particularly in
untreated hypertension [86].

Subsequent meta-analyses confirm a dose-dependent effect, with average reductions
of approximately 4-5 mmHg systolic and 2-3 mmHg diastolic blood pressure among
hypertensive participants [87,88]. A large contemporary meta-analysis further supports
stronger reductions at higher intake levels [88].
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Differences between individual fatty acids have also been observed. DHA appears to
exert greater antihypertensive effects than EPA, likely due to stronger influences on arterial
stiffness and endothelial function [83].

Observational studies additionally associate habitual fish consumption with lower
blood pressure and reduced incidence of hypertension [89]. In contrast, plant-derived ALA
demonstrates less consistent effects because conversion to EPA and DHA in humans is
limited [80]. Long-term effects remain difficult to determine, as most studies are short-
term and rely on supplement interventions rather than sustained dietary consumption.
Collectively, randomized trials and meta-analyses indicate a relatively robust level of
evidence, showing reproducible dose-related reductions of roughly 4-5 mmHg systolic and
2-3 mmHg diastolic pressure across diverse study populations.

4.3. Safety, Dosage, and Clinical Considerations

Omega-3 fatty acid supplementation is generally well tolerated within recommended
intake ranges. Reported adverse effects are typically mild and include gastrointestinal
discomfort and a fishy aftertaste. At higher doses, a modest increase in bleeding tendency
may occur in susceptible individuals, although clinically significant complications are
uncommon [89,90].

Clinical evidence suggests that daily intake of approximately 2-3 g of combined
EPA and DHA is most consistently associated with blood pressure reduction, while lower
habitual intakes may provide smaller long-term benefits [89]. The response varies according
to baseline blood pressure, background diet, genetics, and EPA:DHA ratio [10,11].

The magnitude of blood pressure reduction is also influenced by the underlying di-
etary context, including sodium intake and baseline cardiometabolic profile. Accordingly,
omega-3 fatty acids should be considered an adjunctive nutraceutical strategy that sup-
ports vascular health and complements pharmacological therapy rather than replacing
antihypertensive medication in established hypertension.

5. Probiotics and the Gut—Vascular Axis

The gut microbiota is increasingly recognized as an important regulator of cardio-
vascular physiology, influencing blood pressure through interactions among microbial
metabolites, host metabolism, immune signaling, and vascular function [13,14]. Growing
evidence suggests the existence of a gut-vascular axis, whereby alterations in microbial
composition and metabolic activity contribute to the development and progression of
hypertension [13,14].

Probiotics—defined as live microorganisms that confer health benefits when adminis-
tered in adequate amounts—have emerged as potential adjunctive nutraceutical strategies
for blood pressure control [15,16]. Their effects are mediated primarily through the produc-
tion of short-chain fatty acids, modulation of systemic inflammation, and interaction with
neurohormonal pathways involved in vascular regulation [17,91].

5.1. Gut Microbiota Dysbiosis and Hypertension

Hypertension is consistently associated with gut microbiota dysbiosis, characterized
by reduced microbial diversity and shifts in metabolically relevant bacterial taxa. This
includes depletion of short-chain fatty acid (SCFA)-producing genera such as Faecal-
ibacterium, Roseburia, and Bifidobacterium, accompanied by enrichment of potentially
pro-inflammatory organisms, including Prevotella, Desulfovibrio, and members of the
Enterobacteriaceae family [13]. Observational human studies demonstrate that hyper-
tensive individuals exhibit microbial and inflammatory metabolic profiles distinct from
normotensive populations [14].
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SCFAs—particularly acetate, propionate, and butyrate—interact with host receptors in-
volved in vascular tone regulation, immune signaling, and renal sodium handling, thereby
influencing blood pressure homeostasis [17]. Experimental evidence further supports a
causal relationship: transplantation of microbiota from hypertensive donors into normoten-
sive animals increases blood pressure, whereas transfer from normotensive donors exerts
protective effects [15].

Collectively, these findings indicate that microbiota alterations are not merely associ-
ated with hypertension but may actively contribute to its pathogenesis through metabolite-
mediated host—vascular signaling pathways.

5.2. Mechanisms Linking Probiotics to Blood Pressure Regulation

Probiotics may influence blood pressure primarily through the production of short-
chain fatty acids (SCFAs), including acetate, propionate, and butyrate, generated during
the fermentation of dietary fiber. These metabolites interact with host G-protein—coupled
receptors (GPR41 and GPR43) expressed in vascular, renal, and immune tissues, promoting
vasodilation and modulating autonomic regulation of vascular tone [14].

A second mechanism involves restoration of intestinal barrier integrity and attenua-
tion of systemic inflammation. Gut dysbiosis increases intestinal permeability, allowing
translocation of pro-inflammatory bacterial components such as lipopolysaccharides into
the circulation, thereby contributing to endothelial dysfunction and hypertension. Probiotic
supplementation has been shown to improve epithelial barrier function, reduce circulating
inflammatory markers, and enhance endothelial function [15].

Responses to probiotic supplementation vary among individuals because administered
strains interact with an existing microbial ecosystem rather than acting independently.
Colonization success, metabolite production, and downstream vascular effects depend on
baseline microbiota composition and substrate availability. Consequently, probiotics act as
modulators of metabolic networks rather than isolated pharmacological agents, which may
explain heterogeneous blood pressure responses observed across clinical trials [17].

Probiotics may also influence neurohormonal regulation. Certain strains generate
bioactive peptides capable of inhibiting angiotensin-converting enzyme activity, producing
effects comparable to mild dietary ACE inhibition [92]. In addition, modulation of bile
acid metabolism and improvements in insulin sensitivity may indirectly support vascular
homeostasis and blood pressure regulation [91]. Because these metabolic pathways rely on
bacterial fermentation, their vascular effects are influenced by the availability of fermentable
dietary substrates, linking probiotic efficacy to concurrent dietary fiber intake.

5.3. Clinical Evidence for Probiotic Interventions

Meta-analyses of randomized controlled trials demonstrate that probiotic supplemen-
tation produces modest but statistically significant reductions in blood pressure, averaging
approximately 2-4 mmHg systolic and 1-2 mmHg diastolic, with larger effects observed
in hypertensive populations [15]. The magnitude of response depends on formulation
characteristics, including strain selection, dose, treatment duration, and baseline blood
pressure. Multistrain preparations administered for at least 8-12 weeks generally provide
more consistent reductions than short-term or single-strain interventions [15].

Clinical efficacy appears to be strain-specific and linked to defined metabolic functions.
Lactobacillus helveticus has demonstrated antihypertensive effects attributed to the produc-
tion of angiotensin-converting enzyme inhibitory peptides [92]. In contrast, Lactobacillus
plantarum and Bifidobacterium longum are primarily associated with improved endothelial
function and reduced inflammation through enhanced short-chain fatty acid production
and restoration of intestinal barrier integrity [17]. Other strains, including Lactobacillus casei
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and Bifidobacterium breve, may exert indirect metabolic effects such as improved insulin
sensitivity and attenuation of systemic inflammatory signaling.

Overall, probiotics appear to act through strain-specific metabolic pathways rather
than as interchangeable agents, with efficacy determined by the functional properties of
the administered microorganisms. Current data support a contributory role of microbiota-
derived metabolites in hypertension pathophysiology, although causality in humans re-
mains uncertain. Consistent but modest blood pressure reductions across heterogeneous
trials indicate a moderate level of evidence.

5.4. Limitations and Future Perspectives

Despite encouraging findings, interpretation of current evidence remains limited
by substantial heterogeneity in probiotic strains, dosing regimens, treatment duration,
participant characteristics, and outcome assessment across studies [93]. In addition, in-
terindividual variability in gut microbiota composition influences treatment response,
supporting a potential role for personalized nutritional approaches [17].

Future research should identify specific microbial strains and metabolites most relevant
to blood pressure regulation and clarify interactions among probiotics, diet, and host factors.
Well-designed long-term randomized controlled trials are required to determine optimal
formulations and to define the role of probiotics as adjunctive therapy in hypertension
management. Most available trials remain short-term, limiting conclusions regarding
sustained blood pressure control.

6. Coenzyme Q10 and L-Arginine

Coenzyme Q10 (CoQ10) and L-arginine are nutraceutical compounds investigated
for their potential effects on cardiovascular physiology, particularly endothelial function
and oxidative stress regulation [94-96]. Although both influence pathways also targeted by
antihypertensive medications, they are classified as dietary supplements rather than anti-
hypertensive drugs because they function primarily as endogenous cofactors or metabolic
substrates rather than receptor-specific pharmacological agents [5,94].

Mechanistically, both compounds influence blood pressure regulation through mi-
tochondprial function, oxidative stress modulation, and NO signaling. CoQ10 supports
mitochondrial electron transport and ATP production and acts as a membrane antioxi-
dant [95,97]. L-arginine is the physiological substrate for endothelial nitric oxide synthase
(eNOS), directly supporting NO synthesis and endothelium-dependent vasodilation [94].
Accordingly, these interventions may be particularly relevant in clinical conditions charac-
terized by endothelial dysfunction and oxidative stress, including hypertension [96].

6.1. Coenzyme Q10

Coenzyme Q10 (ubiquinone) is a lipid-soluble component of the mitochondrial elec-
tron transport chain essential for oxidative phosphorylation and cellular ATP genera-
tion [97,98]. Beyond its bioenergetic role, CoQ10 acts as an endogenous antioxidant, limit-
ing oxidative damage in membranes and lipoproteins and participating in redox cycling
with vitamin E [95]. Reduced circulating or tissue CoQ10 concentrations have been de-
scribed in cardiovascular disease states, including hypertension, suggesting a relationship
with endothelial dysfunction and oxidative stress [97].

The antihypertensive effect of CoQ10 is mainly attributed to improved endothelial
function and restoration of NO bioavailability. By reducing lipid peroxidation and reactive
oxygen species production, CoQ10 preserves NO signaling and enhances endothelium-
dependent vasodilation, lowering peripheral vascular resistance [97,99]. Improvements in
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vascular compliance and myocardial efficiency may further contribute to blood pressure
reduction [99].

The highest standard for evidence quality (Cochrane methodology) and systematic
reviews report modest but clinically relevant reductions in blood pressure. Meta-analyses
typically demonstrate decreases higher effect on systolic blood pressure, especially at
lower doses and for prolonged periods [99-101]. Earlier small studies reported larger
effects, although these findings were not consistently reproduced in more rigorous tri-
als [101]. Overall, current evidence supports CoQ10 as an adjunctive rather than primary
antihypertensive therapy.

CoQ10 is generally well tolerated at doses of 100-300 mg/day. Reported ad-
verse effects are mild and typically limited to gastrointestinal discomfort, nausea, and
headache, with no consistent evidence of clinically significant hypotension or electrolyte
disturbances [102,103]. However, differences in formulation bioavailability and limited
long-term outcome data indicate the need for further well-designed trials [100,104]. Over-
all, the available randomized trials consistently show modest blood pressure reductions
compatible with improved endothelial function and oxidative balance, but variability in
formulations, baseline cardiovascular status, and study duration limits the strength of
inference to a moderate level.

6.2. L-Arginine

L-arginine is a semi-essential amino acid that serves as the primary substrate for
endothelial nitric oxide synthase (eNOS) and therefore plays a central role in NO produc-
tion and vascular homeostasis [94]. Reduced L-arginine availability and impaired NO
synthesis are characteristic features of endothelial dysfunction and hypertension, providing
a mechanistic rationale for supplementation [94].

Oral L-arginine administration increases NO bioavailability, resulting in improved
endothelium-dependent vasodilation, enhanced arterial compliance, and reduced periph-
eral vascular resistance [105]. In addition to its direct effect on NO synthesis, L-arginine
may modulate oxidative stress and inflammatory pathways, thereby supporting endothe-
lial function [106]. It has also been suggested in a systematic review and meta-analysis
of randomized controlled trials to influence insulin sensitivity and autonomic regulation,
which may indirectly contribute to blood pressure control [106].

Clinical evidence for the antihypertensive effect of L-arginine is heterogeneous but
generally supportive. Several randomized controlled trials report reductions in blood
pressure, particularly in individuals with hypertension, metabolic syndrome, or endothe-
lial dysfunction [105]. Meta-analyses indicate average decreases of approximately 4-5
mmHg in systolic and 2-3 mmHg in diastolic blood pressure [106,107]. Short interven-
tion duration and small sample sizes in many trials limit certainty regarding long-term
clinical effectiveness.

The magnitude of response appears to depend on baseline NO status, administered
dose, duration of treatment, and comorbid conditions [107]. Higher doses may cause
gastrointestinal discomfort, hypotension in combination with antihypertensive therapy,
and should be used cautiously in patients with severe cardiovascular disease or those
receiving nitrates or phosphodiesterase-5 inhibitors [108]. Because oral bioavailability of
L-arginine is limited by metabolism, alternative strategies targeting the same pathway, such
as L-citrulline supplementation, have been proposed to provide more sustained increases
in systemic arginine availability [109]. Overall, randomized trials suggest a reproducible
but modest blood pressure reduction consistent with enhanced nitric oxide availability;
however, differences in baseline endothelial function, dosing strategies, and short treatment
durations limit confidence in sustained long-term benefit.
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6.3. Summary

In summary, coenzyme Q10 and L-arginine represent complementary nutraceutical
approaches targeting distinct physiological pathways involved in blood pressure regulation.
Coenzyme Q10 primarily influences mitochondrial bioenergetics and cellular redox balance,
thereby supporting endothelial function, whereas L-arginine serves as a substrate for
nitric oxide synthesis and promotes endothelium-dependent vasodilation. Clinical studies
suggest modest reductions in blood pressure, particularly in individuals with impaired
endothelial function or increased oxidative stress. However, heterogeneity in study design,
dosing regimens, and patient populations limits definitive conclusions. Larger, well-
controlled, long-term randomized trials are required to clarify their durability of effect and
their role as adjunctive strategies within evidence-based hypertension management.

7. Nutrients Influencing Endothelial Function and the
Renin-Angiotensin System (RAS)

As discussed above, hypertension results from coordinated dysregulation of vascular,
renal, inflammatory, and neurohormonal pathways rather than a single defect. Reduced NO
bioavailability, increased oxidative stress, and chronic activation of the renin—-angiotensin
system (RAS) interact to maintain elevated vascular resistance. Angiotensin II promotes
vasoconstriction, inflammation, and reactive oxygen species production, which further
impairs endothelial signaling and perpetuates blood pressure elevation [110-112].

Across the nutraceutical categories discussed in this review, most compounds do
not function as direct vasodilators but instead influence upstream regulatory path-
ways. Their activity commonly depends on metabolic transformation into secondary
bioactive molecules—including phenolic metabolites, short-chain fatty acids, and lipid
mediators—that simultaneously affect endothelial signaling, renal sodium handling, im-
mune activation, and neurohormonal regulation [14,82]. This systems-level modulation
provides a mechanistic basis for the small but consistent reductions in blood pressure
observed across intervention studies.

7.1. Endothelial Function as a Target for Nutraceutical Intervention

Endothelial dysfunction, characterized by impaired NO signaling and increased ox-
idative stress, represents a central feature of hypertension [110,113]. Excess reactive oxygen
species reduce NO availability and promote a pro-inflammatory vascular phenotype [114].

The nutraceutical groups reviewed converge on restoration of endothelial redox bal-
ance through complementary mechanisms. Minerals influence vascular smooth muscle
excitability and intracellular calcium handling [113,115], polyphenol metabolites enhance
endothelial signaling and limit oxidative nitric oxide degradation [51,116], and omega-3
fatty acids modify membrane lipid composition while generating anti-inflammatory lipid
medjiators [10,82]. In parallel, microbiota-derived metabolites modulate vascular tone and
inflammatory activity [14,15], whereas coenzyme Q10 supports mitochondrial redox home-
ostasis [95]. Together, these mechanisms support improved endothelial function despite
modest individual blood pressure reductions [117].

Accordingly, convergent improvement in endothelial function provides a plausible
explanation for the reproducible, though limited, blood pressure reductions reported across
randomized trials and meta-analyses.

7.2. Nutritional Modulation of the Renin-Angiotensin System

The RAS regulates vascular tone and extracellular fluid balance. Chronic overacti-
vation contributes to vasoconstriction, sodium retention, oxidative stress, and vascular
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remodeling [111,117]. Nutraceuticals influence this system mainly through regulatory
modulation rather than pharmacological blockade.

Potassium improves renal sodium handling and suppresses renin release [113].

Magnesium affects vascular tone and insulin signaling, indirectly influencing RAS
activity [115].

Polyphenol metabolites and fermentation-derived peptides exhibit mild ACE-inhibitory
activity [51,92].

Omega-3 fatty acids attenuate angiotensin II-associated inflammation and oxidative
stress [10,83].

Together, these actions support attenuation of excessive RAS signaling rather than
complete inhibition.

7.3. Integrated Effects on Vascular Remodeling and Blood Pressure

A common feature across nutraceutical interventions is dependence on metabolic
activation. Many compounds exert biological effects through metabolites generated by
host enzymes or gut microbiota rather than the ingested molecules themselves [51,90].
Consequently, identical intake may produce different circulating metabolite profiles among
individuals, contributing to heterogeneous clinical responses.

This variability highlights the importance of metabolic phenotype and microbiota
composition in determining treatment efficacy and supports integration of metabolomics-
and microbiome-based approaches in future clinical research [118,119].

7.4. Clinical and Translational Implications

As stated already, lifestyle modification remains first-line therapy for hypertension,
yet long-term control is frequently inadequate [120]. The mechanisms described above
indicate that nutraceuticals are most relevant as adjunctive interventions in individuals
with endothelial dysfunction, metabolic inflammation, or residual cardiovascular risk
despite standard therapy [4].

Average reductions in blood pressure associated with nutraceutical intake are small
at the individual level but may be clinically meaningful at the population level [117]. For
that reason, future trials should focus on standardized formulations, longer follow-up, and
identification of responder phenotypes [117,118].

7.5. Integrated Mechanistic Summary

Nutraceuticals influence blood pressure through coordinated modulation of endothe-
lial signaling, oxidative stress, renal sodium handling, and RAS activity. Their effects de-
pend largely on metabolic and microbiota-derived mediators, producing gradual improve-
ments in vascular homeostasis rather than acute pharmacological vasodilation [14,110].
Accordingly, they should be considered complementary components of comprehensive
cardiovascular risk management.

8. Conclusions

Hypertension remains insufficiently controlled in many patients despite effective phar-
macological therapy, highlighting the importance of complementary preventive strategies.
Evidence from randomized trials and meta-analyses indicates that several nutraceutical
categories—including minerals, polyphenols, omega-3 fatty acids, probiotics, coenzyme
Q10, and L-arginine—produce modest but consistent reductions in blood pressure, typically
in the range of 2-8 mmHg. Although these effects are relatively small at the individual
level, they may contribute to meaningful cardiovascular risk reduction at the population
level when combined with established lifestyle interventions.
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Current evidence suggests that nutraceuticals act primarily as physiological modula-
tors influencing endothelial function, inflammation, oxidative stress, and neurohormonal
regulation rather than as direct pharmacological antihypertensive agents. However, het-
erogeneity in study design, dosing strategies, and formulations limits precise clinical
recommendations. Future research should prioritize standardized intervention protocols,
longer follow-up periods, and identification of responder phenotypes using microbiome
and metabolomic approaches. Overall, nutraceuticals should be considered supportive
components of comprehensive cardiovascular risk management alongside pharmacological
therapy and lifestyle modification.
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