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Abstract
Vascular biology, endothelial and vascular smooth 
muscle and cardiac dysfunction play a primary role in 
the initiation and perpetuation of hypertension, cardio-
vascular disease and target organ damage. Nutrient-
gene interactions and epigenetics are predominant 
factors in promoting beneficial or detrimental effects 
in cardiovascular health and hypertension. Macronutri-
ents and micronutrients can prevent, control and treat 
hypertension through numerous mechanisms related 
to vascular biology. Oxidative stress, inflammation and 
autoimmune dysfunction initiate and propagate hyper-
tension and cardiovascular disease. There is a role for 
the selected use of single and component nutraceutical 
supplements, vitamins, antioxidants and minerals in 
the treatment of hypertension based on scientifically 
controlled studies which complement optimal nutrition, 
coupled with other lifestyle modifications.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hypertension; Nutrition; Nutritional supple-
ments; Cardiovascular disease; Vascular biology

Core tip: Vascular biology and endothelial dysfunction 
play a primary roles in hypertension and subsequent 

cardiovascular disease. Micronutrients, macronutrients 
and optimal nutrition and nutritional supplements can 
prevent, control and treat hypertension through nu-
merous mechanisms related to vascular biology. These 
treatments are complementary to drug therapy. Oxida-
tive stress, inflammation and autoimmune dysfunction 
initiate and propagate hypertension and cardiovascular 
disease. There is a role for the selected use of single 
and component nutraceutical supplements, vitamins, 
antioxidants and minerals in the treatment of hyper-
tension based on scientifically controlled studies which 
complement optimal nutrition, coupled with other life-
style modifications.
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INTRODUCTION
Vascular disease is a balance between vascular injury and 
repair (Figure 1). The endothelium is in a strategic loca-
tion between the blood and the vascular smooth muscle 
and secretes various substances to maintain vascular 
homeostasis and health (Figures 2 and 3). Various insults 
that damage the endothelium, lead to endothelial dysfunc-
tion (ED) and may induce hypertension and other cardio-
vascular diseases. Hypertension may be a hemodynamic 
marker of  injured endothelium and vascular smooth 
muscle related to finite responses of  inflammation, oxida-
tive stress and immune dysfunction of  the arteries leading 
to ED, vascular and cardiac smooth muscle dysfunction, 
loss of  arterial elasticity with reduced arterial compliance 
and increased systemic vascular resistance. Hypertension 
is a consequence of  the interaction of  genetics and envi-
ronment. Macronutrients and micronutrients are crucial 
in the regulation of  blood pressure (BP) and subsequent 
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target organ damage (TOD). Nutrient-gene interactions, 
subsequent gene expression, epigenetics, oxidative stress, 
inflammation and autoimmune vascular dysfunction 
have positive or negative influences on vascular biology 
in humans. Endothelial activation with ED and vascular 
smooth muscle dysfunction (VSMD) initiate and perpetu-
ate essential hypertension.

Macronutrient and micronutrient deficiencies are 
very common in the general population and may be even 

more common in patients with hypertension and cardio-
vascular disease due to genetics, environmental causes 
and prescription drug use. These deficiencies will have an 
enormous impact on present and future cardiovascular 
health outcomes such as hypertension, myocardial infarc-
tion (MI), stroke and renal disease. The diagnosis and 
treatment of  these nutrient deficiencies will reduce BP 
and improve vascular health, ED, vascular biology and 
cardiovascular events.

EPIDEMIOLOGY
Epidemiology underscores the etiologic role of  diet and 
associated nutrient intake in hypertension. The transition 
from the Paleolithic diet to our modern diet has pro-
duced an epidemic of  nutritionally-related diseases (Table 
1). Hypertension, atherosclerosis, coronary heart disease 
(CHD), MI, congestive heart failure (CHF), cerebro-
vascular accidents (CVA), renal disease, type 2 diabetes 
mellitus (T2DM), metabolic syndrome (MS) and obesity 
are some of  these diseases[1,2]. Table 1 contrasts intake of  
nutrients involved in BP regulation during the Paleolithic 
Era and modern time. Evolution from a pre-agricultural, 
hunter-gatherer milieu to an agricultural, refrigeration 
society has imposed an unnatural and unhealthful nutri-
tional selection process. In sum, diet has changed more 
than our genetics can adapt.

The human genetic makeup is 99.9% that of  our 
Paleolithic ancestors, yet our nutritional, vitamin and 
mineral intakes are vastly different[3]. The macronutrient 
and micronutrient variations, oxidative stress from radical 
oxygen species (ROS) and radical nitrogen species (RNS) 
and inflammatory mediators such as cell adhesion mol-
ecules (CAMs), cytokines, signaling molecules and auto-
immune vascular dysfunction of  T cells and B cells, con-
tribute to the higher incidence of  hypertension and other 
cardiovascular diseases through complex nutrient-gene 
interactions, epigenetic and nutrient-caveolae interactions 
and nutrient reactions with pattern recognition recep-
tors [toll like receptors (TLR) and nod like receptors] in 
the endothelium[4-9] (Figure 4). Reduction in nitric oxide 
bioavailability, increase in angiotensin Ⅱ and endothelin 
coupled with endothelial activation initiate the vascular 
and cardiac dysfunction and hypertension. Poor nutri-
tion, coupled with obesity and a sedentary lifestyle have 
resulted in an exponential increase in nutritionally-related 
diseases. In particular, the high Na+/K+ ratio of  modern 
diets has contributed to hypertension, CVA, CHD, MI, 
CHF and renal disease[3,10] as have the relatively low intake 
of  omega-3 PUFA, increase in omega-6 PUFA, saturated 
fat and trans fatty acids[11].

PATHOPHYSIOLOGY
Vascular biology assumes a pivotal role in the initiation 
and perpetuation of  hypertension and cardiovascu-
lar TOD[1]. Oxidative stress (ROS and RNS), inflam-
mation (increased expression of  redox-sensitive pro-
inflammatory genes, CAMs and recruitment migration 
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Figure 1  Vascular health is a balance of injury and repair. EPC’s: Endothe-
lial progenitor cells.
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Figure 2  The blood vessel structure.
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Figure 3  The role of the vascular endothelium to maintain vascular home-
stasis and health. VSMC: Vascular smooth muscle cells.



and infiltration of  circulating cells) and autoimmune 
vascular dysfunction (T cells and B cells) are the primary 
pathophysiologic and functional mechanisms that induce 
vascular disease[1,12-14] (Figure 5). All three of  these are 
closely inter-related and establish a deadly combination 
that leads to ED, vascular smooth muscle and cardiac 
dysfunction, hypertension, vascular disease, atheroscle-
rosis and CVD. Hypertension is not a disease but is the 
correct and chronically dysregulated response with an 
exaggerated outcome of  the infinite insults to the blood 
vessel with subsequent environmental-genetic expression 
patterns and downstream disturbances in which the vas-
cular system is the innocent bystander. This becomes a 
maladaptive vascular response that was initially intended 
to provide vascular defense to the endothelial insults 
(Figure 6)[1,13-15]. Hypertension is a vasculopathy charac-
terized by ED, structural remodeling, vascular inflam-
mation, increased arterial stiffness, reduced distensibility 
and loss of  elasticity[13]. These insults are biomechanical 
(BP, pulse pressure, blood flow, oscillatory flow, turbu-
lence, augmentation, pulse wave velocity and reflected 

waves) and biohumoral or biochemical which includes all 
the non-mechanical causes such as metabolic, endocrine, 
nutritional, toxic, infectious and other etiologies[1] (Figure 
4). In addition to the very well established connections 
for endocrine and nutritional causes of  hypertension, 
toxins and infections also increase BP[16-20]. Various tox-
ins such as polychlorinated biphenyls, mercury, lead, cad-
mium, arsenic and iron also increase BP and CVD[16,17]. 
Numerous microbial organisms have been implicated 
in hypertension and CHD[18-20]. All of  these insults lead 
to impaired microvascular structure and function which 
manifests clinically as hypertension[12-14]. The level of  BP 
may not give an accurate indication of  the microvascular 
involvement and impairment in hypertension. Hyper-
tensive patients have abnormal microvasculature in the 
form of  inward eutrophic remodeling of  the small resis-
tance arteries leading to impaired vasodilatory capacity, 
increased vascular resistance, increased media to lumen 
ratio, decreased maximal organ perfusion and reduced 
flow reserve, especially in the heart with decreased 
coronary flow reserve[12-14]. Significant functional then 
structural microvascular impairment occurs even before 
the BP begins to rise in normotensive offspring of  hy-
pertensive parents evidenced by ED, impaired vasodila-
tion, forearm vascular resistance, diastolic dysfunction, 
increased left ventricular mass index, increased septal 
and posterior wall thickness and left ventricular hyper-
trophy[12,15]. Thus, the cellular processes underlying the 
vascular perturbations constitute a vascular phenotype 
of  hypertension that may be determined by early life 
programming and imprinting which is compounded by 
vascular aging[12-14].

Oxidative stress
Oxidative stress, with an imbalance between ROS and 
RNS and the anti-oxidant defense mechanisms, contrib-
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  Nutrients and Paleolithic intake Modern intake

  dietary characteristics
  Sodium < 50 mmol/d (1.2 g)    175 mmol/d (4 g)
  Potassium    > 10000 meq/d (256 g) 150 meq/d (6 g)
  Sodium/potassium ratio     < 0.13/d > 0.67/d
  Protein 37%          20%
  Carbohydrate 41% 40%-50%
  Fat 22% 30%-40%
  Polyunsaturated/saturated
  Fat ratio

                  1.4          0.4

  Fiber    > 100 g/d        9 g/d

Table 1  Dietary intake of nutrients involved in vascular 
biology: Comparing and contrasting the diet of paleolithic 
and contemporary humans
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Figure 4  Infinite insults with three finite vas-
cular responses. Biomechanical insults such as 
hypertension result in stimulation of pattern recog-
nition receptors and caveolae that induce vascular 
inflammation, oxidative stress and immune dys-
function endothelial dysfunction and vascular and 
cardiac smooth muscle dysfunction. TLR: Toll like 
receptors.
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stress and an exaggerated oxidative stress response to 
various stimuli[21,22]. Hypertensive subjects also have lower 
plasma ferric reducing ability of  plasma, lower vitamin 
C levels and increased plasma 8-isoprostanes, which cor-
relate with both systolic and diastolic BP. Various single-
nucleotide polymorphisms (SNP’s) in genes that codify 
for anti-oxidant enzymes are directly related to hyper-
tension[23]. These include NADPH oxidase, xanthine 
oxidase, superoxide dismutase 3 (SOD 3), catalase, glu-
tathione peroxidase 1 (GPx 1) and thioredoxin. Antioxi-
dant deficiency and excess free radical production have 
been implicated in human hypertension in numerous 

utes to the etiology of  hypertension in animals[10] and hu-
mans[11,12]. Radical oxygen species and RNS are generated 
by multiple cellular sources, including nicotinamide ad-
enine dinucleotide phosphate hydrase (NADPH) oxidase, 
mitochondria, xanthine oxidase, uncoupled endothelium-
derived nitric oxide (NO) synthase (U-eNOS), cyclo-
oxygenase and lipo-oxygenase[11]. Superoxide anion is 
the predominant ROS species produced by these tissues, 
which neutralizes NO and also leads to downstream pro-
duction of  other ROS (Figure 3). Hypertensive patients 
have impaired endogenous and exogenous anti-oxidant 
defense mechanisms[21], an increased plasma oxidative 
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Figure 6  Stimuation of the AT1R increases pro-
duction of superoxide anion which neutralizes 
nitric oxide and also forms additional downstream 
radical oxygen species and radical nitrogen spe-
cies that increase vascular oxidative stress. AA: 
Arachidonic acid; NOS: Nitric oxide synthase.
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epidemiologic, observational and interventional studies 
(Table 2)[21,22,24]. Radical oxygen species directly damage 
endothelial cells, degrade NO, influence eicosanoid me-
tabolism, oxidize LDL, lipids, proteins, carbohydrates, 
DNA and organic molecules, increase catecholamines, 
damage the genetic machinery, influence gene expression 
and transcription factors[1,21,22,25,26]. The inter-relations of  
neurohormonal systems, oxidative stress and cardiovas-
cular disease are shown in Figures 6 and 7. The increased 
oxidative stress, inflammation and autoimmune vascular 
dysfunction in human hypertension results from a com-
bination of  increased generation of  ROS and RNS, an 
exacerbated response to ROS and RNS and a decreased 
antioxidant reserve[24-29]. Increased oxidative stress in the 
rostral ventrolateral medulla (RVLM) enhances gluta-
matergic excitatory inputs and attenuates GABA-ergic 
inhibitory inputs to the RVLM which contributes to in-
creased sympathetic nervous system (SNS) activity from 

the paraventricular nucleus[30]. Activation of  the AT1R 
in the RVLM increases NADPH oxidase and increases 
oxidative stress and superoxide anion, increases SNS 
outflow causing an imbalance of  SNS/PNS activity with 
elevation of  BP, increased heart rate and alterations in 
heart rate variability and heart rate recovery time, which 
can be blocked by AT1R blockers[30,31].

Inflammation
The link between inflammation and hypertension has 
been suggested in both cross-sectional and longitudinal 
studies[32]. Increases in high sensitivity C-reactive protein 
(HS-CRP) as well as other inflammatory cytokines such 
as interleukin-1B, (IL-1B), IL-6, tumor necrosis alpha 
(TNF-α) and chronic leukocytosis occur in hyperten-
sion and hypertensive- related TOD, such as increased 
carotid IMT[33]. HS-CRP predicts future CV events[32,33]. 
Elevated HS-CRP is both a risk marker and risk factor 

  The cytotoxic reactive oxygen species and the natural defense mechanisms

  Reactive oxygen apecies   Antioxidant defense mechanisms
     Free radicals      Enzymatic scavengers 
        O2•-                Superoxide anion radical SOD            Superoxide dismutase
        OH•                Hydroxyl radical            2O2•- + 2H+ → H2O2 + O2

        ROO•                Lipid peroxide (peroxyl) CAT            Catalase (peroxisomal-bound)
        RO•                Alkoxyl            2H2O2 → O2 + H2O
        RS•                Thiyl GTP            Glutathione peroxidase
        NO•                Nitric oxide            2GSH + H2O2 → GSSG + 2H2O
        NO2•                Nitrogen dioxide            2GSH + ROOH → GSSG + ROH + 2H2O
        ONOO-                Peroxynitrite
        CCl3•                Trichloromethyl      Nonenzymatic scavengers

        Vitamin A
     Non-radicals         Vitamin C (ascorbic acid)
        H2O2                Hydrogen peroxide         Vitamin E (α-tocopherol)
        HOCl                Hypochlorous acid         β-carotene
        ONOO-                Peroxynitrite         Cysteine
        1O2                Singlet oxygen         Coenzyme Q
  The superscripted bold dot indicates an unpaired electron and the negative
  charge indicates a gained electron. GSH, reduced glutathione; GSSG, oxidized
  glutathione; R, lipid chain. Singlet oxygen is an unstable molecule due to the
  two electrons present in its outer orbit spinning in opposite directions.

        Uric acid
        Flavonoids 
        Sulfh ydryl group
        Thioether compounds

Table 2  Oxidative stress induces endothelial dysfunction, vascular disease and hypertension. Host protective factors include 
enzymatic and non-enzymatic defenses influenced by diet and nutrients

RAS activation Endothelial dysfunction Neutrophil activation

↑ Norepinephrine ↑ Hyperchlorous acid↑ Peroxynitrite↑ Angiotensin Ⅱ

Oxidative 

Vascular defects Cardiac defects

Hypertension Atherosclerosis Heart dysfunction Arrhythmias

Pathophysiologic stimulus

SNS activation

Figure 7  Neurohormonal and oxidative stress system interac-
tion on cardiac and vascular muscle. SNS: Sympathetic ner-
vous system; RAS: Renin angiotensin (aldosterone) system.
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for hypertension and CVD[34,35]. Increases in HS-CRP of  
over 3 μg/mL may increase BP in just a few days that is 
directly proportional to the increase in HS-CRP[34,35]. Ni-
tric oxide and eNOS are inhibited by HS-CRP[34,35]. The 
AT2R, which normally counterbalances AT1R, is down-
regulated by HS-CRP[34,35]. Angiotensin Ⅱ (A-Ⅱ) upregu-
lates many of  the cytokines, especially IL-6, CAMs and 
chemokines by activating nuclear factor Kappa B (NF-
κB) leading to vasoconstriction. These events, along with 
the increases in oxidative stress and endothelin-1, elevate 
BP[32].

Autoimmune dysfunction
Innate and adaptive immune responses are linked to hy-
pertension and hypertension-induced CVD through at 
least three mechanisms: cytokine production, central ner-
vous system stimulation and renal damage. This includes 
salt-sensitive hypertension with increased renal inflam-
mation as a result of  T cell imbalance, dysregulation of  
CD4+ and CD8+ lymphocytes and chronic leukocytosis 
with increased neutrophils and reduced lymphocytes[36-38]. 
Leukocytosis, especially increased neutrophils and de-
creased lymphocyte count increase BP in Blacks by 6/2 
mmHg in the highest vs the lowest tertile[38]. Macrophages 
and various T-cell subtypes regulate BP, invade the arte-
rial wall, activate TLRs and induce autoimmune vascular 
damage[38,39]. Angiotensin Ⅱ activates immune cells (T 
cells, macrophages and dendritic cells) and promotes cell 
infiltration into target organs[39]. CD4+ T lymphocytes 
express AT1R and PPAR gamma receptors, and release 
TNF-α, interferon and interleukins within the vascular 
wall when activated[39] (Figure 5). IL-17 produced by T 
cells may play a pivotal role in the genesis of  hyperten-
sion caused by Angiotensin Ⅱ[39]. Hypertensive patients 
have significantly higher TLR 4 mRNA in monocytes 
compared to normal[40]. Intensive reduction in BP to sys-
tolic BP (SBP) less than 130 mmHg vs SBP to only 140 
mmHg lowers the TLR 4 more[40]. A-Ⅱ activates the TLR 
expression leading to inflammation and activation of  the 
innate immune system. When TLR 4 is activated there is 
downstream macrophage activation, migration, increase 
metalloproteinase 9, vascular remodeling, collagen accu-
mulation in the artery, LVH and cardiac fibrosis[40]. The 
autonomic nervous system is critical in either increasing 
or decreasing immune dysfunction and inflammation[41]. 
Efferent cholinergic anti-inflammatory pathways via the 
vagal nerve innervate the spleen, nicotine acetylcholine 
receptor subunits and cytokine producing immune cells 
to influence vasoconstriction and BP[41]. Local CNS in-
flammation or ischemia may mediate vascular inflamma-
tion and hypertension[39].

Aldosterone is associated with increased adaptive 
immunity and autoimmune responses with CD4+ T cell 
activation and Th 17 polarization with increased IL 17, 
TGF-β and TNF-α which modulate over 30 inflam-
matory genes[42,43]. Increased serum aldosterone is an 
independent risk factor for CVD and CHD through 
non-hemodynamic effects as well as through increased 

BP[42,43]. Blockade of  mineralocorticoid receptors in the 
heart, brain, blood vessels and immune cells reduces CV 
risk even with the persistence of  hypertension[42,43].

TREATMENT
Many of  the natural compounds in food, certain nutra-
ceutical supplements, vitamins, antioxidants or minerals 
function in a similar fashion to a specific class of  antihy-
pertensive drugs. Although the potency of  these natural 
compounds may be less than the antihypertensive drug, 
when used in combination with other nutrients and nu-
traceutical supplements, the antihypertensive effect is 
additive or synergistic. Table 3 summarizes these natural 
compounds into the major antihypertensive drug classes 
such as diuretics, beta blockers, central alpha agonists, di-
rect vasodilators, calcium channel blockers (CCB’s), angio-
tensin converting enzyme inhibitors (ACEI’s), angioten-
sin receptor blockers (ARB’s) and direct renin inhibitors 
(DRI).

Dietary Approaches to Stop Hypertension diets
The Dietary Approaches to Stop Hypertension (DASH) 
Ⅰ and Ⅱ diets conclusively demonstrated significant 
reductions in BP in borderline and stage Ⅰ hypertensive 
patients[44,45]. In DASH Ⅰ untreated hypertensive subjects 
with SBP < 160 mmHg and DBP 80-95 mmHg were 
placed on one of  three diets for 4 wk, control diet, fruit 
and vegetable diet (F + V) and combined diet that added 
F + V and low fat dairy[44]. DASH Ⅱ added progressive 
sodium restriction in each group[45]. The control diet 
consisted of  sodium at 3 g/d, potassium, magnesium and 
calcium at 25% of  the US average, macronutrients at US 
average of  4 servings per day, a sodium/potassium ratio 
of  1.7 and fiber at 9 g/d. The F + V diet increased the 
potassium, magnesium and calcium to 75%, macronutri-
ents to greater than the US average, a sodium potassium 
ratio of  0.7, 31 g of  fiber and 8.5 servings of  fruits and 
vegetables per day. The combined diet was similar to the 
F + V diet but added low fat dairy. At 2 wk the BP was 
decreased by 10.7/5.2 mmHg in the hypertensive patients 
in DASH Ⅰ and 11.5/6.8 mmHg in the hypertensive pa-
tients in DASH Ⅱ. These reductions persisted as long as 
the patients were on the diet. The DASH diet increases 
plasma renin activity (PRA) and serum aldosterone levels 
in response to the BP reductions[46,47]. The mean increase 
in PRA was 37 ng/mL per day[47]. There was an associ-
ated of  response with the G46A polymorphism of  beta 2 
adrenergic receptor. The A allele of  G46A had a greater 
BP reduction and blunted PRA and aldosterone. The 
arachidonic acid (AA) genotype had the best response 
and the GG genotype had no response. Adding an ARB, 
ACEI or DRI improved BP response to the DASH diet 
in the GG group due to blockade of  the increase in PRA. 
A low sodium DASH diet decreases oxidative stress (urine 
F2-isoprostanes), improves vascular function (augmenta-
tion index) and lowers BP in salt sensitive subjects[48]. In 
addition, plasma nitrite increased and pulse wave velocity 
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decreased at week two on the DASH diet[49].

Sodium (Na+) reduction
The average sodium intake in the US is 5000 mg/d with 
some areas of  the country consuming 15000-20000 
mg/d[50]. However, the minimal requirement for sodium 

is probably about 500 mg/d[50]. Epidemiologic, observa-
tional and controlled clinical trials demonstrate that an 
increased sodium intake is associated with higher BP as 
well as increased risk for CVD, CVA, LVH, CHD, MI, 
renal insufficiency, proteinuria and over activity of  the 
SNS[1,50]. A reduction in sodium intake in hypertensive 
patients, especially the salt sensitive patients, will signifi-
cantly lower BP by 4-6/2-3 mmHg that is proportional 
to the degree of  sodium restriction and may prevent or 
delay hypertension in high risk patients and reduce future 
CV events[51-53].

Salt sensitivity (≥ 10% increase in MAP with salt 
loading) occurs in about 51% of  hypertensive patients 
and is a key factor in determining the cardiovascular, 
cerebrovascular, renal and BP responses to dietary salt 
intake[54]. Cardiovascular events are more common in the 
salt sensitive patients than in salt resistant ones, indepen-
dent of  BP[55]. An increased sodium intake has a direct 
positive correlation with BP and the risk of  CVA and 
CHD[56]. The risk is independent of  BP for CVA with a 
relative risk of  1.04 to 1.25 from the lowest to the highest 
quartile[56]. In addition, patients will convert to a nondip-
ping BP pattern with increases in nocturnal BP as the 
sodium intake increases[56].

Increased sodium intake has a direct adverse effect 
on endothelial cells[57-61]. Sodium promotes cutaneous 
lymphangiogenesis, increases endothelial cell stiffness, 
reduces size, surface area, volume, cytoskeleton, deform-
ability and pliability, reduces eNOS and NO production, 
increases asymmetric dimethyl arginine (ADMA), oxida-
tive stress and TGF-β. All of  these abnormal vascular re-
sponses are increased in the presence of  aldosterone[57-61]. 
These changes occur independent of  BP and may be 
partially counteract by dietary potassium[57-61]. The en-
dothelial cells act as vascular salt sensors[62]. Endothelial 
cells are targets for aldosterone which activate epithelial 
sodium channels (ENaCs) and have a negative effects 
on release of  NO and on endothelial function. The me-
chanical stiffness of  the cell plasma membrane and the 
submembranous actin network (endothelial glcyocalyx) 
(“shell”) serve as a “firewall” to protect the endothelial 
cells and are regulated by serum sodium, potassium and 
aldosterone within the physiologic range[62]. Changes in 
shear-stress-dependent activity of  the endothelial NO 
synthase located in the caveolae regulate the viscosity in 
this “shell”[62]. High plasma sodium gelates the shell of  
the endothelial cell, whereas the shell is fluidized by high 
potassium. These communications between extracellular 
ions and intracellular enzymes occur at the plasma mem-
brane barrier, whereas 90% of  the total cell mass remains 
uninvolved in these changes. Blockade of  the ENaC with 
spironolactone (100%) or amiloride (84%) minimizes or 
stop many of  these vascular endothelial responses and 
increase NO[58,63]. Nitric oxide release follows endothelial 
nanomechanics and not vice versa and membrane de-
polarization decreases vascular endothelial cell stiffness 
which improves flow mediated nitric-oxide dependent va-
sodilation[64,65]. In the presence of  vascular inflammation 
and increased HS-CRP, the effects of  aldosterone on the 

  Antihypertensive Foods and ingredients Nutrients and other 
  therapeutic class listed by therapeutic class supplements listed 
  (alphabetical listing) by therapeutic class
  Angiotensin 
  converting 
  enzyme 
  inhibitors

Egg yolk
Fish (specific): bonito,

dried salted fish, fish sauce
sardine muscle/protein

tuna garlic gelatin
hawthorne berry

Milk products (specific):
casein sour milk

whey (hydrolyzed) sake
sea vegetables (kelp)
sea weed (wakame)

wheat germ (hydrolyzed)
zein (corn protein)

Melatonin
omega-3 fatty acids

pomegranate 
pycnogenol

zinc

  Angiotensin 
  receptor 
  blockers

Celery
fiber
garlic

MUFA

Coenzyme Q10
gamma linolenic acid

N-acetyl cysteine
oleic acid resveratrol

potassium taurine
vitamin C vitamin B6 

(pyridoxine)
  Beta blockers Hawthorne berry
  Calcium channel
  blockers

Celery
garlic

hawthorn berry
MUFA

Alpha lipoic acid
calcium magnesium

N-acetyl cysteine
oleic acid

omega-3 fatty acids:
eicosapentaenoic acid
docosahexaenoic acid

taurine vitamin B6
vitamin C vitamin E

  Central alpha
  agonists
  (reduce sympathetic
  nervous system
  activity)

Celery
fiber
garlic

protein

Coenzyme Q 10
gamma linolenic acid

potassium
restriction of sodium

taurine vitamin C
vitamin B6 zinc

  Direct renin
  inhibitors

Vitamin D

  Direct vasodilators Celery
cooking oils with 

monounsaturated fats
fiber garlic 
MUFA soy

Alpha linolenic acid
arginine calcium

flavonoids magnesium
Omega-3 fatty acids
potassium taurine

vitamin C vitamin E
  Diuretics Celery

hawthorn berry
protein

Calcium
coenzyme Q 10 fiber
gamma linolenic acid

l-carnitine magnesium
potassium taurine

vitamin B6 vitamin C
Vitamin E: high 

gamma/delta tocoph-
erols and tocotrienols.

Table 3  Natural antihypertensive compounds categorized by 
antihypertensive class

MUFA: Monounsaturated fatty acids.
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ENaC is enhanced further increasing vascular stiffness 
and BP[66]. High sodium intake also abolishes the AT2R-
mediated vasodilation immediately with complete aboli-
tion of  endothelial vasodilation (EDV) within 30 d[67]. 
Thus, it has become clear that increased dietary sodium 
has adverse effects on the vascular system, BP and CVD 
by altering the endothelial glycocalyx, which is a nega-
tively charged biopolymer that lines the blood vessels 
and serves as a protective barrier against sodium over-
load, increased sodium permeability and sodium-induced 
TOD[68]. Certain SNP’s of  salt inducible kinase Ⅰ which 
alter Na+/K+ ATPase, determine sodium induced hyper-
tension and LVH[69].

The sodium intake per day in hypertensive patients 
should be between 1500 to 2000 mg. Sodium restriction 
improves BP reduction in those on patients that are on 
pharmacologic treatment and the decrease in BP is ad-
ditive with restriction of  refined carbohydrates[70,71]. Re-
ducing dietary sodium intake may reduce damage to the 
brain, heart, kidney and vasculature through mechanisms 
dependent on the small BP reduction as well as those in-
dependent of  the decreased BP[72-75].

A balance of  sodium with other nutrients, especially 
potassium, magnesium and calcium is important, not only 
in reducing and controlling BP, but also in decreasing car-
diovascular and cerebrovascular events[3,72,73]. An increase 
in the sodium to potassium ratio is associated with signif-
icantly increased risk of  CVD and all-cause mortality[72]. 
The Yanomamo Indians consume and excrete only 1 meq 
of  sodium in 24 h and consume and excrete 152 meq of  
potassium in 24 h[73]. The Na+ to K+ ratio is 1/152 and is 
associated with elevated PRA, but BP does not increase 
with age. At age 50 the average BP in the Yanomamo is 
100-108/64-69 mmHg[73].

Potassium
The average U.S. dietary intake of  potassium (K+) is 45 
mmol/d with a potassium to sodium (K+/Na+) ratio 
of  less than 1:2[10,74]. The recommended intake of  K+ is 
4700 mg/d (120 mmol) with a K+/Na+ ratio of  about 
4-5 to 1[10,74]. Numerous epidemiologic, observational 
and clinical trials have demonstrated a significant reduc-
tion in BP with increased dietary K+ intake in both nor-
motensive and hypertensive patients[10,74,76]. The average 
BP reduction with a K+ supplementation of  60 to 120 
mmol/d is 4.4/2.5 mmHg in hypertensive patients but 
may be as much as 8/4.1 mmHg with 120 mmol/d (4700 
mg)[10,74,76,77]. In hypertensive patients, the linear dose-
response relationship is 1.0 mmHg reduction in SBP and 
0.52 mmHg reduction in diastolic BP per 0.6 g/d increase 
in dietary potassium intake that is independent of  base-
line dietary potassium ingestion[10]. The response depends 
on race (black > white), sodium, magnesium and calcium 
intake[10]. Those on a higher sodium intake have a greater 
reduction in BP with potassium[10]. Alteration of  the 
K+/Na+ ratio to a higher level is important for both anti-
hypertensive as well as cardiovascular and cerebrovascular 
effects[10,77]. High potassium intake reduces the incidence 
of  cardiovascular (CHD, MI) and CVA independent of  

the BP reduction[10,74,76,77]. There are also reductions in 
CHF, LVH, diabetes mellitus and cardiac arrhythmias[10]. 
If  the serum potassium is less than 4.0 meq/dL, there 
is an increased risk of  CVD mortality, ventricular tachy-
cardia, ventricular fibrillation and CHF[10]. Red blood cell 
potassium is a better indication of  total body stores and 
CVD risk than is serum potassium[10]. Gu et al[77] found 
that potassium supplementation at 60 mmol of  KCl per 
day for 12 wk significantly reduced SBP -5.0 mmHg (range 
-2.13 to -7.88 mmHg) (p < 0.001) in 150 Chinese men 
and women aged 35 to 64 years.

Potassium increases natriuresis, modulates barore-
flex sensitivity, vasodilates, decreases the sensitivity to 
catecholamines and Angiotensin Ⅱ, increases sodium 
potassium ATPase and DNA synthesis in the vascular 
smooth muscle cells and decreases SNS activity in cells 
with improved vascular function[10]. In addition, potas-
sium increases bradykinin and urinary kallikrein, de-
creases NADPH oxidase, which lowers oxidative stress 
and inflammation, improves insulin sensitivity, decreases 
ADMA, reduces intracellular sodium and lowers produc-
tion of  TGF-β[10].

Each 1000 mg increase in potassium intake per day 
reduces all cause mortality by approximately 20%. Potas-
sium intake of  4.7 g/d is estimated to decrease CVA by 
8% to 15% and MI by 6%-11%[10]. Numerous SNP’s such 
as nuclear receptor subfamily 3 group C, angiotensin Ⅱ 
type receptor and hydroxysteroid 11 beta dehydrogenase 
(HSD11B1 and B2) determine an individual’s response 
to dietary potassium intake[78]. Each 1000 mg decrease in 
sodium intake per day will decrease all cause mortality by 
20%[10,73]. A recent analysis suggested a dose related re-
sponse to CVA with urinary potassium excretion[79]. There 
was a RRR of  CVA of  23% at 1.5-1.99 g, 27% at 2.0-2.49 g, 
29% at 2.5-3 g and 32% over 3 g/d of  potassium urinary 
excretion[79]. The recommended daily dietary intake for 
patients with hypertension is 4.7 to 5.0 g of  potassium 
and less than 1500 mg of  sodium[10]. Potassium in food 
or from supplementation should be reduced or used with 
caution in those patients with renal impairment or those 
on medications that increase renal potassium retention 
such as ACEI, ARB, DRI and serum aldosterone recep-
tor antagonists[10].

Magnesium
A high dietary intake of  magnesium of  at least 500-1000 
mg/d reduces BP in most of  the reported epidemiologic, 
observational and clinical trials, but the results are less 
consistent than those seen with Na+ and K+[74,80]. In most 
epidemiologic studies, there is an inverse relationship 
between dietary magnesium intake and BP[74,80,81]. A study 
of  60 essential hypertensive subjects given magnesium 
supplements showed a significant reduction in BP over 
an eight week period documented by 24 h ambulatory BP, 
home and office blood BP[74,80,81]. The maximum reduc-
tion in clinical trials has been 5.6/2.8 mmHg but some 
studies have shown no change in BP[82]. The combination 
of  high potassium and low sodium intake with increased 
magnesium intake had additive anti-hypertensive ef-

Houston M. Hypertension, nutrition, nutritional supplements, cardiovascular disease



46 February 26, 2014|Volume 6|Issue 2|WJC|www.wjgnet.com

fects[82]. Magnesium also increases the effectiveness of  all 
anti-hypertensive drug classe[82].

Magnesium competes with Na+ for binding sites on 
vascular smooth muscle and acts as a direct vasodilator, 
like a CCB. Magnesium increases prostaglandin E (PGE), 
regulates intracellular calcium, sodium, potassium and 
pH, increases nitric oxide, improves endothelial function, 
reduces oxLDL, reduces HS-CRP, TBxA2, A-Ⅱ, and nor-
epinephrine. Magnesium also improves insulin resistance, 
glucose and MS, binds in a necessary-cooperative manner 
with potassium, inducing EDV and BP reduction, reduces 
CVD and cardiac arrhythmias, decreases carotid IMT, 
lowers cholesterol, lowers cytokine production, inhibits 
nuclear factor Kb, reduces oxidative stress and inhibits 
platelet aggregation to reduce thrombosis[74,80-86].

Magnesium is an essential co-factor for the delta-
6-desaturase enzyme that is the rate-limiting step for 
conversion of  linoleic acid (LA) to gamma linolenic acid 
(GLA)[74,80,81,83-85] needed for synthesis of  the vasodilator 
and platelet inhibitor PGE1. Altered TRPM7 channels, 
which are the transporter for magnesium occur in many 
hypertensive patients[83].

A meta-analysis of  241378 patients with 6477 strokes 
showed an inverse relationship of  dietary magnesium to 
the incidence of  ischemic stroke[84]. For each 100 mg of  
dietary magnesium intake, ischemic stroke was decreased 
by 8%. The proposed mechanism include inhibition of  
ischemia induced glutamate release, NMDA receptor 
blockade, CCB actions, mitochondrial calcium buffering, 
decrease in ATP depletion and vasodilation of  the cere-
bral arteries[84]. A meta-analysis showed reductions in BP 
of  3-4/2-3 mmHg in 22 trials of  1173 patients[87].

Intracellular level of  magnesium (RBC) is more indic-
ative of  total body stores and should be measured in con-
junction with serum and urinary magnesium[83]. Magne-
sium may be supplemented in doses of  500 to 1000 mg/d. 
Magnesium formulations chelated to an amino acid may 
improve absorption and decrease the incidence of  diar-
rhea[82]. Adding taurine at 1000 to 2000 mg/d will enhance 
the anti-hypertensive effects of  magnesium[82]. Magnesium 
supplements should be avoided or used with caution in 
patients with known renal insufficiency or in those taking 
medications that induce magnesium retention[82].

Calcium
Population studies show a link between hypertension and 
calcium[88], but clinical trials that administered calcium 
supplements to patients have shown inconsistent effects 
on BP[88]. The heterogeneous responses to calcium sup-
plementation have been explained by Resnick[89]. This is 
the “ionic hypothesis”[89] of  hypertension, cardiovascular 
disease and associated metabolic, functional and struc-
tural disorders. Calcium supplementation is not recom-
mended at this time as an effective means to reduce BP.

Zinc
Low serum zinc levels in observational studies correlate 
with hypertension as well as CHD, type Ⅱ DM, hyperlip-
idemia, elevated lipoprotein a [Lp(a)], increased 2 h post-

prandial plasma insulin levels and insulin resistance[90,91]. 
Zinc is transported into cardiac and vascular muscle and 
other tissues by metallothionein[92]. Genetic deficiencies 
of  metallothionein with intramuscular zinc deficiencies 
may lead to increased oxidative stress, mitochondrial 
dysfunction, cardiomyocyte dysfunction and apoptosis 
with subsequent myocardial fibrosis, abnormal cardiac re-
modeling, heart disease, heart failure, or hypertension[92]. 
Intracellular calcium increases oxidative stress which is 
reduced by zinc[92].

Bergomi et al[93] evaluated Zinc (Zn++) status in 60 hy-
pertensive subjects compared to 60 normotensive control 
subjects. An inverse correlation of  BP and serum Zn++ 
was observed. The BP was also inversely correlated to a 
Zn++ dependent enzyme-lysyl oxidase activity. Zn++ in-
hibits gene expression and transcription through NF-κB 
and activated protein-1 and is an important cofactor for 
SOD[90,92]. These effects plus those on insulin resistance, 
membrane ion exchange, RAAS and SNS effects may ac-
count for Zn++ antihypertensive effects[90,92]. Zinc intake 
should be 50 mg/d[1].

Protein 
Observational and epidemiologic studies demonstrate 
a consistent association between a high protein intake 
and a reduction in BP and incident BP[94,95]. The protein 
source is an important factor in the BP effect; animal 
protein being less effective than non-animal or plant pro-
tein, especially almonds[94-97]. In the Inter-Salt Study of  
over 10000 subjects, those with a dietary protein intake 
30% above the mean had a lower BP by 3.0/2.5 mmHg 
compared to those that were 30% below the mean (81 
vs 44 g/d)[94]. However, lean or wild animal protein with 
less saturated fat and more essential omega-3 fatty acids 
may reduce BP, lipids and CHD risk[94,97]. A meta-analysis 
confirmed these findings and also suggested that hy-
pertensive patients and the elderly have the greatest BP 
reduction with protein intake[95]. Another meta-analysis 
of  40 trials with 3277 patients found reductions in BP of  
1.76/1.15 mmHg compared to carbohydrate intake (p < 
0.001)[98]. Both vegetable and animal protein significantly 
and equally reduced BP at 2.27/1.26 mmHg and 2.54/0.95 
mmHg respectively[98]. Increased dietary protein intake is 
inversely associated with risk for stroke in women with 
hypertension[99]. A randomized cross-over study in 352 
adults with pre-hypertension and stage Ⅰ hypertension 
found a significant reduction in SBP of  2.0 mmHg with 
soy protein and 2.3 mmHg with milk protein compared 
to a high glycemic index diet over each of  the 8 wk treat-
ment periods[100]. There was a non-significant reduction 
in DBP. Another RDB parallel study over 4 wk of  94 
subjects with prehypertension and stage Ⅰ hypertension 
found significant reductions on office BP of  4.9/2.7 
mmHg in those given a combination of  25% protein 
intake vs the control group given 15% protein in an isoca-
loric manner[101]. The protein consisted of  20% pea, 20% 
soy, 30% egg and 30% milk-protein isolate[101]. The daily 
recommended intake of  protein from all sources is 1.0 
to 1.5 g/kg body weight, varying with exercise level, age, 
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renal function and other factors[1,70,71].
Fermented milk supplemented with whey protein 

concentrate significantly reduces BP in human stud-
ies[102-106]. Administration of  20 g/d of  hydrolyzed whey 
protein supplement rich in bioactive peptides significantly 
reduced BP over 6 wk by 8.0 ± 3.2 mmHg in SBP and 5.5 
± 2.1 mm in diastolic BP[103]. Milk peptides which con-
tain both caseins and whey proteins are a rich source of  
ACEI peptides. Val-Pro-Pro and Ile-Pro-Pro given at 5 
to 60 mg/d have variable reductions in BP with an aver-
age decrease in pooled studies of  about 1.28-4.8/0.59-2.2 
mmHg[71,100,104-107]. However several recent meta-analysis 
did not show significant reductions in BP in humans[106,108]. 
Powdered fermented milk with Lactobacillus helveticus given 
at 12 g/d significantly lowered BP by 11.2/6.5 mmHg in 
4 wk in one study[104]. Milk peptides are beneficial in treat-
ing MS[109]. A dose response study showed insignificant 
reductions in BP[110]. The clinical response is attributed to 
fermented milk’s active peptides which inhibit ACE.

Pins et al[111] administered 20 g of  hydrolyzed whey 
protein to 56 hypertensive subjects and noted a BP reduc-
tion of  11/7 mmHg compared to controls at one week 
that was sustained throughout the study. Whey protein is 
effective in improving lipids, insulin resistance, glucose, 
arterial stiffness and BP[112]. These data indicate that the 
whey protein must be hydrolyzed in order to exhibit an 
antihypertensive effect, and the maximum BP response is 
dose dependent.

Bovine casein-derived peptides and whey protein-de-
rived peptides exhibit ACEI activity[102-111]. These compo-
nents include B-caseins, B-lg fractions, B2-microglobulin 
and serum albumin[102-104,111]. The enzymatic hydrolysis of  
whey protein isolates releases ACEI peptides.

Marine collagen peptides (MCPs) from deep sea fish 
have anti-hypertensive activity[113-115]. A double-blind pla-
cebo controlled trial in 100 hypertensive subjects with 
diabetes who received MCPs twice a day for 3 mo had 
significant reductions in DBP and mean arterial pres-
sure[113]. Bonito protein (Sarda Orientalis), from the tuna 
and mackerel family has natural ACEI inhibitory peptides 
and reduces BP 10.2/7 mmHg at 1.5 g/d[114,116].

Sardine muscle protein, which contains Valyl-Tyrosine 
(VAL-TYR), significantly lowers BP in hypertensive sub-
jects[117]. Kawasaki et al[117] treated 29 hypertensive subjects 
with 3 mg of  VAL-TYR sardine muscle concentrated 
extract for four wk and lowered BP 9.7/5.3 mmHg (p < 
0.05). Levels of  A-Ⅰ increased as serum A-Ⅱ and aldo-
sterone decreased indicating that VAL-TYR is a natural 
ACEI. A similar study with a vegetable drink with sardine 
protein hydrolysates significantly lowered BP by 8/5 
mmHg in 13 wk[118]. 

Soy protein lowers BP in hypertensive patients in 
most studies[100,119-127]. Soy protein intake was significantly 
and inversely associated with both SBP and DBP in 
45694 Chinese women consuming 25 g/d or more of  soy 
protein over 3 years and the association increased with 
age[119]. The SBP reduction was 1.9 to 4.9 mm lower and 
the DBP 0.9 to 2.2 mmHg lower[119]. However, random-
ized clinical trials and meta-analysis have shown mixed 

results on BP with no change in BP to reductions of  7% 
to 10 % for SBP and DBP[121-125]. The recent meta-anal-
ysis of  27 trials found a significant reduction in BP of  
2.21/1.44 mmHg[120]. Some studies suggest improvement 
in endothelial function, improved arterial compliance, 
reduction in HS-CRP and inflammation, ACEI activity, 
reduction in sympathetic tone, diuretic action and reduc-
tion in both oxidative stress and aldosterone levels[125-127]. 
Fermented soy at about 25 g/d is recommended.

In addition to ACEI effects, protein intake may also 
alter catecholamine responses and induce a natriuretic ef-
fect[117,118]. Low protein intake coupled with low omega 3 
fatty acid intake may contribute to hypertension in animal 
models[128]. The optimal protein intake, depending on 
level of  activity, renal function, stress and other factors, is 
about 1.0 to 1.5 g/kg per day[1].

Amino acids and related compounds
L-arginine: L-arginine and endogenous methylarginines 
are the primary precursors for the production of  NO, 
which has numerous beneficial cardiovascular effects, 
mediated through conversion of  L-arginine to NO by 
eNOS. Patients with hypertension, hyperlipidemia, dia-
betes mellitus and atherosclerosis have increased levels 
of  HSCRP and inflammation, increased microalbumin, 
low levels of  apelin (stimulates NO in the endothelium), 
increased levels of  arginase (breaks down arginine) 
and elevated serum levels of  ADMA, which inactivates 
NO[129-133].

Under normal physiological conditions, intracellular 
arginine levels far exceed the Km [Michaelis Menton 
constant(MMC)] of  eNOS which is less than 5 μmol[134]. 
However, endogenous NO formation is dependent on 
extracellular arginine concentration[134]. The intracellular 
concentrations of  L-arginine are 0.1-3.8 mmol/L in en-
dothelial cells while the plasma concentration of  arginine 
is 80-120 μmol/L which is about 20-25 times greater 
than the MMC[135,136]. Despite this, cellular NO formation 
depends on exogenous L-arginine and this is the arginine 
paradox. Renal arginine regulates BP and blocks the for-
mation of  endothelin, reduces renal sodium reabsorp-
tion and is a potent antioxidant[134]. The NO production 
in endothelial cells is closely coupled to cellular arginine 
uptake indicating that arginine transport mechanisms play 
a major role in the regulation of  NO-dependent func-
tion. Exogenous arginine can increase renal vascular and 
tubular NO bioavailability and influence renal perfusion, 
function and BP[132]. Molecular eNOS uncoupling may 
occur in the absence of  tetrahydrobiopterin which stabi-
lizes eNOS, which leads to production of  ROS[135].

Human studies in hypertensive and normotensive 
subjects of  parenteral and oral administrations of  L-argi-
nine demonstrate an antihypertensive effect as well as im-
provement in coronary artery blood flow and peripheral 
blood flow in PAD[129,136-140]. The BP decreased by 6.2/6.8 
mmHg on 10 g/d of  L-arginine when provided as a 
supplement or though natural foods to a group of  hyper-
tensive subjects[136]. Arginine produces a statistically and 
biologically significant decrease in BP and improved met-
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abolic effect in normotensive and hypertensive humans 
that is similar in magnitude to that seen in the DASH-
Ⅰ diet[136]. Arginine given at 4 g/d also significantly low-
ered BP in women with gestational hypertension without 
proteinuria, reduced the need for anti-hypertensive ther-
apy, decreased maternal and neonatal complications and 
prolonged the pregnancy[137,138]. The combination of  argi-
nine (1200 mg/d) and N-acetyl cysteine (NAC) (600 mg 
bid) administered over 6 mo to hypertensive patients with 
type 2 diabetes, lowered SBP and DBP (p < 0.05), in-
creased HDL-C, decreased LDL-C and oxLDL, reduced 
HSCRP, ICAM, VCAM, PAI-Ⅰ, fibrinogen and IMT[139]. 
A study of  54 hypertensive subjects given arginine 4 g 
three times per day for four weeks had significant reduc-
tions in 24 h ABM[140]. A meta-analysis of  11 trials with 
383 subjects administered arginine 4-24 g/d found aver-
age reduction in BP of  5.39/2.66 mmHg (p < 0.001) in 4 
wk[141]. Although these doses of  L-arginine appear to be 
safe, no long term studies in humans have been published 
at this time and there are concerns of  a pro-oxidative 
effect or even an increase in mortality in patients who 
may have severely dysfunctional endothelium, advanced 
atherosclerosis, CHD, ACS or MI[142]. In addition to the 
arginine-NO path, there exists an nitrate/nitrite pathway 
that is related to dietary nitrates from vegetables, beetroot 
juice and the DASH diet that are converted to nitrites by 
symbiotic, salivary, GI and oral bacteria[143]. Administra-
tion of  beetroot juice or extract at 500 mg/d will increase 
nitrites and lower BP, improve endothelial function, in-
crease cerebral, coronary and peripheral blood flow[143].

L-carnitine and acetyl -L-carnitine: L-carnitine is a 
nitrogenous constituent of  muscle primarily involved in 
the oxidation of  fatty acids in mammals. Animal studies 
indicate that carnitine has both systemic anti-hypertensive 
effects as well as anti-oxidant effects in the heart by up-
regulation of  eNOS and PPAR gamma, inhibition of  
RAAS, modulation of  NF-κB and down regulation of  
NOX2, NOX4, TGF-β and CTGF that reduces cardiac 
fibrosis[144,145]. Endothelial function, NO and oxidative 
defense are improved while oxidative stress and BP are 
reduced[144-147].

Human studies on the effects of  L-carnitine and 
acetyl-L-carnitine are limited, with minimal to no change 
in BP[148-153]. In patients with MS, acetyl-L-carnitine at one 
gram bid over 8 wk, improved dysglycemia and reduced 
SBP by 7-9 mmHg, but diastolic BP was significantly 
decreased only in those with higher glucose[151]. Low car-
nitine levels are associated with a nondipping BP pattern 
in Type 2 DM[153]. Carnitine has antioxidant and anti-
inflammatory effects and may be useful in the treatment 
of  essential hypertension, type Ⅱ DM with hypertension, 
hyperlipidemia, cardiac arrhythmias, CHF and cardiac 
ischemic syndromes[1,149,150,153]. Doses of  2-3 g twice per 
day are recommended.

Taurine: Taurine is a sulfonic beta-amino acid that is 
considered a conditionally-essential amino acid, which 
is not utilized in protein synthesis, but is found free or 

in simple peptides with its highest concentration in the 
brain, retina and myocardium[154]. In cardiomyocytes, it 
represents about 50% of  the free amino acids and has 
a role of  an osmoregulator, inotropic factor and anti-
hypertensive agent[155].

Human studies have noted that essential hypertensive 
subjects have reduced urinary taurine as well as other sul-
fur amino acids[1,154,155]. Taurine lowers BP, SVR and HR, 
decreases arrhythmias, CHF symptoms and SNS activity, 
increases urinary sodium and water excretion, increases 
atrial natriuretic factor, improves insulin resistance, in-
creases NO and improves endothelial function. Taurine 
also decreases A-Ⅱ, PRA, aldosterone, SNS activity, 
plasma norepinephrine, plasma and urinary epinephrine, 
lowers homocysteine, improves insulin sensitivity, kinins 
and acetyl choline responsiveness, decreases intracellular 
calcium and sodium, lowers response to beta receptors 
and has antioxidant, anti-atherosclerotic and anti-inflam-
matory activities, decreases IMT and arterial stiffness and 
may protect from risk of  CHD[1,154-160]. A lower urinary 
taurine is associated with increased risk of  hypertension 
and CVD[160,161]. A study of  31 Japanese males with essen-
tial hypertension placed on an exercise program for 10 
wk showed a 26% increase in taurine levels and a 287% 
increase in cysteine levels. The BP reduction of  14.8/6.6 
mmHg was proportional to increases in serum taurine 
and reductions in plasma norepinephrine[162]. Fujita et 
al[155] demonstrated a reduction in BP of  9/4.1 mmHg (p 
< 0.05) in 19 hypertension subjects given 6 g of  taurine 
for 7 d. Taurine has numerous beneficial effects on the 
cardiovascular system and BP[156]. The recommended 
dose of  taurine is 2 to 3 g/d at which no adverse effects 
are noted, but higher doses up to 6 g/d may be needed to 
reduce BP significantly[1,70,71,154-162].

Omega-3 fats
The omega-3 fatty acids found in cold water fish, fish 
oils, flax, flax seed, flax oil and nuts lower BP in obser-
vational, epidemiologic and in prospective clinical tri-
als[163-173]. The findings are strengthened by a dose-related 
response in hypertension as well as a relationship to the 
specific concomitant diseases associated with hyperten-
sion[163-173].

Studies indicate that DHA at 2 g/d reduces BP and 
heart rate[163,173]. The average reduction in BP is 8/5 
mmHg and heart rate falls about 6 beats/min usually in 
about 6 wk[1,70,71,91-175]. Fish oil at 4-9 g/d or combination 
of  DHA and EPA at 3-5 g/d will also reduce BP[1,168-173]. 
However, formation of  EPA and ultimately DHA from 
ALA is decreased in the presence of  high LA (the es-
sential omega-6 fatty acid), saturated fats, trans fatty 
acids, alcohol, several nutrient deficiencies (magnesium, 
vitamin B6) and aging, all of  which inhibit the desaturase 
enzymes[163]. Eating cold water fish three times per week 
may be as effective as high dose fish oil in reducing BP in 
hypertensive patients, and the protein in the fish may also 
have antihypertensive effects[1,163]. In patients with chronic 
kidney disease 4 g of  omega 3 fatty acids reduced BP 
measured with 24 h ABM over 8 wk by 3.3/2.9 mmHg 
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compared to placebo (p < 0.0001)[167].
The ideal ratio of  omega-6 FA to omega-3 FA is 

between 1:1 to 1:4 with a polyunsaturated to saturated 
fat ratio greater than 1.5 to 2:0[2]. Omega 3 fatty acids 
increase eNOS and nitric oxide, improve endothelial 
function, improve insulin sensitivity, reduce calcium in-
flux, suppress ACE activity and improve parasympathetic 
tone[1,163-171]. The omega-6 FA family includes LA, GLA, 
dihomo-GLA and AA which do not usually lower BP 
significantly, but may prevent increases in BP induced 
by saturated fats[176]. GLA may block stress-induced 
hypertension by increasing PGE1 and PGI2, reducing 
aldosterone levels, reducing adrenal AT1R density and af-
finity[175].

The omega-3 FA have a multitude of  other cardiovas-
cular consequences which modulates BP such as increases 
in eNOS and nitric oxide, improvement in ED, reduction 
in plasma nor-epinephrine and increase in paraSNS tone, 
suppression of  ACE activity and improvement in insulin 
resistance[176]. The recommended daily dose is 3000 to 
5000 mg/d of  combined DHA and EPA in a ratio of  3 
parts EPA to 2 parts DHA and about 50% of  this dose 
as GLA combined with gamma/delta tocopherol at 100 
mg per gram of  DHA and EPA to get the omega 3 index 
to 8% or higher to reduce BP and provide optimal car-
dioprotection[177]. DHA is more effective than EPA for 
reducing BP and should be given at 2 g/d if  administered 
alone[163,173].

Omega-9 fats
Olive oil is rich in the omega-9 monounsaturated fat 
(MUFA) oleic acid, which has been associated with BP and 
lipid reduction in Mediterranean and other diets[178-180]. Ol-
ive oil and MUFAs have shown consistent reductions in BP 
in most clinical studies in humans[178-190]. In one study, the 
SBP fell 8 mmHg (p ≤ 0.05) and the DBP fell 6 mmHg (p 
≤ 0.01) in both clinic and 24 h ambulatory BP monitor-
ing in the MUFA treated subjects compared to the PUFA 
treated subjects[178]. In addition, the need for antihyper-
tensive medications was reduced by 48% in the MUFA 
group vs 4% in the omega-6 PUFA group (p < 0.005). 
Extra virgin olive oil (EVOO) was more effective than 
sunflower oil in lowering SBP in a group of  31 elderly 
hypertensive patients in a double blind randomized cross-
over study[187]. The SBP was 136 mmHg in the EVOO 
treated subjects vs 150 mmHg in the sunflower treated 
group (p < 0.01). Olive oil also reduces BP in hyperten-
sive diabetic subjects[188]. It is the high oleic acid content 
in olive oil that reduces BP[180]. In stage Ⅰ hypertensive 
patients, oleuropein-olive leaf  (Olea Eurpoaea) extract 
500 mg bid for 8 wk reduced BP 11.5/4.8 mmHg which 
was similar to captopril 25 mg bid[189]. Olea Eupopea L 
aqueous extract administered to 12 patients with hyper-
tension at 400 mg qid for 3 mo significantly reduced BP 
(p < 0.001)[181]. Olive oil intake in the EPIC study of  
20343 subjects was inversely associated with both systolic 
and diastolic BP[182]. In the SUN study of  6863 subjects, 
BP was inversely associated with olive oil consump-
tion, but only in men[183]. In a study of  40 hypertensive 

monozygotic twins, olive leaf  extract demonstrated a 
dose response reduction in BP at doses of  500 to 1000 
mg/d in 8 wk compared to placebo[184]. The low dose 
groups decreased BP 3/1 mmHg and the high dose 11/4 
mmHg[184]. A double blind, randomized, crossover dietary 
intervention study over 4 mo using polyphenol rich olive 
oil 30 mg/d decreased BP in the study group by 7.91/6.65 
mmHg and improved endothelial function[185]. The 
ADMA levels, oxLDL and HS-CRP were reduced in the 
olive oil group. Plasma nitrites and nitrates increased and 
hyperemic area after ischemia improved in the treated 
group. Olive oil inhibits the AT1R receptor, exerts L-type 
calcium channel antagonist effects and improves wave 
reflections and augmentation index[191-193].

EVOO is also contains lipid-soluble phytonutrients 
such as polyphenols. Approximately 5 mg of  phenols are 
found in 10 g of  EVOO[178,186]. About 4 tablespoons of  
EVOO is equal to 40 g of  EVOO which is the amount 
required to get significant reductions in BP.

Fiber
The clinical trials with various types of  fiber to reduce 
BP have been inconsistent[194,195]. Soluble fiber, guar gum, 
guava, psyllium and oat bran may reduce BP and reduce 
the need for antihypertensive medications in hyperten-
sive subjects, diabetic subjects and hypertensive-diabetic 
subjects[1,70,71,194,195]. The average reduction in BP is about 
7.5/5.5 mmHg on 40 to 50 g/d of  a mixed fiber. There 
is improvement in insulin sensitivity, endothelial function, 
reduction in SNS activity and increase in renal sodium 
loss[1,70,71,194].

Vitamin C
Vitamin C is a potent water-soluble electron-donor. At 
physiologic levels it is an antioxidant although at supra-
physiologic doses such as those achieved with intrave-
nous vitamin C it donates electrons to different enzymes 
which results in pro-oxidative effects. At physiologic 
doses vitamin C recycles vitamin E, improves ED and 
produces a diuresis[196]. Dietary intake of  vitamin C and 
plasma ascorbate concentration in humans is inversely 
correlated to SBP, DBP and heart rate[196-210].

An evaluation of  published clinical trials indicate that 
vitamin C dosing at 250 mg twice daily will significantly 
lower SBP 5-7 mmHg and diastolic BP 2-4 mmHg over 8 
wk[196-210]. Vitamin C will induce a sodium water diuresis, 
improve arterial compliance, improve endothelial func-
tion, increase nitric oxide and PGI2, decrease adrenal 
steroid production, improve sympathovagal balance, in-
crease RBC Na/K ATPase, increase SOD, improve aortic 
elasticity and compliance, improve flow mediated vaso-
dilation, decrease pulse wave velocity and augmentation 
index, increase cyclic GMP, activate potassium channels, 
reduce cytosolic calcium and reduce serum aldehydes[208]. 
Vitamin C prevents ED induced by an oral glucose load. 
Vitamin C enhances the efficacy of  amlodipine, decreases 
the binding affinity of  the AT 1 receptor for angiotensin 
Ⅱ by disrupting the ATR1 disulfide bridges and enhances 
the anti-hypertensive effects of  medications in the elderly 
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with refractory hypertension[1,70,71,200-205]. In elderly patients 
with refractory hypertension already on maximum phar-
macologic therapy, 600 mg of  vitamin C daily lowered 
the BP by 20/16 mmHg[205]. The lower the initial ascor-
bate serum level, the better is the BP response. A serum 
level of  100 μmol/L is recommended[1,70,71]. The SBP 
and 24 ABM show the most significant reductions with 
chronic oral administration of  Vitamin C[200-205]. Block et 
al[206] in an elegant depletion-repletion study of  vitamin C 
demonstrated an inverse correlation of  plasma ascorbate 
levels, SBP and DBP. In a meta-analysis of  thirteen clini-
cal trials with 284 patients, vitamin C at 500 mg/d over 
6 wk reduced SBP 3.9 mmHg and DBP 2.1 mmHg[207]. 
Hypertensive subjects were found to have significantly 
lower plasma ascorbate levels compared to normotensive 
subjects (40 μmol/L vs 57 μmol/L respectively)[211], and 
plasma ascorbate is inversely correlated with BP even in 
healthy, normotensive individuals[206].

Vitamin E
Most studies have not shown reductions in BP with most 
forms of  tocopherols or tocotrienols[1,70,71]. Patients with 
T2DM and controlled hypertension (130/76 mmHg) on 
prescription medications with an average BP of  136/76 
mmHg were administered mixed tocopherols contain-
ing 60% gamma, 25% delta and 15% alpha tocopher-
ols[212]. The BP actually increased by 6.8/3.6 mmHg in 
the study patients (p < 0.0001) but was less compared to 
the increase with alpha tocopherol of  7/5.3 mmHg (p 
< 0.0001). This may be a reflection of  drug interactions 
with tocopherols via cytochrome P 450 (3A4 and 4F2) 
and reduction in the serum levels of  the pharmacologic 
treatments that were simultaneously being given[212]. 
Gamma tocopherol may have natriuretic effects by inhi-
bition of  the 70pS potassium channel in the thick ascend-
ing limb of  the loop of  Henle and lower BP[213]. Both 
alpha and gamma tocopherol improve insulin sensitivity 
and enhance adiponectin expression via PPAR gamma 
dependent processes, which have the potential to lower 
BP and serum glucose[214]. If  vitamin E has an antihy-
pertensive effect, it is probably small and may be limited 
to untreated hypertensive patients or those with known 
vascular disease or other concomitant problems such as 
diabetes or hyperlipidemia.

Vitamin D
Vitamin D3 may have an independent and direct role in 
the regulation of  BP and insulin metabolism[215-225]. Vita-
min D influences BP by its effects on calcium-phosphate 
metabolism, RAA system, immune system, control of  
endocrine glands and ED[216]. If  the Vitamin D level is 
below 30 ng/mL the circulating PRA levels are higher 
which increases angiotensin Ⅱ, increases BP and blunts 
plasma renal blood flow[221]. The lower the level of  Vita-
min D, the greater the risk of  hypertension, with the low-
est quartile of  serum Vitamin D having a 52% incidence 
of  hypertension and the highest quartile having a 20% 
incidence[221]. Vitamin D3 markedly suppresses renin tran-
scription by a VDR-mediated mechanism via the JGA ap-

paratus. Its role in electrolytes, volume and BP homeosta-
sis indicates that Vitamin D3 is important in amelioration 
of  hypertension. Vitamin D lower ADMA, suppresses 
pro-inflammatory cytokines such as TNF-α, increases 
nitric oxide, improves endothelial function and arterial 
elasticity, decreases vascular smooth muscle hypertrophy, 
regulates electrolytes and blood volume, increases insulin 
sensitivity, reduces free fatty acid concentration, regulates 
the expression of  the natriuretic peptide receptor and 
lowers HS-CRP[217-219,221].

The hypotensive effect of  vitamin D was inversely 
related to the pretreatment serum levels of  1,25(OH)2D3 
and additive to antihypertensive medications. Pfeifer et 
al[225] showed that short-term supplementation with vi-
tamin D3 and calcium is more effective in reducing SBP 
than calcium alone. In a group of  148 women with low 
25(OH)2D3 levels, the administration of  1200 mg calcium 
plus 800 IU of  vitamin D3 reduced SBP 9.3% more (p 
< 0.02) compared to 1200 mg of  calcium alone. The 
HR fell 5.4% (p = 0.02), but DBP was not changed. The 
range in BP reduction was 3.6/3.1 to 13.1/7.2 mmHg. 
The reduction in BP is related to the pretreatment level 
of  vitamin D3, the dose of  vitamin D3 and serum level 
of  vitamin D3, but BP is reduced only in hypertensive 
patients. Although vitamin D deficiency is associated 
with hypertension in observational studies, randomized 
clinical trials and their meta-analysis have yielded incon-
clusive results[223]. In addition, vitamin D receptor gene 
polymorphisms may effect the risk of  hypertension in 
men[224]. A 25 hydroxyvitamin D level of  60 ng/mL is 
recommended.

Vitamin B6 (pyridoxine)
Low serum vitamin B6 (pyridoxine) levels are associ-
ated with hypertension in humans[226]. One human study 
by Aybak et al[227] proved that high dose vitamin B6 at 
5 mg/kg per day for 4 wk significantly lowered BP by 
14/10 mmHg. Pyridoxine (vitamin B6) is a cofactor in 
neurotransmitter and hormone synthesis in the central 
nervous system(norepinephrine, epinephrine, serotonin, 
GABA and kynurenine), increases cysteine synthesis to 
neutralize aldehydes, enhances the production of  gluta-
thione, blocks calcium channels, improves insulin resis-
tance, decreases central sympathetic tone and reduces end 
organ responsiveness to glucocorticoids and mineralo-
corticoids[1,70,71,228,229]. Vitamin B6 is reduced with chronic 
diuretic therapy and heme pyrollactams. Vitamin B6 thus 
has similar action to central alpha agonists, diuretics and 
CCB’s. The recommended dose is 200 mg/d orally.

Flavonoids
Over 4000 naturally occurring flavonoids have been iden-
tified in such diverse substances as fruits, vegetables, red 
wine, tea, soy and licorice[230]. Flavonoids (flavonols, fla-
vones and isoflavones) are potent free radical scavengers 
that inhibit lipid peroxidation, prevent atherosclerosis, 
promote vascular relaxation and have antihypertensive 
properties[230]. In addition, they reduce stroke and provide 
cardioprotective effects that reduce CHD morbidity and 
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mortality[231].
Resveratrol is a potent antioxidant and antihyperten-

sive found in the skin of  red grapes and in red wine. Res-
veratrol administration to humans reduces augmentation 
index, improves arterial compliance and lowers central 
arterial pressure when administered as 250 mL of  either 
regular or dealcoholized red wine[232]. There was a signifi-
cant reduction in the aortic augmentation index of  6.1% 
with the dealcoholized red wine and 10.5% with regular 
red wine. The central arterial pressure was significantly 
reduced by dealcoholized red wine at 7.4 mmHg and 5.4 
mmHg by regular red wine. Resveratrol increases flow 
mediated vasodilation in a dose related manner, improves 
ED, prevents uncoupling of  eNOS, increases adiponec-
tin, lowers HS-CRP and blocks the effects of  angiotensin 
Ⅱ[233-236]. The recommended dose is 250 mg/d of  trans 
resveratrol[234].

Lycopene
Lycopene is a fat-soluble phytonutrient in the carot-
enoid family. Dietary sources include tomatoes, guava, 
pink grapefruit, watermelon, apricots and papaya in 
high concentrations[237-241]. Lycopene produces a signifi-
cant reduction in BP, serum lipids and oxidative stress 
markers[237-241]. Paran et al[241] evaluated 30 subjects with 
Grade Ⅰ hypertension, age 40-65, taking no antihyper-
tensive or anti-lipid medications treated with a tomato 
lycopene extract (10 mg lycopene) for eight weeks. The 
SBP was reduced from 144 to 135 mmHg (9 mmHg 
reduction, p < 0.01) and DBP fell from 91 to 84 mmHg 
(7 mmHg reduction, p < 0.01). Another study of  35 sub-
jects with Grade Ⅰ hypertension showed similar results on 
SBP, but not DBP[237]. Englehard gave a tomato extract 
to 31 hypertensive subjects over 12 wk demonstrating a 
significant BP reduction of  10/4 mmHg[238]. Patients on 
various anti-hypertensive agents including ACEI, CCB 
and diuretics had a significant BP reduction of  5.4/3 
mmHg over 6 wk when administered a standardized to-
mato extract[239]. Other studies have not shown changes 
in BP with lycopene[240]. Lycopene and tomato extract 
improve ED and reduce plasma total oxidative stress[242]. 
The recommended daily intake of  lycopene is 10-20 mg 
in food or supplement form.

Pycnogenol
Pycnogenol, a bark extract from the French maritime 
pine, at doses of  200 mg/d resulted in a significant re-
duction in SBP from 139.9 mmHg to 132.7 mmHg (p < 
0.05) in eleven patients with mild hypertension over eight 
weeks in a double-blind randomized placebo crossover 
trial. Diastolic BP fell from 93.8 mmHg to 92.0 mmHg. 
Pycnogenol acts as a natural ACEI, protects cell mem-
branes from oxidative stress, increases NO and improves 
endothelial function, reduces serum thromboxane con-
centrations, decreases myelo-peroxidase activity, improves 
renal cortical blood flow, reduces urinary albumin excre-
tion and decreases HS-CRP[243-247]. Other studies have 
shown reductions in BP and a decreased need for ACEI 

and CCB, reductions in endothelin-1, HgA1C, fasting 
glucose, LDL-C and myeloperoxidase[244,245,247].

Garlic
Clinical trials utilizing the correct dose, type of  garlic 
and well absorbed long acting preparations have shown 
consistent reductions in BP in hypertensive patients with 
an average reduction in BP of  8.4/7.3 mmHg[248,249]. Not 
all garlic preparations are processed similarly and are 
not comparable in antihypertensive potency[1]. In addi-
tion, cultivated garlic (allium sativum), wild uncultivated 
garlic or bear garlic (allium urisinum) as well as the effects 
of  aged, fresh and long acting garlic preparations dif-
fer[1,70,71,248,249]. Garlic is also effective in reducing BP in pa-
tients with uncontrolled hypertension already on anti-hy-
pertensive medication[249,250]. A garlic homogenate-based 
supplement was administered to 34 prehypertensive and 
stage Ⅰ hypertensive patients at 300 mg/d over 12 wk 
with a reduction in BP of  6.6-7.5/4.6-5.2 mmHg[249]. 
Aged garlic at doses of  240 to 960 mg/d given to 79 hy-
pertensive subjects over 12 wk significantly lowered SBP 
11.8 ± 5.4 mmHg in the high dose garlic group[249]. A 
time released garlic may reduce BP better than the short-
er acting garlic[249]. A Cochrane Database review indicated 
a net reduction in BP of  10-12/6-9 mmHg in all clinical 
trials with garlic[249]. In a double-blind parallel randomized 
placebo-controlled trial of  50 patients, 900 mg of  aged 
garlic extract with 2.4 mg of  S-allylcysteine was adminis-
tered daily for 12 wk and reduced SBP 10.2 mmHg (p = 
0.03) more than the control group[250].

Approximately 10000 mcg of  allicin (one of  the ac-
tive ingredients in garlic) per day, the amount contained 
in four cloves of  garlic (5 g) is required to achieve a sig-
nificant BP lowering effect[1,70,71,249,250]. Garlic has ACEI 
activity, calcium channel blocking activity, reduces cat-
echolamine sensitivity, improves arterial compliance, in-
creases bradykinin and nitric oxide and contains adenos-
ine, magnesium, flavonoids, sulfur, allicin, phosphorous 
and ajoenes that reduce BP[1,70,71].

Seaweed
Wakame seaweed (Undaria pinnatifida) is the most popular, 
edible seaweed in Japan[251]. In humans, 3.3 g of  dried 
Wakame for four wk significantly reduced both the SBP 
14 ± 3 mmHg and the DBP 5 ± 2 mmHg (p < 0.01)[252]. 
In a study of  62 middle-aged, male subjects with mild 
hypertension given a potassium-loaded, ion-exchanging, 
sodium-adsorbing, potassium-releasing seaweed prepara-
tion, significant BP reductions occurred at four weeks on 
12 and 24 g/d of  the seaweed preparation (p < 0.01)[253]. 
The MAP fell 11.2 mmHg (p < 0.001) in the sodium-sen-
sitive subjects and 5.7 mmHg (p < 0.05) in the sodium-
insensitive subjects, which correlated with PRA.

Seaweed and sea vegetables contain most all of  the 
seawater’s 77I minerals and rare earth elements, fiber and 
alginate in a colloidal form[251-253]. The primary effect of  
Wakame appears to be through its ACEI activity from at 
least four parent tetrapeptides and possibly their dipeptide 
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and tripeptide metabolites, especially those containing the 
amino acid sequence Val-Tyr, Ile-Tyr, Phe-Tyr and Ile-Try 
in some combination[251,254,255]. Its long-term use in Japan 
has demonstrated its safety. Other varieties of  seaweed 
may reduce BP by reducing intestinal sodium absorption 
and increasing intestinal potassium absorption[253].

Sesame
Sesame has been shown to reduce BP in a several small 
randomized, placebo controlled human studies over 
30-60 d[256-264]. Sesame lowers BP alone[257-261] or in com-
bination with nifedipine[256,260] diuretics and beta block-
ers[257,261]. In a group of  13 mild hypertensive subjects, 60 
mg of  sesamin for 4 wk lowered SBP 3.5 mmHg (p < 
0.044) and DBP 1.9 mmHg (p < 0.045)[258]. Black sesame 
meal at 2.52 g/d over 4 wk in 15 subjects reduced SBP 
by 8.3 mmHg (p < 0.05) but there was a non-significant 
reduction in DBP of  4.2 mmHg[259]. Sesame oil at 35 
g/d significantly lowered central BP within 1 h and also 
maintained BP reduction chronically in 30 hypertensive 
subjects, reduced heart rate, reduced arterial stiffness, 
decreased augmentation index and pulse wave velocity, 
decreased HSCRP, improved NO, decreased endothelin-
Ⅰ and improved antioxidant capacity[264]. In addition 
sesame lowers serum glucose, HgbAIC and LDL-C, 
increases HDL, reduces oxidative stress markers and in-
creases glutathione, SOD, GPx, CAT, vitamins C, E and 
A[256,257,258-261]. The active ingredients are natural ACEI’s 
such as sesamin, sesamolin, sesaminol glucosides, furou-
furan lignans which also suppressors of  NF-κB[262,263]. All 
of  these effects lower inflammation and oxidative stress, 
improve oxidative defense and reduce BP[262,263].

Beverages: Tea, coffee, and cocoa
Green tea, black tea and extracts of  active components in 
both have demonstrated reduction in BP in humans[265-271]. 
In a double blind placebo controlled trial of  379 hyper-
tensive subjects given green tea extract 370 mg/d for 
3 mo, BP was reduced significantly at 4/4 mmHg with 
simultaneous decrease in HS CRP, TNF-α, glucose and 
insulin levels[268].

Dark chocolate (100 g) and cocoa with a high con-
tent of  polyphenols (30 mg or more) have been shown 
to significantly reduce BP in humans[272-283]. A meta-
analysis of  173 hypertensive subjects given cocoa for 
a mean duration of  2 wk had a significant reduction in 
BP 4.7/2.8 mmHg (p = 0.002 for SBP and 0.006 for 
DBP)[276]. Fifteen subjects given 100 g of  dark chocolate 
with 500 mg of  poly-phenols for 15 d had a 6.4 mmHg 
reduction in SBP (p < 0.05) with a non significant change 
in DBP[273]. Cocoa at 30 mg of  poly-phenols reduced BP 
in pre-hypertensive and stage Ⅰ hypertensive patients by 
2.9/1.9 mmHg at 18 wk (p < 0.001)[274]. Two more recent 
meta-analysis of  13 trials and 10 trials with 297 patients 
found a significant reduction in BP of  3.2/2.0 mmHg 
and 4.5/3.2 mmHg respectively[276,279]. The BP reduction 
is the greatest in those with the highest baseline BP and 
those with at least 50%-70% cocoa at doses of  6 to 100 
g/d[280,282]. Cocoa may also improve insulin resistance and 

endothelial function[276,279,281].
Polyphenols, chlorogenic acids (CGAs), the ferulic 

acid metabolite of  CGAs and di-hydro-caffeic acids de-
crease BP in a dose dependent manner, increase eNOS 
and improve endothelial function in humans[284-286]. CGAs 
in green coffee been extract at doses of  140 mg/d signifi-
cantly reduced SBP and DBP in 28 subjects in a placebo- 
controlled randomized clinical trial. A study of  122 male 
subjects demonstrated a dose response in SBP and DBP 
with doses of  CGA from 46 mg/d to 185 mg/d. The 
group that received the 185 mg dose had a significant 
reduction in BP of  5.6/3.9 mmHg (p < 0.01) over 28 d. 
Hydroxyhydroquinone is another component of  coffee 
beans which reduces the efficacy of  CGAs in a dose-
dependent manner which partially explains the conflict-
ing results of  coffee ingestion on BP[284,286]. Furthermore, 
there is genetic variation in the enzyme responsible for 
the metabolism of  caffeine modifies the association 
between coffee intake, amount of  coffee ingested and 
the risk of  hypertension, heart rate, MI, arterial stiff-
ness, arterial wave reflections and urinary catecholamine 
levels[287]. Fifty-nine percent of  the population has the Ⅰ
F/ⅠA allele of  the CYP1A2 genotype which confers 
slow metabolism of  caffeine. Heavy coffee drinkers who 
are slow metabolizers had a 3.00 HR for developing hy-
pertension. In contrast, fast metabolizers with the ⅠA/Ⅰ
A allele have a 0.36 HR for incident hypertension[288].

Additional compounds
Melatonin demonstrates significant anti-hypertensive ef-
fects in humans in a numerous double-blind randomized 
placebo controlled clinical trials at 3-5 mg/d[289-299]. The 
average reduction in BP is 6/3 mmHg. Melatonin stimu-
lates GABA receptors in the CNS and vascular melatonin 
receptors, inhibits plasma A Ⅱ levels, improves endothe-
lial function, increases NO, vasodilates, improves noc-
turnal dipping, lowers cortisol and is additive with ARBs. 
Beta blockers reduce melatonin secretion[300].

Hesperidin significantly lowered DBP 3-4 mmHg (p 
< 0.02) and improved microvascular endothelial reactivity 
in 24 obese hypertensive male subjects in a randomized, 
controlled crossover study over 4 wk for each of  three 
treatment groups consuming 500 mL of  orange juice, 
hesperidin or placebo[301].

Pomegranate juice is rich in tannins and has numerous 
other properties that improve vascular health and reduces 
the SBP by 5%-12%[302,303]. A study of  51 healthy subjects 
given 330 mg/d of  pomegranate juice had reduction in 
BP of  3.14/2.33 mmHg (p < 0.001)[303]. Pomegranate 
juice also suppresses the postprandial increase in SBP 
following a high-fat meal[303]. Pomegranate juice reduces 
serum ACE activity by 36%, and has anti-atherogenic, 
antioxidant and anti-inflammatory effects[302,303]. Pome-
granate juice at 50 mL/d reduced carotid IMT by 30% 
over one year, increased PON 83%, decreased oxLDL 
by 59%-90%, decreased antibodies to oxLDL by 19%, 
increased total antioxidant status by 130 %, reduced 
TGF-β, increased catalase, SOD and GPx, increased 
eNOS and NO and improved endothelial function[304,305]. 
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Pomegranate juice works like an ACEI.
Grape seed extract (GSE) was administered to sub-

jects in nine randomized trials, meta-analysis of  390 
subjects and demonstrated a significant reduction in SBP 
of  1.54 mmHg (p < 0.02)[304,305]. Significant reduction 
in BP of  11/8 mmHg (p < 0.05) were seen in another 
dose response study with 150 to 300 mg/d of  GSE over 
4 wk[306]. GSE has high phenolic content which activates 
the PI3K/Akt signaling pathway that phosphorylates 
eNOS and increases NO[306,307].

Coenzyme Q10 (Ubiquinone)
Coenzyme Q10 has consistent and significant antihy-
pertensive effects in patients with essential hyperten-
sion[1,308-317]. The literature is summarized below: (1) Com-
pared to normotensive patients, essential hypertensive 
patients have a higher incidence (6 fold) of  coenzyme 
Q10 deficiency documented by serum levels[1]; (2) Doses 
of  120 to 225 mg/d of  coenzyme Q10, depending on 
the delivery method or the concomitant ingestion with a 
fatty meal, are necessary to achieve a therapeutic level of  
3 ug/mL[1,313,314]. This dose is usually 3-5 mg/kg per day 
of  coenzyme Q10. Oral dosing levels may become lower 
with nanoparticle and emulsion delivery systems intended 
to facilitate absorption[315]. Adverse effects have not been 
characterized in the literature; (3) Patients with the lowest 
coenzyme Q10 serum levels may have the best antihy-
pertensive response to supplementation; (4) The average 
reduction in BP is about 15/10 mmHg and heart rate 
falls 5 beats/min based on reported studies and meta-
analysis; (5) The antihypertensive effect takes time to 
reach its peak level at 4 wk. Then the BP remains stable 
during long term treatment. The antihypertensive effect 
is gone within two weeks after discontinuation of  coen-
zyme Q10. The reduction in BP and SVR are correlated 
with the pretreatment and post treatment serum levels of  
coenzyme Q10. About 50% of  patients respond to oral 
coenzyme Q10 supplementation for BP[309]; (6) Approxi-
mately 50% of  patients on antihypertensive drugs may 
be able to stop between one and three agents. Both total 
dose and frequency of  administration may be reduced. 
(7) Patients administered coenzyme Q10 with enalapril 
improved the 24 h ABM better than with enalapril mono-
therapy and also normalized endothelial function[310]; 
and (8) Coenzyme Q10 is a lipid phase antioxidant and 
free radical scavenger, increases eNOS and NO, reduces 
inflammation and NF-κB and improves endothelial func-
tion and vascular elasticity[1,311,312].

Other favorable effects on cardiovascular risk fac-
tors include improvement in the serum lipid profile and 
carbohydrate metabolism with reduced glucose and 
improved insulin sensitivity, reduced oxidative stress, re-
duced heart rate, improved myocardial LV function and 
oxygen delivery and decreased catecholamine levels[1,311,312].

Alpha lipoic acid
Alpha lipoic acid (ALA) is known as thioctic acid in Eu-
rope where it is a prescription medication. It is a sulfur-
containing compound with antioxidant activity both in 

water and lipid phases[1,70,71]. Its use is well-established 
in the treatment of  certain forms of  liver disease and in 
the delay of  onset of  peripheral neuropathy in patients 
with diabetes. Recent research has evaluated its potential 
role in the treatment of  hypertension, especially as part 
of  the MS[318-321]. In a double-blind cross over study of  
36 patients over 8 wk with CHD and hypertension, 200 
mg of  lipoic acid with 500 mg of  acetyl-L-carnitine sig-
nificantly reduced BP 7/3 mmHg and increased brachial 
artery diameter[320]. The QUALITY study of  40 patients 
with DM and stage Ⅰ hypertension showed significant 
improvements in BP, urinary albumin excretion, FMD 
and insulin sensitivity over 8 wk with a combination of  
Quinapril (40 mg/d) and lipoic acid (600 mg/d) that was 
greater than either alone[320]. Lipoic acid increases levels 
of  glutathione, cysteine, vitamin C and vitamin E, inhibits 
NF-κB, reduces endothelin-1, tissue factor and VCAM-1, 
increases cAMP, downregulates CD4 immune expression 
on mononuclear cells, reduces oxidative stress, inflamma-
tion, reduces atherosclerosis in animal models, decreases 
serum aldehydes and closes calcium channels which im-
proves vasodilation, increases NO and nitrosothiols, im-
proves endothelial function and lowers BP[1,318-321]. Lipoic 
acid normalizes membrane calcium channels by providing 
sulfhydryl groups, decreasing cytosolic free calcium and 
lowers SVR. In addition, lipoic acid improves insulin sen-
sitivity which lowers glucose and advanced glycosylation 
end products which improves BP control and lowers se-
rum triglycerides. Morcos et al[321], showed stabilization of  
urinary albumin excretion in DM subjects given 600 mg 
of  ALA compared to placebo for 18 mo (p < 0.05).

The recommended dose is 100 to 200 mg/d of  R-li-
poic acid with biotin 2-4 mg/d to prevent biotin deple-
tion with long term use of  lipoic acid. R-lipoic acid is 
preferred to the L isomer because of  its preferred use by 
the mitochondria[1,32,71].

NAC: NAC and L arginine (ARG) in combination reduce 
endothelial activation and BP in hypertensive patients with 
type 2 DM[141]. Over 6 mo 24 subjects given placebo or 
NAC with ARG, significantly reduced both systolic and 
diastolic BP (p = 0.05)[141]. In addition, ox LDL, HSCRP, 
ICAM, VCAM, fibrinogen and PAI-1 were decreased 
while HDL, NO and endothelial postischemic vasodila-
tion increased[141]. NAC increases NO via IL-1b and in-
creases iNOS MRNA, increases glutathione by increasing 
cysteine levels, reduces the affinity for the AT1 receptor 
by disrupting disulfide groups, blocks the L type calcium 
channel, lowers homocysteine, and improves IMT[141,322-324]. 
The recommended dose is 500 to 1000 mg bid.

Hawthorne extract has been used for centuries for the 
treatment of  hypertension, CHF and other cardiovascu-
lar diseases[325-329]. A recent four-period crossover design, 
dose response study in 21 subjects with prehypertension 
or mild hypertension over 3½ d, did not show changes 
in FMD or BP on standardized extract with 50 mg of  
oligomeric procyanidin per 250 mg extract with 1000 mg, 
1500 or 2500 mg of  the extract[325]. Hawthorne showed 
non inferiority of  ACEI and diuretics in the treatment of  
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  Intervention category Therapeutic intervention Daily intake

  Diet characteristics DASH Ⅰ, DASH Ⅱ-Na+ or premier diet Diet type
Sodium restriction 1500 mg

Potassium 5000 mg
Potassium/sodium ratio > 3:1

Magnesium 1000 mg
Zinc                                               50 mg

  Macronutrients Protein total intake from non-animal sources, 
organic lean or wild animal protein, or coldwater fish

30% of total calories, which 1.5-1.8 g/kg body weight

Whey protein 30 g
Soy protein (fermented sources are preferred) 30 g

Sardine muscle concentrate extract                                                 3 g
Milk peptides 30-60 mg

Fat 30% of total calories
Omega-3 fatty acids                                             2-3 g
Omega-6 fatty acids                                                 1 g
Omega-9 fatty acids 2-4 tablespoons of olive or 

nut oil or 10-20 olives
Saturated fatty acids from wild game, bison, or other lean meat < 10% total calories

Polyunsaturated to saturated fat ratio < 2.0
Omega 3 to omega 6 ratio 1.1-1.2
Synthetic trans fatty acids None (completely remove from diet)

Nuts in variety Ad libidum
Carbohydrates as primarily complex carbohydrates and fiber 40% of total calories

Oatmeal or 60 g
Oatbran or 40 g

Beta-glucan or                                                 3 g
Psyllium                                                 7 g

  Specific foods Garlic as fresh cloves or aged kyolic garlic 4 fresh cloves (4 g) or 600 mg 
aged garlic taken twice daily

Sea vegetables, specifically dried wakame 3.0-3.5 g
Lycopene as tomato products, guava, watermelon, 
apricots, pink grapefruit, papaya or supplements

10-20 mg

Dark chocolate 100 g
Pomegranate juice or seeds 8 ounces or one cup

Sesame 60 mg sesamin or 2.5 g sesame meal
  Exercise Aerobic 20 min daily at 4200 kJ/wk

Resistance 40 min/d
  Weight reduction Body mass index < 25 Lose 1-2 pounds per week and 

increasing the proportion of lean muscleWaist circumference:
   < 35 inches for women

   < 40 inches for men
Total body fat:

   < 22% for women
   < 16% for men

  Other lifestyle 
  recommendations

Alcohol restriction: 
Among the choice of alcohol red wine is 

preferred due to its vasoactive phytonutrients

< 20 g/d 
Wine < 10 ounces 
Beer < 24 ounces 

Liquor < 2 ounces
Caffeine restriction or elimination depending on CYP 450 type < 100 mg/d

Tobacco and smoking Stop
  Medical considerations Medications which may increase blood pressure. Minimize use when possible, such as by using 

disease-specific nutritional interventions
  Supplemental foods 
  and nutrients

Alpha lipoic acid with biotin 100-200 mg twice daily
Amino acids: 

Arginine 5 g twice daily
Carnitine 1 to 2 g twice daily
Taurine 1 to 3 g twice daily

Chlorogenic acids 150-200 mg
Coenzyme Q10 100mg once to twice daily

Grape seed extract 300 mg
Hawthorne extract 500 mg twice a day

Melatonin 2.5 mg
N-acetyl cysteine 500 mg twice a day

Olive leaf extract (oleuropein) 500 mg twice a day
Pycnogenol 200 mg
Quercetin 500 mg twice a day

Table 4  Integrative approach to the treatment of hypertension
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102 patients with NYHC Ⅱ CHF over 8 wk[327]. Patients 
with hypertension and type 2 DM on medications for BP 
and DM were randomized to 1200 mg of  hawthorne ex-
tract for 16 wk showed significant reductions in DBP of  
2.6 mmHg (p = 0.035)[328]. Thirty six mildly hypertensive 
patients were administered 500 mg of  hawthorne extract 
for 10 wk and showed a non significant trend in DBP re-
duction (p = 0.081) compared to placebo[329]. Hawthorne 
acts like an ACEI, BB, CCB and diuretic. More studies are 
needed to determine the efficacy, long term effects and 
dose of  hawthorne for the treatment of  hypertension.

Quercetin is an antioxidant flavonol found in apples, 
berries and onions that reduces BP in hypertensive 
individuals[330,331] but the hypotensive effects do not ap-
pear to be mediated by changes in HSCRP, TNF-α, 
ACE activity, ET-1, NO, vascular reactivity or FMD[330]. 
Quercetin is metabolized by CYP 3A4. Quercetin was 
administered to 12 hypertensive men at an oral dose of  
1095 mg with reduction in mean BP by 5 mmHg, SBP 
by 7 mmHg and DBP by 3 mmHg[330]. The maximal 
plasma level at 10 h was 2.3 ± 1.8 μmol/L, with return 
to baseline levels at 17 h. Forty one pre-hypertensive and 
stage Ⅰ hypertensive subjects were enrolled in a random-
ized, double-blind, placebo-controlled, crossover study 
with 730 mg of  quercetin per day vs placebo[331]. In the 
stage Ⅰ hypertensive patients, the BP was reduced by 7/5 
mmHg (p < 0.05) but there were no changes in oxidative 
stress markers[331]. Quercetin administered to 93 over-
weight or obese subjects at 150 mg/d (plasma levels of  
269 nmol/L) over 6 wk lowered SBP 2.9 mmHg in the 
hypertensive group and up to 3.7 mmHg in SBP in the 
patients 25-50 years of  age[332]. The recommended dose 
of  quercetin is 500 mg bid.

CLINICAL CONSIDERATIONS
Combining food and nutrients with medications
Several of  the strategic combinations of  nutraceutical 
supplements together or with anti-hypertensive drugs, 
have been shown to lower BP more than the medica-
tion alone: (1) Sesame with beta blockers, diuretics and 
nifedipine; (2) Pycnogenol with ACEI and CCB; (3) 
Lycopene with ACEI, CCB and diuretics; (4) ALA with 
ACEI or acetyl -L Carnitine; (5) Vitamin C with CCB’s; (6) 
NAC with arginine; (7) Garlic with ACEI, diuretics and 
beta blockers; (8) Coenzyme Q10 with ACEI and CCB; 
(9) Taurine with magnesium; (10) Potassium with all anti-
hypertensive agents; and (11) Magnesium with all anti-
hypertensive agents.

Many anti-hypertensive drugs may cause nutrient 
depletions that can actually interfere with their anti-hy-
pertensive action or cause other metabolic adverse effects 

manifest through the lab or with clinical symptoms[333]. 
Diuretics decrease potassium, magnesium, phosphorous, 
sodium, chloride, folate, vitamin B6, zinc, iodine and 
coenzyme Q10; increase homocysteine, calcium and cre-
atinine; and elevate serum glucose by inducing insulin re-
sistance. Beta blockers reduce coenzyme Q10. ACEI and 
ARB’s reduce zinc.

Vascular biology such as endothelial and VSMD plays 
a primary role in the initiation and perpetuation of  hyper-
tension, CVD and TOD. Nutrient-gene interactions and 
epigenetics are a predominant factor in promoting ben-
eficial or detrimental effects in cardiovascular health and 
hypertension. Food and nutrients can prevent, control 
and treat hypertension through numerous vascular biolo-
gy mechanisms. Oxidative stress, inflammation and auto-
immune dysfunction initiate and propagate hypertension 
and cardiovascular disease. There is a role for the selected 
use of  single and component nutraceutical supplements 
vitamins, antioxidants and minerals in the treatment of  
hypertension based on scientifically controlled studies as 
a complement to optimal nutritional, dietary intake from 
food and other lifestyle modifications[333]. A clinical ap-
proach which incorporates diet, foods, nutrients, exercise, 
weight reduction, smoking cessation, alcohol and caffeine 
restriction, and other lifestyle strategies can be systemati-
cally and successfully incorporated into clinical practice 
(Table 4).

CONCLUSION
Vascular biology, endothelial and vascular smooth muscle 
and cardiac dysfunction play a primary role in the initia-
tion and perpetuation of  hypertension, cardiovascular 
disease and TOD. Nutrient-gene interactions and epi-
genetics are predominant factors in promoting beneficial 
or detrimental effects in cardiovascular health and hyper-
tension. Macronutrients and micronutrients can prevent, 
control and treat hypertension through numerous mecha-
nisms related to vascular biology.

Oxidative stress, inflammation and autoimmune 
dysfunction initiate and propagate hypertension and 
cardiovascular disease. There is a role for the selected 
use of  single and component nutraceutical supplements, 
vitamins, antioxidants and minerals in the treatment of  
hypertension based on scientifically controlled studies 
which complement optimal nutrition, coupled with other 
lifestyle modifications.
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