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ABSTRACT 
 

Nowadays, hypertension is of utmost concern in both developing and developed countries, since it 
leads to many health problems like cardiovascular disease, heart attack, and stroke. In recent 
years, many studies were conducted to investigate the effect of nutraceuticals on blood pressure, 
which are natural food components having pharmacological properties. Nutraceuticals are 
especially beneficial for pre-hypertensive patients having a little more blood pressure than the 
normal range, in association with positive lifestyle changes. Even though nutraceuticals have a 
blood pressure-lowering effect, they cannot replace the conventional method of drug treatment for 
patients suffering from high blood pressure. Nutraceuticals with blood pressure-lowering activity 
under different categories like food, nutrients, and non-nutrients are reviewed in this article. 
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1. INTRODUCTION 
 
High blood pressure or BP is considered among 
the most pertinent risk factor that can cause 
cardiovascular diseases. Patients with 
hypertension are present all over the world. A 
person’s chances to develop hypertension during 
their lifetime are as high as 90%. According to 
the estimates, by 2025 the global share of 
hypertension is likely to raise up to 1.56 billion 
affected humans [1]. There are a total of 7.6 
million premature deaths caused by suboptimal 
blood pressure each year globally and it also 
results in the loss of more than 92 million life 
years which are disability-adjusted [2]. From 
many recent studies, it was found that the 
incidence involving cardiovascular complications 
can be reduced by maintaining a normal level of 
blood pressure. This indicates that if the general 
population has a normal range of blood pressure, 
then the number of hypertension patients will 
drastically decrease [3]. There are many risk 
factors that may contribute to the development of 
hypertension like increased levels of salt 
consumption, excessive alcohol consumption, 
and a lazy lifestyle which are major causes for 
this condition. Hypertension is also promoted by 
a deficiency of many food items like vegetables, 
fruits, oily fish, and dairy products. A deficiency 
of many micronutrients may also be regarded as 
a potential risk factor associated with 
hypertension like vitamin C, folate, vitamin D, 
and riboflavin [4]. In the Western world, 
cardiovascular diseases are attributed as one of 
the leading causes of death because the general 
population cannot properly control the 
cardiovascular risk factors [5]. According to the 
European guidelines, patients with a mild 
increase in blood pressure or a minor increment 
in glucose levels or serum lipids are advised to 
approach nonpharmacological methods like 
changing their lifestyles and using healthier food 
alternatives and nutraceutical products. This 
nonpharmacological strategy is highly efficient for 
controlling risk factors at the level of the 
population [6]. It is estimated that in most 
countries about 30% of the adult population 
suffers from hypertension and among them, 50 
percent are unaware of their condition [7]. There 
are 2 types of hypertension. The first one is 
essential hypertension, which is not caused by 
any known source but occurs because of a 
combination of many factors such as heredity, 
body weight, age, environment, and diet. The 
second one is secondary hypertension, which is 
caused by other medical conditions such as 
narrowing arteries, renal diseases, and adrenal 

cortical diseases [8]. Treating all types of sub-
optimal blood pressure with antihypertensive 
medicine can lead to many problems, so other 
alternatives are also considered, like changing 
food and lifestyle [9]. Many large-scale studies 
have shown that there are many health benefits 
of changing the diet on levels of blood pressure 
like dietary approaches to stop hypertension 
(DASH) as well as Mediterranean Diet studies. 
There are many different types of dietary 
supplements available that are supposed to have 
a blood pressure-lowering activity and these 
dietary supplements are called nutraceuticals. 
Nutraceuticals can be described as food or parts 
of food that have some medical and health 
values [10]. 
 

2. FOODS 
 
Beetroots: A diet containing high amounts of 
vegetables and fruit has many health benefits, 
but especially green leafy vegetables provide 
greater protection against cardiovascular 
disease. Among all the vegetables, beetroots 
have the highest concentration of nitrate present 
in a vegetable in the form of inorganic NO3¯. 
Once inorganic NO3¯ is consumed by a person, 
inorganic NO3¯ is later metabolized in vivo and 
converted into the active form of nitrate (NO2¯), 
which is again later retrieved and finally 
circulates in the body along with the blood. The 
effects of NO2¯ exert on the body by its 
transformation into active nitrogen oxides, which 
also include nitric oxide (NO) [11]. Generally, the 
way for the availability of functional nitrogen 
oxides like NO is the transformation of L-arginine 
into NO via the process of the NO synthesis 
pathway. The nitrate that was ingested is now 
changed into nitrite by commensal Gram-
negative bacteria that is found in the oral cavity, 
which is finally assimilated by the stomach. Now, 
it is ultimately reduced to bioactive NO in the 
erythrocytes and vessel wall, which in turn 
causes vasodilatation [12]. It is found that by 
consuming a dose of 250 ml beetroot juice in the 
concentrated form daily, results in a decrease in 
BP extremely in pre-hypertensive and 
normotensive patients by bioconversion to 
produce the vasodilator NO [13]. The beetroots 
also contain a high amount of betalains, which 
are color compounds that contain nitrogen which 
is generally absent in edible plants. Betalains can 
be categorized into two types, one of which is 
purple or red beta-cyanins which impart red color 
to beetroots, and another type is yellow or 
orange beta-xanthins which impart a yellow color 
to beetroots. Betalains may also act as 
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antioxidants because they donate electrons and 
may possibly have a protective role against 
protection from diseases related to oxidative 
stress like hypertension and cardiovascular 
diseases [14]. In meta-analysis double-blind, 
placebo-controlled RCTs, it was found that 
administrating beetroot juice of 5.1 mmol to 45 
mmol daily for a time period that varies from 2 
hours to 15 days, results in a dose dependant 
mean reduction of SBP by 4.4 mmHg [15]. 
 

Tea: The tea has been extensively investigated 
for its antihypertensive activity. Tea is in-fact, one 
of the most commonly consumed and famous 
beverages. When the chemical properties and 
manufacturing process of tea are considered, it 
can be categorized into two types, which are 
black tea and green tea. The manufacturing 
process of green tea does not involve 
fermentation. On the other hand, black tea 
generally involves fermented products. Since 
green tea is nonfermented, it contains green tea 
catechins (GTCs), which belong to a group 
named, polyphenols present in their original 
state. Black tea is involved with fermentation, the 
GTC gets oxidized, which is later polymerized to 
give rise to pigments named the arubigins (TR) 
and theaflavins (TF) [16]. When black tea or 
green tea is consumed regularly for 4-24 weeks 
with an average of 2 to 6 cups every day, it leads 
to a prominent decrease in BP, when the 
baseline values are compared, green tea results 
in a significant reduction in SBP by a value of 2 
mmHg and in the case of DBP by 1.7 mmHg. On 
the other hand, black tea leads to a reduced SBP 
by a value of 1.4 mmHg and in the case of DBP 
by 1.1 mmHg. The antihypertensive effect of tea 
increases if it is consumed for more than 12 
weeks consecutively [17]. 
 

Cocoa: There are many dietary flavonoids that 
have a vascular protective effect and endothelial 
function. They are anti-inflammatory, improves 
NO metabolism, and also act as an antioxidant. 
They also decrease the risk of Cardiovascular 
diseases (CVD) [18]. Cocoa as well as dark 
chocolate, both contain a high amount of 
polyphenols that play an important role in 
decreasing BP in humans. The flavonoids 
present in dark chocolate have beneficial effects 
like protecting the vascular endothelium, 
elevating NO bioavailability, and reducing the risk 
factors for CVD [19]. In recent studies, it was 
found that during hyperglycemia, endothelial 
functions are disturbed. There were many 
studies conducted to understand the effects, like 
reducing BP and increased flow-mediated 
dilation (FMD) after consuming chocolates [20]. 

Dark chocolates show BP-reducing effects which 
are not shown by white chocolates because, 
unlike white chocolate, dark chocolate has 
flavanols that allow a strong antioxidant action 
carried out by epicatechin, when it is released 
into the bloodstream. There are many additional 
beneficial effects of dark chocolate like 
increasing flow-mediated vasodilation in both 
healthy and hypertensive patients regardless of 
their glucose intolerance status [21]. In a recent 
of 20 placebo-controlled, double-blinded RCTs 
which involved 856 healthy individuals has 
provided statistically important data to establish 
the BP-lowering activity of cocoa products that 
are rich in flavanol. A short-term trial, where the 
participants are administrated with 3.6-105 g of 
cocoa supplements every day, which contained 
about 30 to 1080 mg of flavanol for a period of 2-
18 weeks, resulting a mean reduction in the 
value of SBP by 2.8 mmHg and in the case of 
DBP by 2.2 mmHg [22]. From the results of two 
newly conducted meta-analyses, which included 
13 trials and 10 trials involving 297 participants, it 
was found that there was a remarkable decrease 
in SBP by 3.2 mmHg and DBP by 2.0 mmHg for 
the first trial and a reduction in SBP by 4.5 
mmHg and a reduction in DBP by 3.2 mmHg for 
the second trial [23]. The BP reduction was found 
to be comparatively more for those individuals 
having the highest baseline of BP and also those 
who consume not less than 50–70% of cocoa 
products at a daily dose ranging between 6–100 
g in their everyday diet. There are also many 
pieces of evidence that indicate that cocoa may 
also help to enhance endothelial function and 
insulin resistance [24]. 
 
Pomegranate juice: Recently, pomegranate 
juice found to possess significant 
cardioprotective and antihypertensive effects. 
Pomegranate juice is also rich in polyphenols, 
which include the hydrolyzable tannins, which 
are synthesized when gallic acid and/or ellagic 
acid forms a bond with carbohydrate. The 
redness of pomegranate juice indicates the high 
amounts of anthocyanin which is known to have 
antioxidant effects and includes cyanidin, 
delphinidin, and pelargonidin glycosides [25]. In a 
recent meta-analysis, which included 574 
participants from 8 RCTs, when administrated 
with pomegranate juice, showed a remarkable 
decrease in the mean values of SBP by 4.9 
mmHg and in the case of DBP by 2.01 mmHg. 
Interestingly, pomegranate juice did not 
significantly affect SBP as the values of SBP 
were unaffected towards the duration of the 
treatment and the amount of dose tested. In the 
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case of DBP, only a borderline notable decrease 
was observed from the studies of the subset, 
when subjects were administrated with a daily 
dose of 240 cm

3
 of pomegranate in juice form 

[26]. Pomegranate juice also showed positive 
results when given to children suffering from 
metabolic syndrome as it improved their flow-
mediated dilation (FMD). Most of the information 
presented above is mostly obtained from the 
Iranian population, so the same data may not be 
confirmed for different population groups [27].  
 
Sesame: Sesame has antihypertensive 
properties because of its large amounts of 
polyunsaturated fatty acid, lignan, fiber, and 
phytosterol [28]. From a meta-analysis of 8   
controlled trials that involved 843 participants, it 
was found that sesame supplementation can 
significantly decrease the value of SBP by 7.83 
mmHg and the value of DBP by 5.83 mmHg [29]. 
When a black sesame supplement of 2.52 g per 
day was given to 15 individuals for a time 
duration of 4 weeks, a significant decrease was 
observed in SBP by a value of 8.3 mmHg but no 
remarkable reduction was observed for DPB, 
which was of 4.2 mmHg [30]. In addition to 
antihypertensive activity, sesame was also found 
to have serum glucose, LDL-C, HgbAIC, and 
oxidative stress markers lowering activity as well 
as increasing HDL, SOD, GPx, CAT, glutathione, 
vitamins A, vitamins C, and vitamins E [31]. The 
active ingredients present in sesame are natural 
ACEIs, sesamolin, sesaminol glucosides, and 
sesamin [32]. All the above mention substances 
have lower oxidative stress and lower 
inflammatory effects, they also help in enhancing 
oxidative defense and as a result, decrease BP 
[33]. 
 
Seaweed: Wakame seaweed is one of the most 
popular seaweed that is consumed in Japan [34]. 
In recent trials, it was found that when 3.3 g of 
wakame seaweed was supplemented every day 
for a time duration of 4 weeks, there was a 
remarkable decrease in SBP by 14±3 mmHg and 
DBP by 5±2 mmHg [35]. The mean arterial 
pressure (MAP) was found to fall by a value of 

11.2 mmHg, particularly for participants who are 
sodium-sensitive, and a fall by 5.7 mmHg for 
participants who are sodium-insensitive.  Sea 
vegetables and seaweed have nearly all the 771 
minerals that are present in the seawater along 
with many rare earth elements such as alginate 
[34]. Major effects of wakame seaweed are due 
to its angiotensin-converting enzyme inhibitor 
(ACEI) activity because of their tripeptide as well 
as dipeptide metabolites, particularly those 
having amino acid sequences Phe-Tyr, Ile-Tyr, 
Val-Tyr, Try-Lys in some combinations [36]. The 
consumption of wakame seaweed in Japan for 
the long term has provided evidence for its 
safety. There are many other different varieties of 
seaweed that can decrease BP in humans. 
Since, they cause an increase in intestinal 
potassium assimilation as well as a decrease in 
sodium assimilation [37].  
 
Garlic: Garlic has played a significant historical 
role in the fields of both medicine and food [38]. It 
constitutes of 65% water, and free amino acids, 
proteins, sulfur compounds, and carbohydrates 
such as fructose [39]. The medical and dietary 
properties of garlic are due to the presence of 
sulfur compounds found in the garlic [40]. In 
recent studies, it was found that one of the major 
reasons for the cardiovascular advantages of 
garlic is because of allicin, which is also called 
diallyl thiosulfinate [41]. In many clinical trials, it 
was found that garlic has antihypertensive 
properties. The average reduction of BP in 
hypersensitive patients for SBP was found to be 
8.4 mmHg and for DBP was found to be 7.3 
mmHg [42]. The BP-lowering property of all garlic 
preparation does not have a similar effect in the 
reduction of BP, as there are different types of 
garlic such as cultivated garlic, bear garlic, wild 
uncultivated garlic, and fresh or aged garlic, with 
all of them having a variable degree of effects 
[43]. For a significant amount of BP-reducing 
effect, a human may consume four cloves of 
garlic per day, which approximately weighs 4 g. 
This amount of garlic approximately contains 
10,000 milligrams of allicin, which is an active 
compound of garlic [44]. 

  

Table 1. Effects of Foods on Hypertension. Modified and updated [6] 
 

Foods Expected effect on BP Clinical evidence 

Beetroots -4.4/1 mmHg Meta-analysis of 16 RCTs (n = 254) 
Tea -2/-1 mmHg Meta-analysis of 25 RCTs (n = 1476) 
Cocoa -2.8/-2.2 mmHg Meta-analysis of 20 RCTs (n = 856) 
Pomegranate juice -4.9/-2 mmHg Meta-analysis of 8 RCTs (n = 574) 
Sesame -7.8/-5.8 mmHg Meta-analysis of 8 RCTs (n = 843) 
Seaweed -11.2/-5.7 mmHg Meta-analysis of 1 RCT (n = 62) 
Garlic -8.4/-7.3 mmHg Meta-analysis of 1 RCT (n = 50) 
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Fig. 1. Different types of foods 
 

3. NUTRIENTS 
 
ω-3 polyunsaturated fatty acids: ω-3 
polyunsaturated fatty acids, also called PUFA, 
are known to have a significant effect in lowering 
BP in humans. The major ω-3 PUFA present in 
human diet are docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA) [45]. Major ω-3 
PUFA-rich sources in the human diet are 
seafood and oily fish [29]. Many clinical studies 
have indicated that ω-3 PUFA also contributes to 
improving cardiovascular health as it carries 
many different mechanisms to regulate BP in 
humans. These mechanisms include increasing 
the production and biosynthesis of relaxing factor 
(NO) and improving both the activation and 
regulation of endothelial NO synthase (eNOS), 
decreasing plasma norepinephrine, increasing 
parasympathetic nervous system tone, and 
improving insulin resistance [46]. A lot of data is 
available regarding the effectivity of ω-3 PUFA 
against BP. From a meta-analysis of 70 RCTs 
against a placebo, where the participants were 
administrated with 0.3-15 grams of ω-3 PUFA 
every day for a period of 4-26 weeks. It was 
observed that there was a decrease of SBP by 
1.5 mmHg but in the case of DBP, there was a 
decrease of 1.0 mmHg. The intensity of the effect 
increased when ω-3 PUFA was given to 

untreated hypertensive individuals, as for the 
case of SBP, there was a decrease of 4.5 
mmHg, and for DBP, there was a reduction of 3.0 
mmHg [47]. From a different meta-analysis, it 
was observed that if a daily dosage of 900-3000 
mg is given for a period of 6-105 weeks, then it 
leads to improvement in pulse wave velocity as 
well as in arterial compliance. The only drawback 
of this meta-analysis involving high dosage was 
mild gastrointestinal discomfort [48]. In recent 
studies, it was found that if a mild hypertension 
patient was given a daily dosage of 500 mg of ω-
3 PUFA every day for a long term, then the 
patient becomes more tolerated to the 
intervention of lower BP and it also helps to 
decrease the chances to develop hypertension in 
healthy individuals [49]. 
 
Proteins, peptides, and amino acids: In recent 
studies, it was found that proteins and peptides 
which are obtained from plant and animal 
sources possess various bioactive properties. In 
a meta-analysis that involved 40 RCTs which 
included 3277 individuals, in comparison with 
carbohydrates, it was found that dietary protein 
intake causes a remarkable decrease in SBP by 
1.8 mmHg and a decrease of DBP by 1.2 mmHg. 
Both animal protein and vegetable protein are 
found to have BP-lowering activity, where 
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vegetable protein reduces SBP by a value of 2.3 
mmHg, and in the case of DBP by 1.3 mmHg, 
animal protein reduces SBP by a value of 2.5 
mmHg and in case of DBP by 0.9 mmHg [50]. In 
the case of vegetable protein, the BP lowering 
effect is due to an additional factor which is soy 
isoflavones present in it. Soy isoflavones can 
decrease SBP by 5.9 mmHg and in the case of 
DBP by 3.3 mmHg when 60-110 mg is 
consumed every day by hypertensive subjects 
[51]. Whey and fermented milk protein contain 
high amounts of angiotensin-converting enzyme 
inhibitor (ACEI) peptides, which can decrease 
the BP in humans of SBP by a value of 8 mmHg 
and of DBP by 2 mmHg when 20 g is consumed 
every day [52]. Milk peptides specially tripeptides 
which are Ile-Pro-Pro and Val-Pro-Pro also 
exhibit ACEI activity and lowers the BP in 
human, when 5-60 mg is consumed every day 
for a duration of 4 to 12 weeks [53]. It also results 
in improved pulse velocity in mild hypertensive 
patients [54]. Marine fishes which are found in 
deep seas like tuna and mackerel contain 
peptides that have antihypertensive activity. It 
was found that by consuming these marine 
source peptides at a rate of 1.5 g per day, a 
significant reduction in BP was recorded which 
includes a decrease of SBP by a value of 10 
mmHg and a decrease in case of DBP by 7 
mmHg [55]. In the case of single amino acid like 
L-arginine, which is a semi-essential amino acid, 
which leads to the reduction of human BP, when 
administrated in a dose ranging from 4-24 g per 
day. Being a natural substrate for NO synthase, 
L-arginine causes a positive influence on 
metabolism and hemodynamics because of its 
positive effect on endothelial function. As a 
result, a large amount of NO is available on the 
vessel wall. In a meta-analysis involving 387 
participants, who participated in 11 placebo-
controlled, double-blind RCTs were 
administrated with oral L-arginine supplements 
with a daily dose ranging from 4-24 g for a period 
of 2-12 weeks. As a result, it was found that, 
when compared with a placebo, L-arginine 
decreases the human BP by SBP of 5.4 mmHg 
and in the case of DBP by 2.7 mmHg. The 
maximum positive effects were obtained in the 
4

th
 week of the treatment period [56]. 

 
Magnesium: Magnesium, being one of the 
important elements in the body to reduce BP, 
has an inverse relationship with BP. Magnesium 
affects BP directly by stimulating nitric oxide 
(NO) and prostacyclin formation [57]. It also 
controls both types of vasodilation, either 
endothelium-independent or endothelium-

dependent, since it decreases vascular reactivity 
and tone [58]. The antihypertensive effects of 
magnesium are increased if associated with a 
reduced intake of sodium. In a meta-analysis, 
which involved 20 RCTs, it was discovered that it 
lowers the SBP by a value of 0.6 mmHg and in 
the case of DBP by 0.8 mmHg. In a different 
meta-analysis with 23 trials involving 1173 
participants, a remarkable decrease of BP was 
found with a reduction of SBP by 2-3 mmHg and 
DBP by 3-4 mmHg, when a daily supplement of 
410 mg of Mg was administrated for a period of 
11 weeks [59]. The observation from the second 
meta-analysis was confirmed after getting the 
results from another meta-analysis that involved 
2028 hypertensive and normotensive 
participants, administrated with a daily 
supplement of 368 mg of Mg for a period of 3 
months [60]. From the results of these studies, it 
was found that the amount of serum Mg is 
inversely associated with DBP but not with SBP. 
The maximum effect of Mg supplements to 
reduce BP can be obtained by daily 
administration of 300 mg for a period of one 
month [61]. 
 
Potassium: In recent studies, it was found that a 
decrease in the amount of dietary intake of 
potassium leads to an increase in cardiovascular 
risks as well as a rise in BP. On the other hand, 
increasing the amount of potassium supplements 
in food leads to positive cardiovascular effects, 
especially in hypertension. If an individual 
consumes a low amount of potassium, like lower 
than 1 to 2 g daily, particularly in association with 
an elevation in the consumption of sodium, it 
causes an increment in the ratio of dietary 
sodium-to-potassium intake. This results in the 
rise of BP by 4-5 mmHg. This also raises the risk 
of developing chronic kidney disease, in addition 
to the risk of stroke. Low consumption of 
potassium can enhance tubular reabsorption of 
sodium, leading to higher sodium retention and 
lower sodium excretion from the body. As the 
amount of sodium increases in the body, it leads 
to a rise in BP in humans. If a hypertensive 
patient is administrated with a daily dose of 90-
120 mEq, it results in a remarkable reduction in 
the SBP by a value of 7 mmHg and in the case of 
DBP by 4 mmHg, and a more prominent effect is 
observed in salt-sensitive individuals [62]. If an 
individual increases his potassium intake by 42 
mmol per day, then it reduces the chances of 
stroke for that individual by 21% [63].  
 
Calcium: The positive effects of calcium intake 
are more prominent in younger individuals who 
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are less than 35 years old. Calcium intake leads 
to a decrease in BP in younger individuals of 
SBP by a value of 1.4 mmHg and in the case of 
DBP by 0.9 mmHg. In recent studies, some 
controversy has been raised regarding the long-
term effects of calcium supplement intake. In 
larger studies, which include 10 years of follow-
up, it was observed that there was a rise in 
cardiovascular risk and non-cardiovascular death 
by 17-20% as well as of myocardial infarction, 
when administrated with calcium supplements 
above 1 g per day, especially in the case of 
middle-aged men against some degree of 
protection, observed in women [64]. Apart from 
this, many other studies regarding the 
supplement intake of calcium with a daily dose of 
2-2.5 g, showed no signs of harmful effects on 
the cardiovascular system regardless of its 
administration in combination with vitamin D [65]. 
The difference in the effect of calcium 
supplements may be due to the presence of 
different factors like divergent effects of diet and 
external supplements [66]. 
 
Zinc: If an individual has a low serum zinc level, 
then it leads to hypertension and coronary heart 
disease (CHD) [67]. Metallothionein, which is a 
low molecular weight protein transporter, 
transports zinc into vascular muscle, cardiac, and 
some other tissues. When the deficiencies of 
intramuscular zinc combine with genetic 
deficiencies of metallothionein, it may cause 
increased cardiomyocyte dysfunction, oxidative 
stress, apoptosis, and mitochondrial dysfunction, 
which may later cause heart disease or 
hypertension. If the amount of intercellular 
calcium increases in the body, it causes a rise in 
oxidative stress, but this rise in oxidative stress 
can be reduced by zinc [68]. In a recent study, 
when zinc levels in 60 hypertensive individuals 
were compared against the zinc levels of 60 
normotensive control subjects, an inverse 
relationship was observed between serum zinc 
and BP [67]. A person should maintain 50 mg of 
zinc in his daily intake either through his diet or 
by supplements [44]. 
 
Vitamin C: There is a reverse relationship 
between the levels of vitamin C or plasma 
ascorbate concentration and the levels of BP 
[69]. Vitamin C also decreases the chances of 
developing cardiovascular disease (CVA) as well 
as stroke. If the amount of vitamin C reduces in 
the body, it leads to an increase in the risk of 
developing cardiovascular disease [70]. The 
individual having hypertension has a low plasma 
ascorbate level which is 40 µmol per liter 

compared to a normotensive individual having a 
higher plasma ascorbate level which is 57 µmol 
per liter. Since there is a reverse relationship 
between the levels of plasma ascorbate and the 
levels of BP, so in order to acquire a positive 
effect on BP, one must maintain at least 100 
µmol per liter level of serum ascorbate [71]. In a 
meta-analysis involving hypertensive patients, 
when administrated with vitamin C with a 
supplement of 500 mg per day for a period of 
around 8 weeks, there was a significant 
decrease in SBP by 4.8 mmHg but there was no 
decrease in DBP [72]. The efficiency and 
performance of amlodipine, which is an 
antihypertensive drug, increases when 
administrated in combination with vitamin C [71]. 
In the case of elderly patients especially those 
associated with refractory hypertension, when 
administered with 600 mg of vitamin C every day, 
resulted in a decrease in SBP by a value of 20±8 
mmHg and in the case of DBP by 16±5 mmHg 
[73]. 
 
Vitamin D: Many clinical and experimental 
investigation indicates a relation between the 
plasma level of D3 which is vitamin D in the 
active form and the levels of BP as D3 reduces 
BP in hypertensive patients [74]. Vitamin D may 
also play an important role in the control of BP 
directly as well as in insulin metabolism. it is also 
responsible for the modulating of the renin-
angiotensin-aldosterone system [75]. If the 
amount of vitamin D3 decreases in the body, then 
the chances of developing hypertension also 
increase. In recent studies, it was found that 
vitamin D3 can reduce the SBP by 3.6-13.1 
mmHg and in the case of DBP by 3.1-7.2 mmHg. 
The factors responsible for the decrease of BP 
are serum level of vitamin D3, vitamin D3 level in 
the pretreatment, and dose of vitamin D3 but the 
reduction of BP occurs in the case of 
hypertensive patients. The suggested dose of 
vitamin D for everyday consumption is 60 ng per 
ml [76]. 
 
Soluble fibre: Normal dietary fiber has a non-
significant effect on the reduction of BP, 
especially when they are included in a 
Mediterranean diet. But in the case of soluble 
fiber, there is a remarkable decrease in BP in 
humans according to many recent RCTs. Soluble 
fiber also shows a positive effect on lipid and 
glucose metabolism [77]. After consuming a daily 
dose of 40 to 50 g of mixed fiber, there was a 
decrease in SBP by 7.5 mmHg and in the case of 
DBP by 5.5 mmHg [78]. There are many health 
benefits to consuming flaxseed, which contains 
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high amounts of alpha-linolenic acid, fiber, as 
well as lignans. In a meta-analysis that included 
14 RCTs, it was found that administration of 
flaxseed supplements can reduce SBP by 1.8 

mmHg and in the case of DBP by 1.6 mmHg 
[79]. The maximum positive effect of flaxseed 
was observed when the trial was conducted for a 
period of at least 8 weeks [80]. 

 

 
 

Fig. 2. Different types of Nutrients 
 

Table 2. Effects of Nutrients on Hypertension. Modified and updated [6]  
 

Nutrients Expected effect on BP Clinical evidence 

ω-3 polyunsaturated fatty acids -1.5/-1 mmHg Meta-analysis of 70 RCTs (n = 2250) 
Proteins, peptides, and amino 
acids 

-5.4/-2.7 mmHg Meta-analysis of 11 RCTs (n = 387) 

Magnesium -2.5/-3.5 mmHg Meta-analysis of 23 RCTs (n = 1173) 
Potassium -7/-4 mmHg Meta-analysis of 33 RCTs (n = 1829) 
Calcium -1.4/-1 mmHg Mainly epidemiological data 
Vitamin C -4.8/1 mmHg Meta-analysis of 21 RCTs (n = 1407) 
Soluble fibre -1.8/-1.6 mmHg Meta-analysis of 14 RCTs 
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4. NON-NUTRIENTS 
 

Resveratrol and grape seed extracts: 
Resveratrol is a polyphenol, which is related to a 
family of chemical species of polyphenolic 
compounds called stilbenes. Resveratrol is 
especially concentrated in grapes as well as red 
wine. In recent studies, it was found that it 
possesses antihypertensive activity as well as 
antioxidant properties. Resveratrol also prevents 
platelet aggregation, along with the prevention of 
vascular inflammation [81]. A meta-analysis 
involving 6 RCTs with 247 participants, 
administrated with a higher dose of resveratrol, 
which is more than 150 mg per day, leads to a 
significant reduction of SBP by 11.9 mmHg [82]. 
From a different meta-analysis involving 9 
placebo-controlled, double-blind RCTs, which 
included 390 participants, it was found that grape 
seed extract has various different concentrations 
of resveratrol along with other polyphenols, 
decreases SBP by 1.5 mmHg but does not show 
any reduction in DBP value [83]. 

Melatonin: Melatonin is released during the 
night from the pineal gland. It regulates the night 
and day cycle, which is also known as the sleep-
wake cycle. From recent studies, it was found 
that melatonin reduces BP in humans by 
regulating both central and peripheral 
mechanisms like improving NO metabolism, and 
protecting vessels from oxidation [84]. In a meta-
analysis, which involved placebo-controlled, 
double-blind RCTs, 221 individuals administered 
with 2-5 mg daily dose of melatonin for a period 
of 7-90 days. It caused a significant decrease of 
both night SBP by 6.1 mmHg and in the case of 
DBP by 3.5 mmHg but the same positive effects 
were not obtained in the case of fast-release 
melatonin [85]. When hypertensive patients were 
administrated with melatonin supplements after 
providing β-blockers that inhibit melatonin 
secretion, resulting in better sleep quality [86]. 
Recent studies have achieved positive results in 
using melatonin for the treatment of refractory 
hypertension [87]. 

 

 
 

Fig. 3. Melatonin levels in the body throughout the day. From noon to 6 PM, melatonin remains 
at a low level. From 6 PM to 6 AM, during the night, melatonin levels increase and reached a 

maximum at midnight and then decrease gradually 
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Lycopene: Lycopene is a carotenoid, which is 
present in large amounts in tomatoes and 
provides tomatoes with their characteristic red-to-
pink color. Lycopene has BP-reducing effects but 
its antihypertensive effects are still under 
investigation. In a recent meta-analysis involving 
6 RCTs, it was observed that by administrating 
10-50 mg of lycopene supplement every day for 
a time duration from 4 to 12 weeks, the mean 
reduction for SBP was 4.9 mmHg but there was 
no significant reduction observed for DBP. Later 
from a subgroup analysis, it was found that 
antihypertensive effects of lycopene were 
observed in the Asian population when 
administrated with a higher dose like more than 
12 mg per day with a baseline of SBP of 120 
mmHg [88]. One major question that arises here 
is which one is more effective, providing a 
lycopene supplement or proving food that is rich 
in natural sources of lycopene like a tomato. It 
was found that while considering BP 
management, lycopene was a better option but 

to prevent the chances of developing 
cardiovascular risk, providing whole-food sources 
of lycopene like a tomato was a better option 
[89]. 
 

Pycnogenol: The extract obtained from the bark 
of Pinus pinaster, commonly known as French 
maritime pine is generally distributed and 
marketed under the name of pycnogenol, which 
is a natural ACE inhibitor. Pycnogenol prevents 
the cell membrane against oxidative stress and 
raises NO concentration, which in turn enhances 
endothelial functions. Pycnogenol also enhances 
the blood flow of renal cortical, decreases 
myeloperoxidase activity, and reduces high-
sensitive C-reactive protein (CRP) and as a 
result, it has a beneficial effect on BP for humans 
[90]. Some clinical trials suggest that if 
pycnogenol supplements are provided along with 
other antihypertensive drugs, then it leads to a 
decrease in the daily dose of antihypertensive for 
about half of the total patients [91]. 

 

 
 

Fig. 4. Regulation of blood pressure by angiotensin Ⅰ-converting enzyme (ACE) 
 

Fig. 4 regulation of blood pressure by angiotensin Ⅰ-converting enzyme (ACE). Firstly, prorenin is 

converted into renin which hydrolyses plasma angiotensinogen for the generation of angiotensin I. By 

the activity of ACE, angiotensinogen Ⅰ is quickly hydrolyzed and a shorter peptide containing 8 

amino acids is released, which occurs in the lungs. The shorter amino acid peptide is angiotensin Ⅱ, 

which leads to the activation of the AT1 receptor (AT1R) that ultimately causes a rise in blood 

pressure and vasoconstriction. Angiotensin Ⅱ increases the retention capacity of both salts and 

water, which in turn causes an increment in extracellular fluid and leads to an elevation of blood 

pressure. The angiotensin Ⅱ also results in the release of aldosterone from the adrenal gland, which 

also contributes to the reabsorption of salt and water in the kidney. Secondly, ACE can inactivate the 
vasodilator bradykinin leading to an elevation of blood pressure. 
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Coenzyme Q10: Coenzyme Q10 or CoQ10, 
commonly known as ubiquinone and is a lipid-
soluble, vitamin-like potent antioxidant 
compound. It is generally present in raw fish and 
red meat, along with nuts, olives, corn, and 
soybean [92]. Many investigations suggest that 
CoQ10 plays an important role in decreasing 
some cardiovascular risk factors like BP. It 
regulates mitochondrial respiration by acting as 
the electron transporter and as a coenzyme and 
cofactor for the mitochondrial enzymes. It also 
decreases oxidative stress by acting like a free 
radical scavenger, which in turn reduces BP in 
humans [93]. In a recent meta-analysis including 
placebo-controlled RCTs, it was found that when 
CoQ10 was administrated in an individual with a 
baseline of SBP of lower than 140 mmHg or of 
DBP with a baseline of lower than 70 mmHg with 
a daily supplement of about 100 mg for a time 
duration of 4 weeks, it resulted in a decrease in 
SBP by a value of 11 mmHg and in case of DBP 
by 7 mmHg [94]. The low availability of CoQ10 is 
a major problem associated with using it as an 
antihypertensive supplement but it can be 
resolved by using CoQ10 nano-emulsion [95]. 
 
Aged garlic extract: S-allylcysteine is a 
polysulfide present in garlic that can induce the 
synthesis of hydrogen sulfide (H2S), which 
improves the control of endothelial NO. It 

ultimately leads to vasodilation, smooth wall 
relaxation, and reduction of BP in humans. Some 
dietary and genetic factors can also influence the 
efficiency of NO and H2S signaling pathways and 
may result in developing hypertension. If an 
individual has a sulfur deficiency, then it may 
increase the chances of hypertension, which can 
be minimized by providing supplements of 
organosulfur compounds obtained from garlic 
[96]. The dry-aged garlic can decrease 
catecholamine sensitivity and enhance arterial 
compliance by blocking calcium channels and 
ACEI activity [97]. In a meta-analysis including 9 
RCTs in which 482 participants participated, 
administered with extract of aged garlic for a time 
period of 8-26 weeks, positive antihypertensive 
results were observed when compared with 
placebo. The mean reduction for SBP was by the 
value of 9.1 mmHg and in the case of DBP by 
3.8 mmHg [98]. Even after the high 
antihypertensive effect of garlic extract, it is not 
widely used because of its common 
gastrointestinal side effects [99]. 
 
Probiotics: Trillions of microbial cells constitute 
the human gut microbiota, which includes Gram-
positive and Gram-negative as well as aerobic 
and anaerobic species. From recent studies, it 
was found that wrong dietary habits and lifestyle 
can influence the microbiota negatively, which  

 

 
 

Fig. 5. Different types of Non-nutrients 
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Table 3. Effects of Non-nutrients on Hypertension. Modified and updated [6]  
 

Non-nutrients Expected effect on BP Clinical evidence 

Resveratrol and grape seed 
extracts 

-12/1 mmHg Meta-analysis of 9 RCTs (n = 390) 

Melatonin -6.1/-3.5 mmHg Meta-analysis of 7 RCTs (n = 221) 

Lycopene -5/1 mmHg Meta-analysis of 6 RCTs (n = 482) 

Pycnogenol -3/-3 mmHg Meta-analysis of 9 RCTs (n = 549) 

Coenzyme Q10 -11/-7 mmHg Mainly epidemiological data 

Aged garlic extract -9.1/-3.8 mmHg Meta-analysis of 9 RCTs (n = 482) 

Probiotics -3.5/-2.3 mmHg Meta-analysis of 9 RCTs (n = 543) 

 
may lead to cardiovascular diseases. 
Hypertensive patients with gut dysbiosis have 
been observed with a rise in 
Firmicutes/Bacteroidetes ratio, accompanied by 
a reduction in butyrate-producing bacteria [100]. 
The synthesis of inflammatory factors and short-
chain fatty acids due to these changes, increases 
which cause a negative influence on kidneys, 
arteries, and BP in humans [101]. In a recent 
meta-analysis involving 9 RCTs, it was observed 
that administrating probiotics in less than 10

11
 

colony-forming units for a period of 8 weeks 
leads to a decrease of SBP by a value of 3.5 
mmHg and in the case of DBP by 2.3 mmHg. 
The antihypertensive effect increases when 
probiotics belonging to many different species 
are administrated instead of a single species of 
probiotics. If an individual is administrated with a 
daily supplement, which is below 10

11
 colony-

forming units, then it does not cause any notable 
reduction in BP [102]. 
 

5. FUTURE PERSPECTIVE 
 

Over the course of time, as new and new 
nutraceuticals and functional foods are being 
discovered and we are acquiring more 
information regarding the mechanism, optimal 
combination, and doses of nutraceuticals, their 
role in protection against hypertension, and 
preventing the risk of developing cardiovascular 
diseases is also increasing. Different 
nutraceuticals and functional foods have different 
degrees of blood pressure-reducing activity 
based on their efficacy and action mechanism. 
Usually, nutraceuticals and functional foods 
reduce blood pressure by regulating NO 
production, preventing ACE activity, improving 
endothelial function, and scavenging free 
radicals. There are also some issues related to 
the use of nutraceuticals for their effectiveness, 
regulation, safety, and health claims. 
Furthermore, there are many technical 
challenges in the application of these 

nutraceuticals as food. So, the final products that 
naturally contain these nutraceuticals have a 
better scope to be applicable in our everyday 
lifestyle. 
 

6. CONCLUSION 
 
Hypertension is a clinical condition, which occurs 
when the force of the blood is too high against 
the walls of the artery. It is one of the most 
prominent clinically relevant problems, which still 
affects a large portion of the population and 
causes cardiovascular diseases and renal 
problems. The treatment of hypertension 
includes a combination of antihypertensive 
medicines, along with lifestyle changes, which is 
sufficient to tackle some crucial cardiovascular 
complications like stroke and coronary artery 
disease. But this course of action is inappropriate 
for a larger portion of the population associated 
with prehypertension. Nutraceuticals and 
functional foods provide a better course of action 
in the case of prehypertensive patients as it has 
none or minor side effects, are cost-effective, 
and the patient does not have to rely on drugs. 
The nutraceutical category includes foods, 
nutrients, and non-nutrients which have BP-
reducing abilities. However, there is a further 
need for investigation on nutraceuticals to 
determine their long-term effect, effects on higher 
doses, and effects on combining with other 
nutraceuticals. This article focuses on the 
efficacy of different nutraceuticals from the 
results of various randomized clinical trials. 
There is a further need for investigation to 
determine nutraceuticals, which are the best in 
risk-benefit ratio and cost-effectiveness to be 
used by the general population. 
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