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Abstract: Background: An estimated 1.28 billion adults aged 30–79 years worldwide have hypertension, about two-thirds of 

them live in low- and middle-income countries. A systolic blood pressure (BP) > 180 mm Hg or a diastolic BP > 120 mm Hg is 

considered a "hypertensive crisis." Almost three-quarters of the worldwide deaths due to hypertension are reported in developing 

countries where hypertension awareness is deficient, and prevalence rates are very high. The aging population, unhealthy diets, 

and lack of physical activities are some of the factors that are contributing to high levels of hypertension. Resistant hypertension, 

where a patient fails to respond to three or more different classes of antihypertensive drugs, including a diuretic, is also on the rise. 

The Purpose: This review briefly summarizes the current trends of hypertension in developing countries, its causes, diagnosis, 

and treatment. It also covers the recent increase in the use of antihypertensive herbs. Research Methods: The review critically 

analyzed recent hypertension trends in developing countries, with a special focus on resistant hypertension diagnosis and 

treatment. Conclusion: Training people to diagnose hypertension in hard-to-reach areas is highly recommended to reduce 

hypertension cases in developing countries. People should be encouraged to eat healthy diets and actively participate in physical 

exercises. More research is needed in the development and treatment of resistant hypertension. 

Keywords: Resistant Hypertension, Hypertension Treatment, Diagnosis of Hypertension, Hypertension Genetics, 

Hypertension Herbs 

 

1. Introduction 

An estimated 1.28 billion adults aged 30–79 years 

worldwide have hypertension, most (two-thirds) live in low- 

and middle-income countries [1]. A systolic blood pressure 

(BP) > 180 mm Hg or a diastolic BP > 120 mm Hg is 

considered a "hypertensive crisis" [2]. Almost three-quarters 

of the worldwide deaths due to hypertension are reported in 

developing countries [3, 4], where hypertension awareness is 

deficient, and prevalence rates are very high. Furthermore, 

hypertension is more common among people of African 

heritage than Caucasians [5]. As early as 2010, the prevalence 

of hypertension among adults was more elevated in Low- and 

Middle-income countries (LMICs) (31.5%, 1.04 billion 

people) than in high-income countries (HICs; 28.5%, 349 

million people) [6]. An increase in the number of patients 

effectively treated for hypertension to levels observed in 

high-income countries could prevent 76 million deaths, 120 

million strokes, 79 million heart attacks, and 17 million cases 

of heart failure between now and 2050 [7]. 

Uncontrolled hypertension can lead to complications, 

including congestive heart failure, heart attack, cerebral 

hemorrhage, aneurysm, vascular dementia, chronic kidney 

disease, myocardial infarction, and thrombotic stroke [8]. 

Indeed, high blood pressure is the major contributor to 

cardiovascular disease, one of the leading causes of mortality. 

Most strokes and coronary heart diseases are directly linked to 

high blood pressure [8]. Hypertension as a chronic medical 

condition increases with age. To make matters worse, there are 

no clear guidelines on the optimal BP for the older age group 

due to the mixed evidence in this population [9]. The 

American Heart Association, American College of Cardiology, 
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Centers for Disease Control and Prevention, American 

Society of Hypertension, the International Society of 

Hypertension, and European Society of 

Hypertension/European Society of Cardiology Hypertension 

Guidelines recommend a universal target of <140/90mm Hg 

for those less than 80 years, <150/90mm Hg for those above 

80 years old and, <140/85 mm Hg for patients with diabetes 

and chronic kidney disease [3]. When the recommended target 

blood pressure is not achieved with at least three 

antihypertensive agents, including diuretics, from different 

classes in the correct combination, the patient is described as 

having resistant hypertension [6]. 

Because of the lack of hypertension awareness, efforts to 

prevent and treat hypertension are not encouraged in African 

countries, mainly in rural areas. Once one is diagnosed with 

hypertension, the priority is always to find mechanisms to 

reduce it to healthy levels, but much more effort should also be 

placed on its prevention. Even though genetic factors have been 

implicated in the development of hypertension [10, 11], 

preventative measures based on changes in lifestyle and 

nutrition must be prioritized in addition to genetic screening. 

Indeed, the etiology and non-pharmacological prevention and 

treatment of hypertension should be highly encouraged. These 

measures include but are not limited to a consistent intake of 

low-kilojoule diet (fruits and vegetables), decreasing 

consumption of saturated fats, cholesterol, and trans-fats, 

reduction of sodium intake to no more than 2 g per day, 

reducing alcohol intake, reducing intake of ultra-processed 

foods [12], and encourage consumption of foods rich in 

potassium and regular aerobic exercising, has been shown to 

prevent the development of hypertension [13]. Combining 

endurance and resistance training is an effective 

nonpharmacological way of reducing hypertension. Exercise 

has been proven to regulate shear stress, nitric oxide production, 

up-regulate antioxidant enzymes, and autonomic nervous 

system activity, directly reducing hypertension crisis [13]. To 

reverse the hypertension epidemic in developing countries, 

there is an urgent need for community-based intervention 

programs that should encourage hypertension prevention, 

detection, and treatment. Hypertension tends to be higher in 

men than women [14]. Furthermore, women are more aware of 

hypertension than men in developing countries [15]. 

This review discusses the current epidemiology, etiology, 

pathophysiology, hypertension genetics, diagnosis, prevention, 

and treatment of resistant hypertension in developing 

countries. 

1.1. Global Epidemiology and Burden of Hypertension 

The global hypertension prevalence is not the same 

worldwide. In some countries, it is rising at an alarming rate, 

while in others, it is declining [3]. The aging population, 

unhealthy diets, and lack of physical activities are some of the 

factors that are contributing to high levels of hypertension in 

some countries. Recent studies involving 154 countries with 

over 8 million participants showed that the mean 

age-standardized systolic BP was 127.0 mmHg in men and 

122.3 mmHg in women. In contrast, the mean 

age-standardized diastolic BP was 78.7 mmHg in men and 

76.7 mmHg in women [4]. Studies have repeatedly shown that 

having an optimal blood pressure of SBP <120mmHg and 

DBP <80mmHg reduces cardiovascular diseases (CVDs) risk 

[16]. 

Overall, South Asia, Sub-Saharan Africa, and Central and 

Eastern Europe have higher mean systolic and diastolic BPs 

than high-income Western Europe and Asia-Pacific regions 

(Figure 1) [4]. Economic, social, and environmental factors 

likely contribute to these regional variations. Some of these 

variations include limited access to community health workers, 

health coaches, antihypertensive medications, unhealthy diets 

including high consumption of salt, low consumption of fresh 

fruits, a high prevalence of maternal and childhood 

undernutrition, and lack of physical activity due to a busy 

lifestyle [4]. One of the reasons that hypertension awareness 

needs to be improved in developing countries is the wrong 

perception that it is a disease of affluence and poor diagnosis. 

Both men and women in Malawi and Mozambique have the 

highest mean SBP (Figure 1) [3]. Similar trends are only found 

in Niger and Guinea. In contrast, countries like Brazil and 

those from Eastern Europe record a higher SBP in men than in 

women, not in both [3]. 

Generally, the mean standardized DBP is decreasing in 

high-income countries while increasing rapidly in Central and 

Eastern Europe, South Asia, and sub-Saharan Africa (Figure 

2). The DBP is the same for both men and women in Malawi. 

Thus, for a country like Malawi, both the SBP and DBP need 

to be reduced to manageable levels to decrease untimely 

deaths associated with high SBP and DBP, which in most 

cases are misdiagnosed. Although some factors that are 

leading to the decrease in hypertension in high-income 

countries are apparent, such as high levels of hypertension 

awareness, easy availability of treatment options, easy access 

to fresh fruits and vegetables all year round, and access to 

social and corporate sports facilities, there are possibilities 

that there are other obscure factors that may contribute the 

observed differences in different countries that still need to be 

understood. Specifically, more hypertension data is required 

from low-income countries. 

An estimated 7.7–10.4 million annual deaths are 

attributable to high blood pressure. This number is based on 

CVDs and kidney diseases [17]. In general, hypertension is 

highly associated with kidney diseases. The low-income and 

middle-income countries contributed up to 88% of high blood 

pressure-associated deaths [17]. Even though the high-income 

countries have the largest elderly population, which is usually 

prone to high blood pressure, their high blood 

pressure-associated deaths have been declining in the range of 

20–30% annually [17], while the low-income countries with 

the most significant youth population deaths associated with 

high blood pressure are on the rise. 

1.2. Hypertension and Cardiovascular Disease (CVD) 

Extensive cohort studies have demonstrated that high BP is 

a significant risk factor for heart failure, atrial fibrillation, 

chronic kidney disease, heart valve diseases, aortic syndromes, 
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and dementia, in addition to coronary heart disease and stroke 

[19]. Hypertension accelerates the development of 

atherosclerosis and vascular lesions [20]. Thus, reducing 

age-related factors that increase blood pressure can potentially 

reduce CVD. Indeed, several randomized trials have shown 

that preventative BP management is associated with a reduced 

risk of death from CVD and a higher survival rate [20, 21]. 

Nutritional, environmental, and behavioral factors during 

pregnancy, birth, and old age can contribute to the 

development of hypertension. Among the high-risk 

populations, such as those with chronic kidney disease, 

diabetes, or the elderly, hypertension is the major cause of 

CVD [20, 22]. Indeed, among all known risk factors for CVD, 

hypertension remains the highest risk factor. Thus, the 

reduction of BP also reduces the incidences of CVD. Multiple 

clinical trials have shown that a reduction of systolic BP by 

3-5 mm Hg reduces stroke risk by 2-3% and has a 16% 

reduction in coronary disease development [23]. 

The high-risk individuals should aim to achieve a BP target 

of less than 130/80 mm Hg to reduce incidences of CVD or 

stroke. It should also be emphasized that these individuals 

need regular BP check-ups and appropriate treatment options 

at the earliest possible stage of diagnosis. 

 

Figure 1. Age-standardized mean systolic blood pressure by country in 2015. Adapted from Zhou et al., 2017 [4], CC BY 4.0 

(https://creativecommons.org/licenses/by/4.0/). 
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Figure 2. Age-standardized means diastolic blood pressure by country in 2015. Adapted from Zhou et al., 2017 [4], CC BY 4.0 

(https://creativecommons.org/licenses/by/4.0/). 
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Figure 3. Global deaths attributed to high systolic blood pressure. Courtesy of Marczak et al., 2018 [18]. (https://creativecommons.org/licenses/by/4.0/). 
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2. Pathophysiology of Hypertension 

Generally, clinical hypertension is categorized into primary 

(or essential) and secondary hypertension. Most hypertension 

cases fall under primary hypertension, associated with 

environmental or genetic causes. Primary hypertension 

represents between 85% and 95% of human cases [24]. 

Hypertension cases identified with a known underlying 

condition are classified as secondary hypertension. These 

underlying conditions include kidney disease, adrenal disease, 

hyperparathyroidism, thyroid disease, tightening of the aorta, 

and obstructive sleep apnea [25]. 

Several models have been devised to explain the elusive nature 

of primary hypertension and sometimes to give more insights 

into secondary hypertension. Decades of research on 

hypertension have shown that there are specific perturbations in 

the renal functions, cardiovascular factors, central nervous 

system, and endocrine factors that play critical roles in the 

development of hypertension. Elegant research done by Page and 

colleagues produced the Mosaic model of hypertension [26]. 

This model presented the causes of hypertension as multifactorial. 

Indeed, subsequent research showed that several factors acting on 

the circulatory system are involved in hypertension. The 

multifactorial nature of hypertension is best illustrated by Dr. 

Page’s iconic octagonal diagram (Figure 4) [26]. 

 

Figure 4. The original (A) and revised (B) Mosaic Theories proposed by Page [26]. 

Analysis of Figure 4B shows eight factors involved in 

hypertension development: hemodynamics, genetic, 

environmental, anatomical, adaptive, neural, endocrine, and 

humoral. Some of these factors will be discussed in this review. 

Because of the multifactorial nature of hypertension, tackling 

one aspect does not always mean a reduction of high BP. 

3. Hypertension Genetics 

The relationship between genes and hypertension is still an 

ongoing active research field. Heritable Mendelian forms of 

hypertension are associated with several single-gene 

mutations, such as those linked to glucocorticoid remedial 

hypertension, pseudohyperaldosteronism, 

aldosterone-producing adenomas, and missense mutations of 

the mineralocorticoid receptor [27]. Although hypertension 

has been shown to run in families [10, 11], the genetic basis of 

this is still unknown. Specific enzymes, channels, and 

receptors involved in sodium homeostasis and genes involved 

in the structure and regulation of vascular tone have been 

implicated in the development of hypertension [28]. Africans 

tend to have a higher propensity for developing hypertension 

than other ethnic groups, although the genetic basis behind 

this is still unknown. Nevertheless, 30 to 50% of blood 

pressure is attributed to hereditary [28]. Multiple genetic 

variants have been identified using the "common 

disease-common variant" hypothesis and Genome-Wide 

Association Studies (GWAS). More work is still needed to 

elucidate more variants that GWAS does not detect. A deeper 

understanding of rare variants combined with functional 

studies can improve patient care and antihypertensive 

treatment outcomes [29]. 

4. Antihypertensive Drugs 

There are many classes of antihypertensive drugs. These 

include first-line therapies such as thiazide diuretics, 

β-blockers, ACE inhibitors, angiotensin receptor blockers, 

and calcium channel blockers. Globally, hypertension 

treatment is not encouraging, with only 36.9% of the world 

population able to control both systolic and diastolic BP [3]. 

This figure is even lower in developing countries, about 8% 

[30]. Recent studies on hypertension treatment in sub-Saharan 

Africa showed that 21% of patients received monotherapy, 

42.6% two-drug combinations, and 26.6% three-drug 

combinations [31]. Sub-Saharan Africa has the highest 

incidence of hypertension in the world. Some of the disparities 

in the treatment of hypertension are attributed to the 
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trial-and-error approach for optimal drug regimens. 

Individualized hypertension management, based on 

identifying BP levels and other cardiovascular risk factors, is 

highly recommended with the best doctor-patient relationship. 

Assessing and monitoring target organ damage for 

hypertensive patients is essential for better clinical outcomes. 

A recent study has shown that starting with a two-drug therapy 

has a much better treatment outcome than monotherapy [32]. 

Combined therapy in small doses has fewer side effects than 

large single doses and easily achieves rapid, effective, 

well-tolerated, and sustained BP control for individual patients 

[32]. 

 

Figure 5. Pharmacological effects of beta-adrenergic blockers, diuretics, adrenergic receptor blockers, angiotensin-converting enzyme inhibitors (ACEI), 

angiotensin receptor blockers (ARB), and calcium channel blockers (CCBs). Both ACEI and ARB act on the renin-angiotensin-aldosterone system (RAS). 

5. Pharmacological Treatment of 

Hypertension 

5.1. Diuretics 

Diuretics are highly recommended for treating 

hypertension in elderly, obese, and female patients [33]. 

Diuretics includes chlorthalidone and hydrochlorothiazide. 

They have been grouped into six classes: thiazide diuretics, 

loop diuretics, potassium-sparing diuretics, aldosterone 

receptor antagonists, carbonic anhydrase inhibitors, and 

osmotic diuretics; the last ones are generally not used in 

hypertension (Table 1). They are relatively cheaper and have 

high patient tolerance and mild side effects [34]. They 

generally have a rapid antihypertensive impact. Diuretics 

help the body to get rid of salt and water. 

5.2. Beta-Adrenergic Blockers 

Beta-adrenergic blockers (β-blockers) slow down the heart 

by blocking hormones such as adrenaline [35]. They mainly 

treat CVD, coronary heart disease, heart failure, arrhythmia, 

and cardiomyopathy. They are usually not recommended as 

first-line treatment for hypertension. They have been 

implicated in significant increases in stroke, mortality, 

worsening of insulin-dependency diabetes, and poor 

cardiovascular system protection [35]. The commonly 

prescribed beta-blockers include atenolol, bisoprolol, 

carvedilol, labetalol, metoprolol, propranolol, and sotalol. 

5.3. Calcium Channel Blockers 

Calcium channel blockers (CCB) or calcium channel 

antagonists are generally better than beta-blockers and are one 

of the most prescribed antihypertensive drugs [36]. They 

prevent significant vessel stiffness in elderly patients. CCBs 

are grouped into dihydropyridine and nondihydropyridine. 

CCBs act differently on blood vessels and have variable 

duration of action, selectivity, side effects, and mechanism of 

action [37]. 

5.4. Angiotensin-Converting Enzyme Inhibitors 

Angiotensin-converting enzyme Inhibitors (ACEIs) drugs 

act on the Renin-Angiotensin-aldosterone System (RAS), 

inhibiting the conversion of angiotensin I to angiotensin II, 

thereby preventing vasoconstriction [38]. Because of their 

excellent antihypertensive effect, they are recommended as 

first-line treatment for hypertension in most countries. They 

also lower CVDs in most hypertensive patients [38]. Some of 

the prescribed ACEIs and their side effects are presented in 

Table 1. 

5.5. Angiotensin Receptor Blockades 

Angiotensin Receptor Blockades (ARBs) are another 

excellent first-line drug that selectively blocks angiotensin 

receptor II, inhibits the aldosterone system, reduces sodium 

and water retention, lowers BP, and protects the nervous and 

kidney systems [39]. ARBs have fewer side effects compared 

to ACEIs. 
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Table 1. List of common drugs and their main adverse reactions in Antihypertensive treatment. 

Types of 

Pharmacological 

Antihypertensive Drugs 

Subtypes Drug Name Main Side Effects References 

Diuretics 

Aldosterone 

Receptor Antagonist, 

mineralocorticoid 

receptor antagonist 

(MRA) 

Eplerenone, Spirinolactone, Finerenone  

Increases blood potassium 

levels, Gynecomastia, 

Frequent urination 

[40] 

Thiazide Diuretic 
Hydrochlorothiazide, Metolazone, Chlorthalidone, 

Methyclothiazide, Indapamide 

Urinating more often, 

Too little sodium in the blood, 

Hypokalaemia 

[41] 

Loop Diuretic 

Bumetanide, 

Ethacrynic acid, 

Furosemide, 

Torsemide  

Hypokalaemia [41] 

Potassium-Sparing 

Diuretic 

Amiloride, 

Eplerenone, 

Spironolactone,  

Triamterene  

Hyperkalemia [42] 

Calcium Channel 

Blockers (CCBs) 

Dihydropyridine 
Nifedipine, Isradipine, Felodipine, Nicardipine, 

Nisoldipine, Lacidipine, Amlodipine, and Levamlodipine 

Edema, Reflex tachycardia, 

Flushing, Ankle edema 
[43] 

Non-dihydropyridine Diltiazem and Verapamil 

Worsening cardiac output, and 

Bradycardia, Atrioventricular 

block 

[43] 

β- Adrenergic blockers  

Atenolol, 

Bisoprolol, 

Carvedilol, 

Metoprolol, 

Nebivolol, 

Propranolol 

Slow heartbeat, 

Bronchospasm, 

Dizziness, 

Tiredness, 

Blurred vision 

[44] 

Angiotensin-converting 

enzyme Inhibitors 

(ACEIs) 

 

Benazepril,  

Captopril, Enalapril, Fosinopril, 

Lisinopril, 

Moexipril, Perindopril, 

Quinapril, 

Ramipril, Trandolapril. 

Angioedema 

Dry cough, 

Hyperkalaemia, 

Extreme tiredness or dizziness 

from blood pressure going too 

low, 

Headaches, 

Loss of taste 

[45] 

Angiotensin Receptor 

Blockades (ARBs) 
 

Azilsartan, 

Candesartan, 

Eprosartan mesylate, 

Olmesartan, 

Irbesarten, 

losartan potassium, 

Telmisartan, 

Valsartan 

High potassium levels, Leg 

swelling 
[46] 

Combination 

hypertensive drugs 
 

Diuretic combinations: Amiloride and 

Hydrochlorothiazide, Spironolactone and 

Hydrochlorothiazide, Triamterene and 

Hydrochlorothiazide. Beta blockers and diuretics: Atenolol 

and Chlorthalidone, Bisoprolol and Hydrochlorothiazide, 

Metoprolol and Hydrochlorothiazide, Nadolol and 

Bendroflumethazide, Propranolol and 

Hydrochlorothiazide, Propranolol ER and 

Hydrochlorothiazide, Timolol and Hydrochlorothiazide. 

ACE inhibitors and diuretics: Benazepril and 

Hydrochlorothiazide, Captopril and Hydrochlorothiazide, 

Enalapril and Hydrochlorothiazide, Lisinopril and 

Hydrochlorothiazide, Moexipril and Hydrochlorothiazide. 

Angiotensin-II receptor antagonists and diuretics: Losartan 

and Hydrochlorothiazide, Valsartan and 

Hydrochlorothiazide. Calcium channel blockers and ACE 

inhibitors: Amlodipine and Benazepril, Diltiazem and 

Enalapril, Felodipine and Enalapril, Verapamil and 

Trandolapril 

The specific adverse reactions 

vary in different drug 

combinations. 

[47] 
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6. Resistant Hypertension 

Resistant hypertension happens when patients do not 

respond effectively to three or more antihypertensive drugs, 

including diuretics when taken in the correct combination and 

at tolerable doses [48, 49]. The prevalence of resistant 

hypertension is estimated in 9–18% of hypertensive patients 

[48]. The major problem of most resistant hypertension 

patients is non-adherence to medication and lifestyle changes. 

Indeed, the research conducted by Galletti and Barbato (2016) 

showed that 75% of patients diagnosed with resistant 

hypertension did not adhere to the recommended daily sodium 

intake [50]. This poses a considerable challenge to medical 

doctors as it is critically important to rule out “pseudoresistant” 

hypertension from “true-resistant” hypertension. 

Pseudoresistant hypertension is associated with poor 

adherence to antihypertensive therapy, lifestyle changes, and 

high sodium intake. In most cases of true resistant 

hypertension, there are myriad underlying medical conditions 

such as blood pressure-associated hormonal abnormality, 

renal artery stenosis (artery-clogging plaque in blood vessels), 

obstructive sleep apnea, obesity, and heavy intake of alcohol 

[51] (Figure 6). It is very important to screen for secondary 

hypertension when diagnosing resistant hypertension. 

Secondary hypertension traits include obstructive sleep apnea, 

primary aldosteronism, chronic kidney disease, 

pheochromocytoma, and cushing syndrome. 

Patients with resistant hypertension need strict lifestyle 

changes and medication adherence [49]. 

 

Figure 6. Diagnosis of resistant hypertension. ABPM indicates ambulatory blood pressure monitoring. 
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7. Herbs for Hypertension 

Several plants have been recommended to treat 

hypertension, although their mode of action, safety, and 

efficiency are unknown [52-54]. They are popular in most 

developing countries because most people cannot afford 

pharmaceutical drugs or have no access to medical doctors, 

devices, or training to check their blood pressure regularly. 

Some herbs used for treating hypertension and their mode of 

action are given in Table 2. More studies are needed on these 

plants to identify their active ingredients [55, 56]. 

Table 2. Medicinal plants in treating hypertension and their proposed mode of action. 

Antihypertensive Herbs Molecular Mechanism of Action Antihypertensive Effects References 

Apium graveolens Blocking calcium channels 
Reduce blood pressure 

Decrease vascular resistance 
[57] 

Coptis chinensis 

Increases HO-1 enzyme 

amelioration of oxidative stress 

elevates the expression of eNOS with a 

concomitant rise in NO release 

Hypotensive effect 

Relaxing arterial tissues 

Vasorelaxant activities 

Vasodilation 

[58] 

Coriandrum sativum 
Decreases NF-Κb 

antioxidant activities 

Reduction in SBP, DBP, and mean arterial blood pressure 

Diuretic effects 

Vasorelaxant activities 

[59] 

Hibiscus sabdariffa 

Lowers uric acid concentration 

Reduces plasma Na+ levels 

Inhibition of ACE activity 

blood pressure-lowering effects 

vasorelaxant activities 

Diuretic action 

[60] 

Bidens pilosa L 

Increases free radical scavenging 

Calcium channel antagonism 

Inhibits NF-κB and TNF-alpha activation 

Prevent and attenuate high blood pressure 

Vasorelaxant responses 

Vasodilation 

[61] 

Camelia sinensis 
Increases antioxidant enzymes 

an augmented release of NO 

Reduces both SBP and DBP 

Vasorelaxant responses 

Endothelial dependent dilation 

[62] 

Nigella sativa 

Decrease inflammatory mediators (TNFα, IL-6) 

generation of TNF-α and NF-κB 

an endogenous inhibitor of Enos 

increases HO-1 enzyme expression 

Improvement in renal function and antioxidant activity 

Reduces both SBP and DBP 

Vasorelaxant responses 

Diuretic action 

[63] 

Salvia miltiorrhiza Activating eNOS-NO signaling 

relaxes the vasculature via endothelium-dependent and 

endothelium-independent mechanisms 

Lowers blood pressure 

[64] 

Tribulus terrestris 

NO release 

membrane hyperpolarization 

Stimulate angiogenesis 

inhibit Ang II-induced production of H2O2 

Lowers blood pressure 

Diuretic action 
[65] 

Allium sativum 
Inhibits Angiotensin Converting Enzyme (ACE) 

Increases NO, eNOS, H2S, 

Reduction of either SBP, DBP, or both 

Vasodilation 

Vasorelaxant activities 

[66] 

 

8. Conclusion 

Hypertension as a chronic medical condition increases with age. 

In developing countries, not only the elderly but also the youths are 

affected by hypertension at alarming rates. Some causes of 

hypertension include limited access to community health workers, 

health coaches, antihypertensive medications, unhealthy diets 

including high consumption of salt, low consumption of fresh 

fruits, a high prevalence of maternal and childhood undernutrition, 

and lack of physical activity due to a busy lifestyle. 

Cases of resistant hypertension complicate matters and 

need special attention and further medical research. 

Although some plants have shown antihypertensive 

activities, their safety, efficiency, and mode of action need 

further research. 

In developing countries, it is imperative to increase the 

awareness of hypertension and the availability of hypertension 

drugs. For communities located in inaccessible rural areas, 

training and equipping community leaders in hypertension 

awareness and measurement can assist most people in these 

communities and hopefully reduce fatal hypertension cases. 
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