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ABSTRACT 

 

Recent scientific findings indicate that 

hypertension is a largely genetically driven 

condition; one of today’s leading global health 

issues. There are many identified gene 

mutations associated with different aspects 

involving blood pressure control that lead to 

hypertension. More recently, certain specific 

genetic variants related to blood pressure control 

have been found using the modern techniques of 

genetic analysis that may assist in developing 

custom strategies to prevent and treat 

hypertension. 

The aim of this article is to highlight genetic 

aspects of hypertension and use them to 

establish individual therapy. It looks at the 

influence of genetic diversity on sodium 

resorption, skeletal muscle contraction, and drug 

pharmacokinetics. These studies indicate that 

GWAS has identified some genetic variants for 

hypertension and developed some genetic risk 

score (GRS) which can be used for prediction 

purpose. 

Therefore, genetic contribution is significant in 

establishing as well as sustaining high blood 

pressure. Knowledge about genetics regarding 

hypertension may change the way it is addressed 

on a person-by-person basis. Nevertheless, 

research needs to tackle the challenge of 

validating associations among diverse 

populations while developing a mechanism for 

translating genetic findings into clinical 

practice. Thus, we would enhance preventive, 

diagnostic and therapeutic measures for many 

people globally. 

 

Keywords: Hypertension; Genetic factors; 

Blood pressure regulation; Genome-wide 

association studies (GWAS); Personalized 

medicine approaches. 

 

INTRODUCTION 

Millions of people worldwide are affected 

with hypertension, often known as high 

blood pressure, which continues to be a 

major global health concern.[1] Around the 

world, hypertension is a key factor in 

premature death. The reduction of 

hypertension prevalence by 33% between 

2010 and 2030 is one of the global targets 

for noncommunicable diseases. Globally, an 

estimated 1.28 billion people aged 30 to 79 

years suffer from hypertension, with the 

majority (two-thirds) living in low- and 

middle-income countries. Adults suffering 

from high blood pressure are 46% less 

aware of their disease. Nearly one in five 

(21%) individual’s who have hypertension 

have it under control.[2] Chronic stress, a 

poor diet, and sedentary habits have 

historically been linked to hypertension. The 

crucial importance of genetic variables in 

hypertension susceptibility has, however, 

been highlighted by new genetic study 

results. [3] The disease development is 
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complex and involves multiple causals in 

the form of gene-environment interplay 

which plays the key role. There are several 

factors that contribute significantly to an 

individual’s vulnerability to high blood 

pressure, such as genetic factors.[4] Better 

insight into the genetic basis of this illness 

may assist in enhancing the treatment 

outcomes of patients by developing novel 

diagnostic methods. Knowledge about 

genetic factors is critical for many subject 

areas including medicine and biology. Such 

a deep understanding about certain genes 

that can contribute into different health 

problems and even affect an individual’s 

physical appearance should be used as a tool 

for screening health risks and designing 

targeted medical approach. Additionally, 

gene studies may add a lot of information 

towards the understanding of how evolution 

works and about the variations that are 

common in different groups. To sum up, the 

knowledge of genetics represents a 

cornerstone in developing medical science 

and gaining insight into human genetics in 

general. [5-6] 

This article focuses on exploring what 

genetic factors have to do with hypertension 

and what the prevalence of disease is seen 

across countries around the world as well 

other issues including genetic risks and the 

pathways through which genes affect blood 

pressure, clinical implications, 

methodology, and the main outcomes of 

studies reviewed This review reviews some 

recent advances on the genetics of 

hypertension as a guide toward future 

studies by considering their clinical 

relevance. 

 

GENETICS AND HYPERTENSION 

Hypertension can be developed due to 

genetic factors. Research has demonstrated 

the significance of genetic variations in the 

control of blood pressure and the etiology of 

hypertension. [7-8] Hypertension refers to an 

abnormal state of higher-than-normal 

measurements of SBP and DBP. However, 

thresholds of this condition differ between 

guidelines, but usually a blood pressure 

reading above 130/80 mmHg can be 

classified as hypertension. [9-10] This 

hypertension is a widespread issue with 

more than 1 billion people experiencing it 

all over The condition is found in different 

populations, but some ethnicities are more 

prone to it. Hypertension is a major cause of 

many cardiovascular diseases such as 

strokes, heart attack, kidney failures among 

others. [11] Studies from family and twins 

indicate that genetics play an important role 

in the development of this condition. 
[12] Approximately 30-50% of blood 

pressure variability is heritable.[12]  It allows 

in identifying unique genetics risks that 

have been associated with the development 

of hypertension. 

 

GENETIC RISK FACTORS 

GENETIC POLYMORPHISMS 

ASSOCIATED WITH HYPERTENSION 

Renin Angiotensin Aldosterone System 

Genes 

A confluence of environmental and genetic 

factors contributes to the complicated 

disease of hypertension. The renin-

angiotensin-aldosterone system (RAAS) is 

important for controlling blood stress and 

fluid-electrolyte equilibrium. Interventions 

aimed at treating high blood pressure 

usually centre on this system.[13] The RAAS 

genes, including angiotensinogen (AGT), 

angiotensin-converting enzyme (ACE), and 

angiotensin II type 1 receptor (AT1R), have 

been extensively studied in relation to 

hypertension. Numerous studies have 

reported associations between specific 

genetic polymorphisms within these genes 
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and increased hypertension risk.[14] For 

instance, the AGT M235T polymorphism 

[15] has been linked to elevated blood 

pressure levels and increased susceptibility 

to hypertension. Similarly, the ACE 

insertion/deletion (I/D) polymorphism has 

shown significant associations with 

hypertension, with the D allele being 

associated with higher blood pressure levels. 

Peripheral vascular disease (PVD) and 

polymorphisms in the renin-angiotensin 

system (RAS) genes have been the subject 

of numerous studies, although the results of 

these investigations have been inconsistent. 

Due to its functional importance, the 

angiotensin-converting enzyme (ACE) 

insertion/deletion (I/D) polymorphism [15-16] 

has received special attention among the 

assortment of RAS candidate gene variants. 

The ACE gene, which has 26 exons and 25 

introns, is found on the long arm of human 

chromosome 17 (17q23). [17] The ACE I/D 

polymorphism is caused by the presence or 

lack of a 287-base pair Alu repeat sequence 

in intron 16 of the ACE gene (dbSNP 

rs1799752, chromosomal location 

63,488,529 GRCh37).[18] It is known that 

the I/D (ACE I/D) polymorphism is 

responsible for almost half of the overall 

phenotypic variation of circulating 

(intracellular) and tissue (tissue) ACE in 

Caucasian individuals, with increased serum 

ACE levels and activity in carriers of the D 

allele. The DD genotype and D allele were 

also found to be strongly associated with 

hypertension in different populations [16-19]  

In summary, four polymorphisms in the 

RAAS were chosen due to their importance 

in the pathophysiology of hypertension. 

Numerous disorders have been linked to the 

reference SNP identification (rs) of ACE, 

rs1799752, an insertion/deletion (I/D) 

polymorphism. The D allele is linked to an 

increased risk of hypertension and 

preeclampsia, among other conditions, due 

to its enhanced activity, which is unrelated 

to angiotensin II production.[20] Angiotensin 

II, a powerful vasoconstrictor, is produced 

when AGT is converted by ACE; M235T 

(rs699) is a nonfunctional polymorphism, 

but 235 is in linkage equilibrium with 

6A.[21] In both transgenic mice and humans, 

elevated blood pressure is linked to the 

AGT haplotype 1 mutations 217A, 6A, 

+507G, and +1164A.21 Angiotensin II's 

prohypertensive impact is caused by 

AGTR1 being occupied, which causes 

vasoconstriction and sodium retention.[22]  

Hypertension is linked to polymorphisms of 

AGTR1, such as rs5186.[23] Aldosterone can 

elevate blood pressure via increasing 

vascular smooth muscle contractility and 

renal salt transport, among other 

mechanisms, via mineralocorticoid and non-

mineralocorticoid receptors.[24] The genetic 

polymorphism CYP11B2 rs1799998 in 

aldosterone synthase, which is required to 

synthesise aldosterone, is linked to 

hypertension. [24-25] A subsequent meta-

analysis, however, was unable to 

demonstrate a connection between the SNPs 

in the ACE, AGT, and CYP11B2 genes and 

hypertension.[26] Despite numerous attempts 

to connect ACE I/D polymorphism to HTN, 

the findings are still debatable.[27-29] The 

observed difficulties in obtaining uniformity 

within these research may be due to several 

methodological restrictions, including 

insufficient sample numbers, ethnic variety, 

potential selection biases, environmental 

impacts, and inherent population-specific 

variances.[30] 

 

Endothelial Nitric Oxide Synthase 

(eNOS) Gene 

Nitric oxide, a powerful vasodilator 

produced by the eNOS gene, is essential for 

controlling blood pressure.[31] Nitric oxide 
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generation may be hindered as a result of 

genetic abnormalities in the eNOS gene, 

which could eventually result in 

hypertension.[31] 

The endothelial nitric oxide synthase 

enzyme, which is mostly expressed in the 

endothelial cells lining blood arteries, is 

encoded by the eNOS gene.[32] Nitric oxide 

(NO), a chemical that relaxes and dilates 

blood vessels and controls blood pressure, is 

produced in large part by this enzyme. [32-33] 

As a vasodilator, nitric oxide relaxes the 

smooth muscles in blood vessel walls to 

increase blood flow. Additionally, it lessens 

the likelihood of arterial stiffness and 

hypertension by preventing the growth of 

vascular smooth muscle cells. As a result, 

maintaining normal blood pressure depends 

on appropriate nitric oxide generation.[34] 

The eNOS gene's expression and function 

can be influenced by certain genetic 

variants, such as single nucleotide 

polymorphisms (SNPs).[35] The Glu298Asp 

polymorphism is the SNP that has been 

most thoroughly investigated in relation to 

hypertension. [36-37] This mutation has been 

linked to decreased eNOS activity and 

insufficient nitric oxide synthesis, which 

raises blood pressure.[38] 

The association between eNOS gene 

polymorphisms and hypertension has been 

studied extensively. [39-40] According to 

research, those with the Glu298Asp 

polymorphism are more likely to develop 

hypertension than those without the 

variant.[41] T-786C and 4a/b are two more 

eNOS gene polymorphisms that have also 

been linked to elevated blood pressure 

levels.[42] 

The importance of nitric oxide in controlling 

blood pressure has drawn attention to 

treatment strategies that target the eNOS 

pathway. Nitric oxide donors, eNOS 

activators, and eNOS gene therapy are some 

of the tactics being investigated to boost 

nitric oxide synthesis and bring blood 

pressure levels back to normal.[43] 

Understanding how the eNOS gene affects 

blood pressure control has significant 

clinical implications that make it possible to 

identify at-risk people early and provide 

them with individualised care. It is possible 

that additional study in this area will lead to 

the development of innovative therapeutic 

strategies for the efficient treatment of 

hypertension. 

 

Alpha-Adducin (ADD1) Gene 

The Alpha-Adducin (ADD1) gene exerts a 

notable influence on the initiation and 

advancement of hypertension, primarily 

affecting the regulation of blood pressure by 

modulating sodium reabsorption within the 

renal system.[44] Gaining insights into the 

genetic underpinnings of hypertension holds 

the potential to open doors for tailored 

therapeutic approaches and enhanced patient 

results. 

Hypertension is a multifaceted condition 

influenced by genetic and environmental 

factors. The discovery of hypertension-

related genes has spurred novel research and 

treatment prospects. The chromosome 4-

based ADD1 gene, extensively investigated, 

plays a key role in blood pressure 

regulation.[45] 

ADD1 gene, which produces alpha-adducin 

protein is pivotal for regulating sodium 

transport in kidney.[46] Increased sodium 

retention elevates blood volume, 

subsequently raising blood pressure, making 

sodium reabsorption a critical determinant 

of blood pressure.[47] Genetic changes in the 

ADD1 gene can disrupt alpha-adducin's 

sodium regulation, leading to elevated blood 

pressure. 

Several genetic variants of the ADD1 gene 

have been identified, with the most studied 
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being the Gly460Trp polymorphism. [48-49] 

This variant has been associated with 

increased hypertension risk in various 

populations.[49] Individuals carrying the Trp 

allele exhibit enhanced sodium 

reabsorption, leading to higher blood 

pressure levels.[50] Understanding these 

genetic variants can aid in identifying 

individuals at higher risk for hypertension 

and implementing preventive measures. 

 

Beta-Adrenergic Receptor (ADRB) Genes 

The ADRB genes are central to the 

development and progression of 

hypertension, impacting blood pressure 

regulation, vascular tone, and responses to 

antihypertensive drugs.[51] These genes 

encode beta-adrenergic receptors, crucial for 

regulating the body's reaction to stress 

hormones like adrenaline and noradrenaline. 

Mainly located in the heart, lungs, and 

blood vessels, they control heart rate, 

contractility, and vascular tone. [52-53] 

Numerous studies have pinpointed specific 

genetic variations within ADRB genes 

linked to a higher hypertension risk.54 For 

example, ADRB1 gene variant Arg389Gly 

associates with elevated blood pressure and 

hypertension susceptibility.[55] Similarly, 

ADRB2 gene variant Gly16Arg relates to 

altered receptor function and increased 

hypertension risk.[56] 

ADRB genes influence blood pressure by 

affecting heart rate, cardiac output, and 

vascular tone. Gene variants can alter 

receptor function, impacting the body's 

response to stress hormones, leading to 

heightened sympathetic activity, 

vasoconstriction, and elevated blood 

pressure.[57] Furthermore, ADRB genes 

significantly influence individual responses 

to antihypertensive medications.[51] Genetic 

variations within these genes can affect the 

effectiveness and side effects of beta-

blockers, a commonly prescribed 

antihypertensive class. For instance, certain 

ADRB1 gene variants may enhance beta-

blocker response, while ADRB2 gene 

variants could reduce efficacy or lead to 

adverse reactions.[58] Genetic variations 

within these genes can increase an 

individual's susceptibility to hypertension 

and influence their response to treatment. 

By unraveling the intricate relationship 

between ADRB genes and hypertension, we 

can pave the way for personalized medicine 

approaches that target the underlying 

genetic factors contributing to this prevalent 

health condition. 

 

Sodium and potassium transport genes 

[ATP1A1 and SLC12A2] 

Sodium-Potassium ATPase Gene 

(ATP1A1):  

The sodium-potassium ATPase gene 

regulates the movement of sodium and 

potassium ions across cell membranes. It 

maintains the electrochemical gradient 

necessary for various physiological 

processes, including nerve transmission and 

muscle contraction.[59] Dysregulation or 

mutations in ATP1A1 can disrupt the 

normal functioning of the sodium-potassium 

pump. This disruption leads to an imbalance 

in sodium and potassium levels, favoring 

sodium retention and potassium 

excretion.[60] Increased sodium retention 

contributes to extracellular fluid volume 

expansion, leading to elevated blood 

pressure. Decreased potassium excretion 

impairs vasodilation and promotes 

vasoconstriction, further exacerbating 

hypertension.[60] 

 

Sodium-Potassium-Chloride 

Cotransporter Gene (SLC12A2)  

The sodium-potassium-chloride 

cotransporter gene, known as SLC12A2, 
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plays a crucial role in facilitating the 

transportation of sodium, potassium, and 

chloride ions across cell membranes.[61] This 

gene is essential for maintaining the delicate 

balance of electrolytes and regulating blood 

pressure within the body. However, any 

dysregulation or mutations in the SLC12A2 

gene can disrupt this balance, particularly 

affecting the reabsorption of sodium and 

potassium ions in the kidneys.[61] 

Consequently, this disruption can lead to 

altered blood pressure regulation. When the 

SLC12A2 gene is dysfunctional, it can 

result in an increased reabsorption of 

sodium and a decreased reabsorption of 

potassium in the kidneys. [61] This 

imbalance significantly contributes to fluid 

retention, vasoconstriction, and ultimately 

elevated blood pressure.[62] The intricate 

mechanism of the SLC12A2 gene is crucial 

for maintaining the proper electrolyte 

balance and ensuring the efficient 

functioning of the kidneys in regulating 

blood pressure.[62] 

Understanding the scientific significance of 

the SLC12A2 gene is crucial for 

comprehending the mechanisms behind 

electrolyte balance and blood pressure 

regulation. 

 

CANDIDATE GENES AND 

HYPERTENSION 

ACE Gene 

The RAAS is a complex hormonal system 

that regulates homeostasis of the body. The 

ACE gene encodes for the ACE enzyme, 

which converts angiotensin I to angiotensin 

II, a potent vasoconstrictor. Angiotensin II 

in turn stimulates the release of aldosterone, 

a hormone that promotes sodium and water 

retention, leading to increased blood volume 

and elevated blood pressure.[63] 

The relationship between genetic variants in 

the ACE gene and hypertension has 

received substantial research. The 

insertion/deletion (I/D) polymorphism, 

which affects the presence or absence of a 

287-base pair DNA fragment in intron 16 of 

the ACE gene, is one of the most well-

known variations.[64] Higher ACE activity 

and an elevated risk of hypertension have 

been linked to the D allele.[65] 

Blood pressure regulation via ACE gene 

variations is a complicated matter involving 

multiple processes. Higher activity of ACE 

involving D-allele of ACE gene leads to 

increased angiotensin-II production.[65] The 

consequence is vasoconstriction, and 

retaining of salts and water resulting into 

high blood pressure.[64] In addition, the D 

allele is associated with higher levels of 

oxidative stress and inflammation which 

increase the risk of hypertension.[66] 

Given that the ACE gene plays a pivotal 

role in elevating blood pressure, targeting 

this pathway for possible therapy stands out 

as essential. Blocking the action of an ACE 

inhibitor class of antihypertensive drugs 

results in decreased production of 

angiotensin II and 

vasodilatation. Antihypertensive drugs have 

proved effective in reducing blood pressure 

and decreasing the chances of a 

cardiovascular event among hypertensive 

patients. 

 

AGT gene 

Another important member of RAAS is the 

AGT gene or the angiotensinogen gene. It 

codes for angiotensinogen, a precursor to 

angiotensin I produced by renin triggering 

the RAAS cascade. The ACE enzyme 

converts angiotensin I to angiotensin II.[67] 

Variations in AGT genes were found and 

analyzed concerning changes in blood levels 

of angiotensinogen. An example of this type 

of variation is the M235Tpolymorphism 

where Threonine [T] substitutes for 
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Methionine [M] at 235site in the 

Angiotensinogen gene.[68] Individuals 

carrying the T allele have been found to 

produce more angiotensinogen and therefore 

are at a greater risk for hypertension. [69-70] 

Increased production of angiotensin II is the 

link between AGT gene variants and 

hypertension. M235M variant of the M235T 

polymorphism carries elevated 

angiotensinogen levels which leads to more 

intense conversion to angiotensin I and 

subsequently produces more angiotensin 

II. This causes vasoconstriction, sodium and 

water retention and raised blood pressure.[70] 

Interventions directed at the AGT gene 

pathway are designed to lower angiotensin 

II production that leads to elevated blood 

pressure. ARBs act by blocking the 

interaction between angiotensin II and its 

receptors thereby stopping its 

vasoconstrictive and sodium retaining 

effects.[71] On another level, an alternative 

approach is using renin inhibitors that focus 

on the blocking of renin, enzyme that 

converts angiotensinogen into angiotensin 

I. Interventions like these have displayed 

positive results with respect to reduction of 

BP and cardiovascular risks in subjects of 

high blood pressure.[71] 

 

NPPA/NPPB Genes 

Atrial natriuretic peptide (ANP) is encoded 

by the NPPA gene while B-type natriuretic 

peptide (BNP) is encoded by NPPB 

genes.[72] They are important peptides 

involved in the regulation of blood pressure 

and body fluids through promotion of 

natriuresis and diuresis in the 

kidneys. Angiotensin II has vasoconstrictive 

actions, but these are opposed by the actions 

of ANP and BNP with their vasodilatory 

effects.[72] 

Association between genetic variants in 

NPPA/NPPB genes and hypertension has 

been examined. Examples of such 

polymorphisms include the T2238C SNP in 

the NPPA gene and the T-381C SNP in the 

NPPB gene.[73] Variants in these genes are 

associated with changes in ANP and BNP 

levels and higher chances of hypertension. 

ANP and BNP levels are modulated in 

relation to the interplay between 

NPPA/NPPB gene variants and blood 

pressure regulation. The lower ANP levels 

have been associated with the T2238C SNP 

in the NPPA gene while the T-381C SNP in 

the NPPB gene corresponds to the reduced 

concentration of BNP.74 Such changes in 

peptides may interrupt the equilibrium 

between vasoconstrictor and vasodilator 

elements leading to rise in blood pressure. 

[74-75] 

On the other hand, one of the possible 

therapeutic approaches for hypertension 

based on NPPA/NPPB genes may include 

administration of extracellular ANP and 

BNP antagonists as additives to address 

deficits of these peptides.[75] Another way to 

treat CHF involves developing new 

pharmaceuticals that would stimulate the 

synthesis or release of ANP and BNP. Both 

methods are geared towards the same end of 

restoring the equilibrium between 

vasoconstriction and vasodilation, which 

would result in a lowering blood 

pressure.[75] 

 

CYP11B2 Gene 

Aldosterone synthase, the final step in the 

synthesis of the hormone aldosterone, which 

is important in sodium-water balance, is 

encoded by the CYP11B2 gene.[76] Elevated 

blood volume and hypertension are a 

consequence of aldosterone’s action on the 

kidneys, facilitating salt reabsorption and 

potassium excretion. 

The effect of CYP11B2 genetic variants on 

aldosterone production has been 
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investigated. The C-344T polymorphism at 

position 344 of the CYP11B2 gene is one 

such mutation. It involves the substitution of 

thymine (T) for cytosine (C). In addition to 

increased risk of hypertension, the T allele 

is associated with elevated aldosterone 

levels.[76] 

Aldosterone synthase gene (CYP11B2) 

polymorphisms have been linked to high 

blood pressure and BP. Additionally, T 

carriers of the CYP11B2 344 C/T 

polymorphism showed higher urinary 

aldosterone excretion.[77] This process 

results in a cascade of sodium and water 

retention, expansion of blood volumes and 

ultimately, high blood pressure. 

Elucidation of the CYP11B2 gene pathway 

provides opportunities for the development 

of focused pharmacological interventions 

which may minimize the influence of 

aldosterone on blood 

pressure. Spironolactone and eplerenone are 

MRAs (mineralocorticoid receptor 

antagonists). These drugs block the binding 

of aldosterone with its receptors, which 

leads to decreased sodium reabsorption and 

potassium excretion. Thus, these drugs have 

succeeded clinically in lowering the blood 

pressure of persons affected by 

hypertension. 

 

Other Candidate Genes 

Many morе potеntial gеnеs havе also bееn 

linkеd to hypеrtеnsion, in addition to thе 

ACE, AGT, NPPA/NPPB, and CYP11B2 

gеnеs. Thеsе gеnеs play a role in oxidative 

strеss and vascular rеmodеling, among othеr 

physiological procеssеs. Oxidativе strеss 

and vascular rеmodеling gеnеs may havе an 

impact on blood pressure regulation.[78] 

Incrеasеd oxidative stress, inflammation, 

and vascular rеmodеling may bе causеd by 

variations in thеsе gеnеs, which may in turn 

contributе to hypеrtеnsion.[78] 

Expanding our knowlеdgе of thе intricatе 

gеnеtic basis of hypеrtеnsion rеquirеs morе 

rеsеarch into othеr potеntial gеnеs that havе 

bееn linkеd to thе disordеr. Wе can discovеr 

novеl mеchanisms and potеntial thеrapеutic 

targеts for thе trеatmеnt of hypеrtеnsion by 

discovеring and rеsеarching thеsе gеnеs.  

 

GWAS FINDINGS AND 

HYPERTENSION 

Challenges in Identifying Genetic 

Variants Associated with BP:  

Early attempts to identify genetic variants 

associated with BP were challenging and 

yielded relatively low results. The first 

genome-wide association study (GWAS) 

conducted in 2007 by the Welcome Trust 

Case Control Consortium (WTCCC) did not 

find any significant results for 

hypertension.[79] Similarly, the Framingham 

Heart Study, which included 1,400 family 

subjects, also found no significant results 

for quantitative BP phenotypes.[80] These 

studies highlighted the complexity of the 

genetic mechanisms underlying BP 

regulation and the need for larger sample 

sizes to identify genes associated with BP 

and hypertension. 

 

Enhancing Statistical Power and Success 

in GWAS:  

To enhance statistical power, international 

collaborations and consortia were 

established between studies. Additionally, 

focusing on associations with BP as a 

continuous variable rather than in case-

control studies proved to be successful. In 

2009, two large-scale meta-analyses 

conducted by the Global Blood Pressure 

Genetics (Global BPgen) [81]and Cohorts for 

Heart and Aging Research in Genomic 

Epidemiology (CHARGE)[82] consortia 

identified associations withstanding 

correction for multiple testing. These studies 
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included nearly 30,000 subjects at the 

discovery phase and found eight genomic 

loci, with three loci overlapping. The 

International Consortium for Blood Pressure 

(ICBP)[83] replicated these loci and 

discovered 16 new loci significant at the 

genome-wide level. Subsequent GWAS 

studies, including the UK Biobank 

participants, further expanded the number of 

significant loci associated with systolic BP, 

diastolic BP, and pulse pressure.[84] 

 

Genetic Variants Associated with BP in 

East Asian Populations:  

The first large meta-analysis of GWAS on 

BP traits among East Asians was conducted 

by the Asian Genetic Epidemiology 

Network (AGEN) consortium.[85] This study 

confirmed seven loci previously identified 

in the European population and identified 

six novel loci specific to East Asians. 

Another meta-analysis in a Han Chinese 

population replicated eight previously 

reported loci and discovered four novel 

loci.[86] These findings suggest the presence 

of allelic heterogeneity in BP regulation 

between Europeans and Asians, providing 

new mechanistic insights into hypertension. 

 

Genetic Variants Associated with BP in 

African-descent Populations:  

African-descent populations, being the most 

ancestral, have smaller regions of linkage 

disequilibrium due to the accumulation of 

more recombination events. GWAS 

performed on Africans require more single 

nucleotide polymorphisms (SNPs) with 

better overall genomic coverage.[87] 

Consequently, there are fewer loci reaching 

GWAS significance in African populations 

compared to Europeans or Asians. The 

largest GWAS performed in an African-

origin population identified nine loci with 

11 independent variants associated with 

SBP, DBP, hypertension, or combined 

traits.[88] 

The genetics of blood pressure regulation is 

a complex and multifactorial process. 

GWAS studies have made significant 

progress in identifying genetic variants 

associated with BP, particularly in European 

and Asian populations. These findings have 

shed light on the mechanistic insights into 

hypertension and have the potential to 

improve the diagnosis, control, and 

treatment of cardiovascular diseases. 

However, further research is needed, 

particularly in African-descent populations, 

to fully understand the genetic factors 

contributing to blood pressure regulation 

and hypertension. 

 

CLINICAL IMPLICATIONS  

Genome-wide association studies (GWAS) 

have revolutionized our comprehension of 

the genetic elements that impact the 

regulation of blood pressure (BP). In recent 

research,84 numerous significant loci linked 

to BP have been identified, shedding light 

on genes such as angiotensin-converting 

enzymes, voltage-dependent calcium 

channel auxiliary subunit, 

metallo­endopeptidase/neutral 

endopeptidase, adrenergic β 2B receptor, 

and phosphodiesterase 5a. Moreover, 

through pathway analysis, scientists have 

discovered associations with pathways 

directly related to cardiovascular disease. 

These findings, generated by human 

intellect and scientific exploration, have 

greatly enhanced our understanding of the 

intricate mechanisms governing BP 

regulation. 

 

Impact of GWAS on Hypertension Risk 

Assessment: 

The ICBP GWAS study [89] revealed a 

compelling correlation between an 
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individual's genetic risk score (GRS) and 

their blood pressure levels. The researchers 

found that those with higher GRS 

experienced significantly elevated systolic 

and diastolic blood pressure (SBP and DBP) 

compared to individuals with lower GRS. In 

fact, the difference in SBP and DBP 

between the top and bottom quintiles of the 

GRS was measured at 4.6- and 3.0-mm Hg, 

respectively. These findings suggest that 

GRS could serve as a valuable tool in 

assessing hypertension risk and guiding 

early lifestyle modifications. 

 

Personalized Prevention and Treatment 

The GWAS findings have also provided 

insights into personalised prevention and 

treatment strategies for hypertension. For 

example, the uromodulin gene (UMOD) has 

been associated with a lower risk of 

hypertension and reduced urinary UMOD 

excretion.[90] Uromodulin influences blood 

pressure through its effect on sodium 

hemostasis, and its modulation presents an 

opportunity for precision medicine and new 

drug development.[91] 

 

Ethnicity-Specific Loci and Pleiotropic 

Effects 

The AGEN study[85] identified an ethnicity-

specific locus on 12q24.13, where the 

acetaldehyde dehydrogenase (ALDH2) gene 

is located. This gene plays a key role in 

alcohol metabolism,[92] and certain variants 

result in an inability to metabolise 

acetaldehyde, leading to its accumulation. 

Interestingly, this locus exhibits a 

deleterious effect on blood pressure but has 

protective effects on HDL and LDL 

cholesterol, resulting in a net reduction in 

cardiovascular disease risk. 

While GWAS have provided valuable 

insights, they explain only a small 

proportion of the observed variation in traits 

such as BP. Next-generation sequencing and 

studies on gene-environment and gene-gene 

interactions may help uncover additional 

genetic factors. Genetic screening tests, 

although available through direct-to-

consumer companies, have limited clinical 

utility at present. However, the future 

application of genetic screening lies in 

identifying risk groups early in life and 

guiding targeted preventive measures and 

pharmacogenetic tests. In conclusion, 

GWAS have significantly contributed to our 

understanding of hypertension's genetic 

basis, identifying potential personalised 

prevention and treatment targets. While 

their clinical utility is currently restricted, 

ongoing research and advancements in 

genetic screening technology offer hope for 

improved risk assessment and the guidance 

of preventive measures in the future.[93] 

 

Future Prospective 

Further research is needed to identify 

additional genetic variants associated with 

hypertension, particularly in 

underrepresented populations such as 

African-descent populations. This will help 

improve our understanding of the genetic 

factors contributing to blood pressure 

regulation and hypertension across diverse 

populations. 

The integration of genetic information into 

routine healthcare practice holds promise 

for personalized medicine approaches in 

hypertension management. Genetic testing 

can help identify individuals at risk of 

developing hypertension and guide 

medication selection and dosage for optimal 

blood pressure control. Continued research 

into the underlying mechanisms of 

hypertension, such as the renin-angiotensin-

aldosterone system, endothelial dysfunction, 

oxidative stress, and sodium and potassium 

transport genes, can lead to the development 
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of more targeted and effective therapeutic 

strategies. The use of genetic information to 

tailor lifestyle interventions, such as dietary 

recommendations and physical activity 

plans, can improve blood pressure control 

and treatment outcomes. Further research is 

needed to explore the effectiveness and 

feasibility of implementing personalized 

lifestyle interventions based on genetic 

information. The translation of genetic 

findings into clinical practice poses 

challenges, including the need for 

standardized genetic testing protocols, 

integration of genetic information into 

electronic health records, and education of 

healthcare providers on the interpretation 

and application of genetic information. 

 

LIMITATIONS 

Many studies on genetic factors in 

hypertension have focused on specific 

populations, limiting the generalizability of 

the findings. More diverse and larger-scale 

studies are needed to validate the 

associations across different ethnic groups. 

The complex interplay between genetic and 

environmental factors in hypertension 

requires further investigation. Future 

research should aim to understand the 

interactions between genetic variations and 

lifestyle factors, such as diet, physical 

activity, and stress, in the development and 

progression of hypertension. The translation 

of genetic findings into clinical practice is 

still in its early stages. Standardized 

protocols for genetic testing, guidelines for 

interpretation of genetic information, and 

integration of genetic information into 

routine healthcare are needed to fully realize 

the potential of personalized medicine in 

hypertension management. 

The current understanding of the genetic 

factors involved in hypertension is 

incomplete. There may be additional genetic 

variants and pathways yet to be discovered 

that contribute to blood pressure regulation 

and hypertension risk. The impact of genetic 

variations on treatment response and 

medication efficacy in hypertension is still 

being explored. Further research is needed 

to determine the clinical utility of genetic 

testing in guiding medication selection and 

dosage for optimal blood pressure control. 

Ethical considerations, such as privacy and 

confidentiality of genetic information, need 

to be addressed when implementing genetic 

testing in clinical practice. Clear guidelines 

and regulations are necessary to ensure the 

responsible and ethical use of genetic 

information in healthcare. 

 

CONCLUSION 

In conclusion, hypertension is a complex 

and multifactorial condition influenced by 

both genetic and environmental factors. 

Genetic factors play a significant role in the 

development and progression of 

hypertension, with heritability estimates 

suggesting that approximately 30-50% of 

blood pressure variation can be attributed to 

genetic factors. 

Studies have identified several genetic 

polymorphisms associated with 

hypertension, particularly within genes 

involved in the renin-angiotensin-

aldosterone system (RAAS), endothelial 

nitric oxide synthase (eNOS), alpha-adducin 

(ADD1), beta-adrenergic receptors 

(ADRB), sodium and potassium transport 

genes (ATP1A1 and SLC12A2), and others. 

These genetic variations can impact blood 

pressure regulation, sodium reabsorption, 

vascular tone, and responses to 

antihypertensive medications. 

Genetic testing has shown promise in 

identifying individuals at risk of developing 

hypertension and guiding personalized 

treatment approaches. By analyzing specific 
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genetic variations, healthcare providers can 

tailor medication selection and dosage, 

leading to improved blood pressure control 

and treatment outcomes. 

Additionally, studies into possible 

therapeutic targets for hypertension, 

including RAAS, endothelial dysfunction, 

oxidative stress, and others, present chances 

for the creation of more efficient and 

individualised therapies. Targeting these 

underlying mechanisms can assist in 

addressing the underlying causes of 

hypertension and enhance patient outcomes. 

Overall, developing novel therapeutic 

approaches and applying personalised 

medicine techniques will be greatly aided by 

a thorough understanding of the genetic 

factors associated with hypertension. 

Healthcare professionals can optimise 

hypertension management and enhance 

patient outcomes by taking into account 

unique genetic and lifestyle factors. Further 

research is needed to fully elucidate the 

genetic underpinnings of hypertension and 

translate these findings into clinical practice. 
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