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Hypertension poses a significant global burden due to 

low adherence to antihypertensive medications. 

Hypertension treatment aims to bring blood pressure 

within physiological ranges and reduce the risk of 

cardiovascular disease and organ damage associated 

with high blood pressure. It is estimated that around 

1.13 billion people have hypertension, accounting for 

13% of all fatalities worldwide. The World Health 

Organization aims to reduce this number by 25% by 

2025 compared to the baseline year of 2010.1,2 Despite 

the availability of effective antihypertensive 

medications and decreased main risk factors, 

achieving optimal blood pressure control remains 

challenging for various reasons, including apparent 

drug resistance and poor compliance.3,4 One of the 

contributing factors to poor blood pressure control is 

the difficulty in predicting which antihypertensive 

medication will be most effective for a specific patient. 

An individualized approach to hypertension treatment, 

considering risk factors, pharmacokinetic properties, 

genetic phenotypes, and other patient-specific 

characteristics, holds promise. 

Pharmacogenomics and other 'omics' technologies can 

help identify genetic signals indicative of a favorable 

or unfavorable response to specific antihypertensive 

drugs. By conducting research in this field, we can 

better understand how to optimize blood pressure 

response using different classes of antihypertensive 

medications.4 Pharmacogenetics studies the genetic 

basis of medication response variability, particularly 

the influence of genetic factors on drug metabolism. In 

recent years, simple nucleotide polymorphisms 

(SNPs) have emerged as the primary genetic variation 

markers. High-throughput genotyping approaches can 

detect SNPs, which are widespread throughout the 

genome, often involve substitutions, and rarely result 

in mutations. SNPs in drug-metabolizing enzymes 

have been reliable indicators for dose-related 

treatment decisions. 

Genetic studies conducted over the past two decades 

have identified various genetic polymorphisms 

associated with hypertension, including changes in the 

number of tandem repeats, microsatellites, single 

nucleotide polymorphisms (SNPs), and 

insertions/deletions (I/D). These studies have also 

revealed significant inter-individual variability in 

responsiveness to antihypertensive medications, 

highlighting the importance of pharmacogenomic 

research and the potential for individualized 

pharmacological therapy. Genetic factors may 

contribute to a 30-50% increase in blood pressure.5 A 

comprehensive approach is required to advance 

personalized medicine, incorporating data and insights 

from genomic, genetic, and proteomic sciences. This 

applies to both approved medications and therapeutic 

candidates in various stages of clinical trials. 

Personalized medicine aims to administer the right 

drug to the right patient at the right time and dosage. 

By embracing this concept, we can significantly 

improve hypertension treatment outcomes.6 

The goal of personalized therapy for hypertension is to 

identify the most effective drug for reducing a patient's 

blood pressure. Conversely, an opposing viewpoint 

argues that individualized treatment helps eliminate 

the risks of adverse drug reactions and the use of 

ineffective medications. The issue of adherence 

problems further emphasizes the need for modifying 

hypertension treatment. As a result, personalized 

medicine, which tailors medical approaches and 

treatment plans to individual patient characteristics, is 

projected to become the standard of care in the future.7 

Antihypertensive pharmacogenomics research aims to 

improve cardiovascular disease (CVD) outcomes in 

treated hypertensive patients by identifying genetic 

factors that influence the variability in 

antihypertensive response. Although these genetic 

variables account for approximately 50% of blood 

pressure variation across populations, specific genes 

responsible for a significant portion of this variation 

have yet to be identified. The complexity of the 

condition is attributed to the influence of alleles at 

different loci through various pathways and the impact 

of environmental factors on the manifestation of the 

blood pressure phenotype. 

There is evidence supporting the hypothesis that 

genetics may contribute to individual variations in 

how people respond to blood pressure-lowering drugs. 

By incorporating genetic information, 

pharmacogenomics can provide insights into 

personalized treatment approaches. However, further 

research is needed to uncover the specific genes and 

pathways involved. Improving our understanding of 

the genetic basis of antihypertensive response 
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variability holds excellent potential for optimizing 

hypertension treatment. Personalized medicine, driven 

by pharmacogenomics, can revolutionize the 

management of hypertension and enhance patient 

outcomes.8 

A previously published study revealed that the 

response to angiotensin-converting enzyme (ACE) 

inhibitors was less favorable in black participants than 

in Caucasians. The study involved 56 white patients 

(aged 22 to 51) with untreated essential hypertension 

from the East Anglia region of the United Kingdom. 

These patients were alternately administered four 

major antihypertensive medications (beta-blockers, 

diuretics, calcium antagonists, and blockers). The 

study demonstrated that only 22 out of 56 patients 

initially achieved the target blood pressure with their 

initial treatment. However, when the best response 

was considered, the number increased to 41 out of 56 

patients, supporting the notion that each patient's 

response to antihypertensive treatment is unique. This 

study highlighted that ethnicity alone is insufficient to 

indicate who will benefit from a particular therapy.9 

Genetic differences in relation to several 

antihypertensive medications and their efficacy have 

been investigated. Two recent studies examined the 

ACE insertion-deletion (ID) variant, one focusing on 

blood pressure response and the other on myocardial 

infarction (MI) and stroke. Neither study found 

significant pharmacogenetic associations with the use 

of ACE inhibitors. These findings were consistent 

with prior research on lisinopril, but a previous study 

on fosinopril reported significant associations between 

fosinopril and ACE (ID) regarding blood pressure 

response. Establishing a firm scientific foundation is 

essential but insufficient for developing clinically 

useful antihypertensive pharmacogenetics. Clinicians 

must adopt a new paradigm to appropriately and 

routinely utilize genetic information in the clinical 

setting.10,11 

The concept of pre-prescription genotyping is gaining 

attention in the treatment of various conditions. For 

example, by detecting CYP450 gene variants, pre-

prescription genotyping can help determine the 

optimal dose of serotonin reuptake inhibitors. This 

approach can enhance treatment outcomes and 

minimize adverse reactions by tailoring medication 

regimens to individual patients.12,13 Further research 

and a shift in clinical practice are necessary to fully 

realize the potential of antihypertensive 

pharmacogenetics and personalized medicine in 

optimizing hypertension treatment and improving 

patient care.14 

Two recent European studies examining the 

perspectives of healthcare professionals and patients 

revealed generally optimistic expectations regarding 

the potential benefits of genetic testing in terms of 

customizing drug dosages and minimizing side effects. 

However, some patients expressed concerns about the 

stress and anxiety associated with testing, as well as 

potential violations of confidentiality. Patients also 

emphasized their preference for pharmacogenetic 

services provided by experts confident in their ability 

to interpret and apply the results. Therefore, the 

perception of risk-benefit must align for 

individualized therapy to be effective in the initial 

treatment of hypertension. 

The rise of direct-to-consumer genetic screening has 

made genetic information more accessible to 

individuals without involving healthcare professionals 

initially. As this industry develops, it may help people 

become more comfortable with pharmacogenetics, 

viewing their genetic information as a tool for 

optimizing therapy. However, research collaborations 

and study designs need to be adapted to fully harness 

the potential of personalized medicine. 

Comprehensive biobanks and registries that provide 

accessible data, standardized phenotyping methods, 

and analytical tools are essential. Incorporating novel 

information from investigator-initiated studies into 

ongoing clinical trials and cohorts based on 

demographic data would further enhance these 

resources.15,16 

Enhancing the understanding of "-omics" technologies 

is crucial for biomedical researchers, physicians, 

patients, legislators, healthcare organizations, and 

consumers to develop and implement personalized 

medicine, reducing the burden of hypertension on the 

public health system and its associated complications. 

Targeted educational initiatives in the field of "-

omics," focusing on both new and experienced 

scholars, should emphasize team approaches by 

involving subject matter experts from related fields. 

Early achievements in this field would help construct 

a compelling narrative for personalized medicine that 

all stakeholders can easily understand. This shift 

would promote greater reliance on prediction models, 

facilitating the integration of personalized medicine as 

a cornerstone of medical education, surpassing 

traditional case studies.17-19 By addressing these 

considerations and fostering interdisciplinary 

collaboration, personalized medicine can 

revolutionize the management of hypertension and 

improve patient outcomes. 
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