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ABSTRACT

Pharmacogenomics plays a crucial role in understanding the interindividual variation in drug
response and identifying genetic factors that affect drug reactions. In the context of
cardiovascular drugs, which are commonly used to treat cardiovascular diseases,
pharmacogenomics has the potential to optimize drug efficacy and minimize the risk of adverse
reactions. Personalized medicine, which integrates genetic and genomic data with clinical and
environmental factors, enables the identification of patients at risk for ADRs and the
development of individualized treatment approaches. Pharmacogenomic studies have
demonstrated positive results for many cardiovascular drugs, indicating that proactive testing
can enhance efficacy and reduce toxicity risks. However, translating genetic test findings into
treatment recommendations remains a challenge. High-alert cardiovascular drugs have a
narrow therapeutic index and pose a high risk of harm if misused. This review focuses on the
pharmacogenomics of high-alert cardiovascular drugs, including statins, antiplatelets,
adrenergic antagonists, and antiarrhythmics. Understanding the pharmacogenomic factors
influencing drug response can aid in tailoring treatment regimens to optimize patient outcomes

and minimize adverse reactions in cardiovascular disease management.
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INTRODUCTION

Cardiovascular disease necessitates a solid
foundation in pharmacology, including
pharmacokinetics, pharmacodynamics, and
pharmacogenomics. Pharmacogenomics is
the study of interindividual variation in drug
reaction as a result of underlying genetic
architecture. Genetic variations that affect
human physiology or drug response may be
targets for future drug research.

Age-related adverse drug reactions (ADRs)
or therapeutic failure are becoming more
common in older individuals. Due to the
increased likelihood of drug-drug and drug-
gene interactions, there may be a significant
polypharmacy that mediates this. Precision
medicine, which is based on individual
genetic variations, allows the screening of
patients at risk for ADRs and the
implementation of personalised treatment
regimens [1, 2].

Personalised medicine combines genetic
and genomic data with environmental and
clinical variables to customize disease
prevention and management strategies,
including pharmacotherapy. Individualized
treatment is made possible by the discovery
of genetic variables that affect drug
distribution, metabolism, excretion, and
action at the drug target level. The majority
of cardiovascular drugs (CVD) have
reported positive pharmacogenomic results,
indicating that proactive testing can increase

efficacy and reduce the risk of toxicity.

Changing the findings of genetic testing into
treatment recommendations is the main
challenge in pharmacogenomics [3-5].
Cardiovascular drugs are used to treat a
variety of diseases, but drug response and
dosage requirements vary greatly between
individual patients. A course of treatment
that has been shown to be successful for one
individual may be harmful or ineffective for
another [6].

High-alert medications are those that pose
the greatest risk of causing harm if abused.
The difference between a therapeutic dosage
and a harmful dose for these medications is
relatively small, or they have narrow
therapeutic indices or small margins of
safety [7, 8].

In order to prevent, identify, and treat
diseases, as well as to predict therapeutic
response, nonresponse, and the probability
of adverse reactions, personalised medicine
uses data about a person's genes, proteins,
and environment.

In the UK, cardiovascular disease is the
main cause of mortality. For both primary
and secondary disease prevention, numerous
pharmacological therapies are given to an
enormous number of patients. Therefore, the
emphasis of this review describes progress
in understanding genomic variability in
response to high alert cardiovascular drugs
and how this knowledge may be applied in

clinical care.
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This review will summarize recent advances
in the pharmacogenomics of high alert
cardiovascular drugs, with a focus on statins,
antiplatelets, adrenergic antagonist and
antiarrhythmics drugs.

Adrenergic antagonist

A class of drugs called adrenergic
antagonists, commonly referred to as
sympatholytic medicines, is used to block
the actions of the sympathetic nervous
system. These medications are frequently
used to treat a number of conditions, such as
anxiety, heart failure, and hypertension.
However, a person's genetic make-up can
have a significant impact on both their
efficacy and safety. Pharmacogenomics
research has been done to identify the
genetic differences that affect the toxicity,
effectiveness, and drug metabolism of
adrenergic antagonists.

Beta blockers

Medications in the beta-blocker class are
frequently prescribed to treat heart failure
and hypertension. Some of the genetic
variations were linked to improve blood
pressure, while others were linked to a
higher risk of unfavourable events like
fatigue and shortness of breath. The
pharmacokinetics and pharmacodynamics
of beta-blockers are affected by differences
in the genes involved in their metabolism
and transport, such as CYP2D6 and ABCB1
[9-12].

The pharmacokinetics and
pharmacodynamics of beta-blockers have
been showed to be influenced by genetic
differences in the CYP2D6 gene, which
encodes an enzyme involved in their
metabolism. While ultra rapid metabolizers
of CYP2D6 may need higher doses of beta-
blockers to achieve therapeutic efficacy
and poor metabolizers of CYP2D6 have a
events like

of adverse

bradycardia. =~ The

higher risk
hypotension  and
effectiveness of beta-blockers in the
treatment of heart failure has also been
linked to variations in the ABCBI1 gene,
which encodes a protein involved in the
transport of medicines across the blood-
brain barrier [8-13].

Genetic variations in genes involved in
signalling pathways and heart function have
also been found as possible
pharmacogenomic targets for beta-blockers,
in addition to genetic variations in drug
metabolism and transport genes. Patients
taking beta-blockers for heart failure have a
higher risk of adverse outcomes because of
genetic differences in the G-protein-coupled
receptor kinase 5 gene, which controls beta-
1 adrenergic receptor desensitization. It has
also been demonstrated that polymorphisms
in the adrenergic receptor beta-2 gene
influence how the body responds to beta-
blockers which is used to treat hypertension.
timolol, and

Metoprolol,  carvedilol,

propranolol are a few examples of beta-
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blockers that are metabolised by the
CYP450 enzyme system. The CYP2D6
isoenzyme gene's polymorphisms may have
an 1impact on blocker response. The
effectiveness of beta-blockers as a treatment
may be impacted by variations in the gene
that codes for the 1-adrenergic receptor [14-
17].

ADBR2 encodes the beta-2-adrenergic
receptor. R16G (rs1042713) and Q227G
(rs1042714), two  frequent ADBR2
polymorphisms, are resistant to agonist-
mediated downregulation. Common
ADRB?2 polymorphisms have been linked to
altered clinical cardiovascular outcomes,
although these associations have not been
verified. Some commonly prescribed beta-
blockers, such as propranolol, timolol, and
metoprolol, as well as the antiarrhythmic
propafenone, which has beta-blocking
properties, are metabolised by CYP2D6.
Numerous loss-of-function mutations exist
in the gene, and people who have two of
these mutationsroughly 7% of Caucasians
and Africansare referred to as poor
When  compared to

noncarriers (Q41Q), the L41Q variant of
GRKS5 blunts the effects of catecholamines

metabolizers.

and is linked to better outcomes in heart
failure [18-20].

Ser49Gly and Arg389Gly are two single
nucleotide polymorphisms (SNPs) that
result in altered biological function in vitro,
increased

including agonist-induced

adenylyl cyclase activation by Gly49
compared to Ser49 and by Arg389 compared
to Gly389. The beta-1 adrenergic receptor
(ADRBI1) gene has the functionally
significant polymorphisms. Prior to the
Ser4d9Gly  polymorphism  (rs1801252),
which is located on the extracellular region
of the receptor, the common polymorphism
Arg389Gly (rs1801253) is connected with a
higher activity of the receptor and greater
desensitisation and downregulation with
long-term stimulation. The ADRB1 gene's
Arg389Gly polymorphism impacts how
well patients respond to betablocker
medication. In a few studies, it was
discovered that 389 Arg carriers, as opposed
to Gly 389 carriers, significantly improved
their left ventricular ejection fraction in
response to beta-blockers in healthy
volunteers, hypertensive patients, and
patients with systolic heart failure [21-29].

The beta-2 adrenergic receptor (ADRB2)

has two functionally significant
polymorphisms: Argl6Gly (rs104213) and
GIn27Glu (rs1042714). Thr164lle

(rs1800888), a third polymorphism in
ADRB2, was also discovered. The two
frequent polymorphisms in the ARDB2
gene, Argl6Gly (rs104213) and GIn27Glu
(rs1042714), did not appear to be associated
with improvements in left ventricular
ejection fraction in response to beta-
blockers in the majority of investigations.

Only a few small studies compared the
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GIn27 allele to the Glu27 allele in terms of
the left
following beta-blocker treatment [30-31].

ventricular ejection fraction
Propronolol

Cytochrome P450 (CYP)
particularly CYP2D6 and CYP1A2, are

enzymes,

principally responsible for the metabolism
of propranolol. Propranolol can be
metabolised differently due to genetic
differences in these enzymes, altering drug
exposure and possibly altering medication
efficacy. There is, however, no evidence that
any enzyme can improve propranolol
activity. Propranolol's antagonistic effects
on beta-adrenergic receptors, which lower
blood pressure and heart rate, are the
primary causes of its pharmacological
effects.

People who have genetic variations in
CYP2D6 may have a higher risk of toxicity
than people who normally metabolise
propranolol well. Similar to other CYP1A2
inhibitors, fluvoxamine and ciprofloxacin
can raise propranolol levels in the blood and
cause toxicity. Propranolol is one example
of a parent drug that is metabolised by
cytochrome P-450 isoenzyme 2D6; the
CYP2D6*4  polymorphism results in
decreased activity of a metabolising enzyme
and may increase plasma concentrations of
the parent drug and decrease amounts of
metabolites. Toxic development could result

from this in the future.

Labetolol

Labetalol is a medicine that is used to treat
hypertension and angina. It has alpha-1
blocking activity and is a non-selective beta
blocker. Large-scale first-pass metabolism
of labetalol occurs in the liver, where it is
largely glucuronidated and, to a lesser extent,
oxidised by cytochrome P450 (CYP)
enzymes. Rather than enzyme activity,
labetalol's activity is mostly influenced by
its pharmacokinetic and pharmacodynamic
characteristics.

It is possible for labetalol to interact with
other drugs that are metabolised by CYP
enzymes, such as calcium channel blockers
and amiodarone, increasing labetalol
exposure and raising the risk of toxicities.
Alpha-blockers

Alpha-blockers are drugs that inhibit the
effects of alpha-adrenergic receptors, which
are responsible for the sympathetic nervous
system's vasoconstriction. Alpha-blockers
are frequently used to treat benign prostatic
hyperplasia and hypertension. However, a
person's genetic make-up can have a
significant impact on both their efficacy and
safety.

Compared to beta-blockers, alpha-blockers'
pharmacogenomics is less well understood,
however a number of genetic variants that
affect medication metabolism, effectiveness,
and toxicity have been found. The alpha-1
adrenergic receptor gene, which encodes the
alpha-1 adrenergic receptor, is an important

pharmacogenomic target for alpha-blockers.
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Certain genetic variations were linked to
improved blood pressure control, whereas
others were linked to a higher risk of
orthostatic

unfavourable events like

hypotension and vertigo. The
pharmacokinetics and pharmacodynamics
of alpha-blockers are affected by differences

in the genes involved in their metabolism

and transport, such as CYP3A4 and ABCBI.

Alpha-blockers are metabolised by an
enzyme that is encoded by the CYP3A4
gene. Genetic variants in this gene have been
demonstrated to affect the pharmacokinetics
and pharmacodynamics of  these
medications. Alpha-blocker dosages may
need to be increased in ultrarapid CYP3A4
metabolizers in order to attain therapeutic
efficacy, whereas poor metabolizers may be
more likely to have side effects such
hypotension and vertigo. Alpha-blocker
effectiveness in the treatment of
hypertension has also been linked to
variations in the ABCB1 gene, which
encodes a protein involved in drug transport
across the blood-brain barrier.

Genes involved in signalling pathways and
vascular function have also been identified
as possible pharmacogenomic targets for
alpha-blockers, in addition to genetic
variations in drug metabolism and transport
genes. Patients taking alpha-blockers for
hypertension have an increased risk of
adverse outcomes due to genetic differences

in the nitric oxide synthase 3 gene. It has

also been demonstrated that variations in the
endothelin-1 gene alter when alpha-blockers
react in curing Raynaud's phenomenon [14-
17].

Antiplatelets

In patients undergoing dual anti-platelet
medication, the GP Ia C807T polymorphism
is linked to the expression of this collagen
receptor on the platelet membrane surface,
and both polymorphisms are linked to
higher platelet reactivity. The ADP subtype
P2Y1 receptor (C893T) polymorphism is
linked to decreased platelet aggregation
after aspirin ingestion, however there isn't
any clinical evidence to support this.
According to the literature, platelet function
may be impacted by hemostatic variables. In
comparison to Leu34-negative individuals,
Leu34 carriers (Val34Leu polymorphism of
factor XIII) receiving low-dose aspirin
therapy have a lower risk of developing an
acute myocardial infarction [32-33].
Aspirin

According to a study, aspirin responses are
compromised in PLA2 (Leu59Pro) carriers,
a variation of platelet glycoprotein Illa.
After seven days of aspirin therapy in
healthy volunteers, 23 of 25 PLAIl

homozygotes had lower plasma
prothrombin fragment concentrations in
bleeding-time wounds than 9 of 15 PLA2
carriers. Aspirin responses are compromised
in 8 PLA2 (Leu59Pro) carriers, a variation

of platelet glycoprotein Illa [32-35].
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Clopidogrel

The most frequently prescribed
antiplatelet medication is clopidogrel. A
thienopyridine derivative called clopidogrel
specifically inhibits ADP-dependent platelet
activation and aggregation by binding
irreversibly to the platelet P2RY12
purinergic receptor. The genes implicated in
clopidogrel metabolism are the apparent
candidates for pharmacogenetic study [36].
As a prodrug, clopidogrel is converted into
its active form, thiol, in the liver during the
process of biotransformation. In this process,
CYP1A2, CYP2C19, CYP3A4/5, and
CYP2B6 are all active. P2Y 12 belongs to
the adenosine diphosphate (ADP) G protein-
coupled purinergic receptor. The P2Y12
protein, a crucial regulator of blood clotting,
is mostly, though not entirely, present on the
surface of blood platelets. Platelet ADP
P2Y12 receptors are irreversibly bound by
the active clopidogrel metabolite. Increased
enzyme transcription and improved
clopidogrel responsiveness are both related
to the YP2C19*17 allele. The risk of
bleeding is higher among carriers of this
allele, who may be protected from MACE.
Clopidogrel biochemical reaction was found
to be mostly determined by ADP P2Y12
receptors and CYP2C19*2 loss-of-function,
which accounted for 12% of the variation in
ADP-stimulated platelet aggregation during
treatment. Clopidogrel treatment increases

the incidence of significant adverse

cardiovascular events and stent thrombosis
in CYP2C19*2 carriers compared to
noncarriers. Clopidogrel patients with loss-
of-function CYP2C19*2 allele have
decreased conversion of the drug into its
active metabolite, diminished antiplatelet
efficacy, and increased risk for
cardiovascular events [37-41].

In Caucasians, African Americans, and
Mexicans, the prevalence of the
CYP2C19*2 polymorphism ranges from 18%
to 33% (2%—-3% homozygotes), while the
allele frequency is higher in Asians. The
loss-of-function *3 variation, which is more
common among Asians, is similarly linked
to a worse response.The ABCB1 gene in
humans is responsible for encoding the
glycoprotein 8 P, also known as the
multidrug resistance protein 1 (MDRI),
ATP-binding cassette subfamily B member
1, or cluster of differentiation 243 (CD243)
[42-45].

The CYP2C19 functional SNP genotype
identifies patient subgroups at increased risk
of ischemic events following percutaneous
intervention (PCI) when taking clopidogrel.
The xenobiotic efflux p-glycoprotein pump
implicated in  clopidogrel intestinal
absorption is encoded by the ABCB1 gene
(also known as MDR1). The reaction to
clopidogrel has been inconsistently linked to
the C3435T polymorphism. Lower peak

plasma concentrations of clopidogrel and its
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active metabolites have been linked to the
3435TT genotype [46-48].

Paraoxonase-1, an esterase produced in the
liver and connected to HDL in the blood, is
encoded for by the PON1 gene. A group of
researchers revealed findings from in vitro
metabolomic

profiling that suggested

paraoxonase-1 was crucial for the
bioactivation of clopidogrel from the
intermediate product created by the liver's
cytochromes to the active metabolite in the
bloodstream. The rate-limiting enzyme that
transforms 2-oxo-clopidogrel into the active
metabolite is called paraoxonase 1 (encoded
by PON1). Lower paraoxonase | activity,
lower levels of the active clopidogrel
metabolite, and reduced platelet inhibition
are all observed in 192GlIn allele carriers
[49-54].

The PON1 Q192R polymorphism was later
linked to an increased risk of ischemia
events in clopidogrel-treated individuals in
clinical investigations carried out by the
same team. The hypothesis that
paraoxonase-1 participates  in  the
bioactivation of clopidogrel has since been
challenged by further pharmacology
research. Additionally, later clinical studies
did not provide evidence that the Q192R
polymorphism  affected cardiovascular
outcomes in patients taking clopidogrel [49-
54].

According to Bouman et al., patients with

the GIn192GIn polymorphism had a hazard

ratio of 12.9 for risk of stent thrombosis
compared to patients with an Argl92Arg
polymorphism. This polymorphism was
reported to be connected with clopidogrel-
associated stent thrombosis. This outcome
was not supported by additional research.
The PON1- GIn192Arg polymorphism has
been shown to have no significant effect on
the risk of MACE and does not modify the
physiologic response to clopidogrel in
patients receiving clopidogrel treatment [55].
Statins

Hydroxymethylglutaryl-coenzyme  when
administered for both primary and
secondary prevention of ischemic heart
disease, a reductase inhibitors (statins) have
been shown to decrease coronary and
cerebrovascular events as well as overall
mortality. The effectiveness of the
medication is correlated with a number of
well-known gene polymorphisms. A gene
that codes for cholesteryl ester transfer
protein (CETP), which is involved in the
metabolism of high-density lipoprotein
(HDL), was the subject of some research
that looked at polymorphism [56-57].
Patients taking pravastatin who had either
the B1/B1 or B1/B2 genotype (Bl
polymorphism

present  or  absent)

experienced significantly slower
atherosclerotic progression than those
taking a placebo. Patients with the B2/B2
genotype who received placebo experienced

the slowest progression. However, patients
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with the B2/B2 genotype who were taking
pravastatin (16% of the study population)
did not experience any benefits [58-59].
Variants in the SLCOIB1 and CYP3AS5
genes, which are involved in solute carrier
organic anion transport, may be used to
predict myotoxicity. Variations in statin
efficacy have been linked to genetic
variations in CYP3A4, which metabolises
simvastatin, atorvastatin, and lovastatin.
Lower LDL cholesterol levels with
atorvastatin have been linked to the
CYP3A4*4 haplotype as well as a
nonsynonymous polymorphism (M445T).
Statins do not appear to decrease cholesterol
in people who have either the CYP3A4*1G
haplotype or the CYP3A4 promoter
polymorphism (A290G) [60-61].

Medical professionals are concerned about
statin-related  myotoxicity, particularly
rhabdomyolysis, because it necessitates
changing drugs and stopping treatment.
Variants in the CYP3AS and solute carrier
organic anion transporter family (SLCO1B1)
genes have been identified to have the
potential to predict myotoxicity. With beta-
blockers versus calcium channel blockers,
myocardial infarction or stroke was found to
be associated with the calcium signalling
genes CACNAIC, CACNB2, and
KCNMBI. Patients on lisinopril had
variable stroke risk by genotype for an
MMP3 promoter polymorphism, while

thiazides and beta-blockers had varying

treatment-related  outcomes but not
diltiazem, depending on the NEDDA4L
(protein decrease renal tubular expression of
epithelial Na+ channel) genotype [63-68].
A decrease in the lowering of LDLc has
been linked to variations in HMGCR and
LDLR. Other gene variation has also been
sporadically linked to wvariation in statin
responsiveness. These include CYP3A4,
which codes for a crucial drug metabolising
enzyme, APOE, which codes for a protein
that interacts with the LDL receptor, and
ABCBI1 and ABCG2, which code for drug
transporters. The increased risk of coronary
events, improved LDLc response to
pravastatin, and a 30% reduction in the
relative risk of cardiovascular events
compared to noncarriers who were also
treated with pravastatin have all been linked
by numerous reports to a missense variant,
Trp719Arg 1520455, in the kinesin-like
protein 6 (encoded by KIF6) [69-73].

Rare PCSK9 polymorphisms have been
linked to low LDLc and a reduced risk of
cardiovascular disease, and the protein is
currently being targeted to create new
cholesterol-lowering drugs [74].

The organic anion transporting polypeptides
B1 (OATPI1B1), which are expressed on the
sinusoidal membrane of hepatocytes and
help the liver absorb numerous statins, are
encoded by this gene. People who carry the
CC genotype have a higher risk of

developing myopathy than TT carriers do.
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However, the presence of myopathy does
not require the risk SLCOI1BI1 allele,
suggesting that other variants of the same
gene or other genes may also be important
[75-78].

A GWAS found a strong -correlation
between a noncoding polymorphism
(rs4363657) and statin-induced myopathy in

patients on high doses of simvastatin. Statin

responsiveness is correlated with haplotypes.

The c388A-c521T haplotype is referred to as
the *1A (reference haplotype), the *1B
(c388G-c521T), the *5 (c388Ac521C), and
the *15 (c388G-¢c521C). Carriers of *5 have
a 2- to 3-fold higher chance of developing
creatine kinase-negative myopathy and a 4-
to 5-fold higher risk of developing severe
simvastatin-induced myopathy. Variability
in the response to statin therapy has been
linked to genetic variations in the CYP3A4
enzyme, which metabolises simvastatin,
atorvastatin, and lovastatin [79-80, 36].

Polymorphism of atorvastatin (M445T) and
the CYP3A4*4 haplotype were linked to
reduced levels of low density lipoprotein
cholesterol. Statins do not appear to
decrease cholesterol in people who have the
CYP3A4*1G haplotype or the CYP3A4
promoter polymorphism (A290G). 2. 56 The
efflux transporter multidrug resistance
protein MDR1 (gene name ABCBI1) or
another efflux protein from the same family
(gene name ABCG2) are substrates for

several statins. Simvastatin's effectiveness

in hypercholesterolemic patients is affected
by ABCBI variations, and patients who
have negative muscular effects were less
likely to have the ABCB1 polymorphisms
(1236T, 2677 non-G, and 3435T).
Atorvastatin and rosuvastatin's
pharmacokinetics are affected by ABCG2
variations. Comparatively to those with AA
genotypes, individuals with CC genotypes at
1s2231142 (ABCG2 polymorphism)
experienced larger reductions in LDL
cholesterol levels [81-83].

Kinesin-like protein 6 is a protein involved
in the intracellular transport of many
molecules, including mRNA. It is a member
of the molecular motor superfamily. A few
studies have found a link between coronary
1520455

polymorphism in the KIF6 (Trp719Arg)

artery  disease and  the

gene as well as a protective effect of statin
administration in Trp719Arg carriers.
Unfortunately, a meta-analysis of 19 studies
failed to confirm the link between non-fatal
coronary artery disease and the kinesin-like
protein 6 (KIF6) Trp719Arg polymorphism
(rs20455) [84].

Antiarrhythmics

Numerous antiarrhythmic medications have
adverse effects on the sodium and potassium
ion channels in the heart. Genetic
differences are linked to a risk of
proarrhythmic effects of antiarrhythmic
medicines and its mechanism. Drug-induced
increases ~ with

arrhythmia  typically
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increasing drug concentrations, indicating
the involvement of liver enzyme
polymorphisms. Some evidence suggests
that polymorphisms in genes encoding
components of cardiac ion channels have
been associated with congenital arrhythmia
syndromes, such as long-QT and idiopathic
ventricular fibrillation syndromes. The
CYP2D6 gene controls the cytochrome
P450 metabolic pathways, and some
research suggests a link between the
phenotype of a poor metabolizer and the
toxicity of antiarrhythmic medications [85].
The sodium and potassium ion channels in
the heart are negatively impacted by
antiarthythmic ~ medications. Genetic
differences are linked to a risk of
proarthythmic effects of antiarrhythmic
medicines and its mechanism. Congenital
arrhythmia has reportedly been linked to
polymorphisms in genes encoding cardiac
ion channel components [86-89].

During treatment with dihydropyridine
calcium channel blockers, a NOSIAP
variant in the gene encoding an accessory
protein for neuronal nitric oxide synthase
was linked to total and cardiovascular
mortality. The risk of arrhythmias in patients
with the congenital long QT syndrome has
also been observed to be modulated by
variations in NOS1AP, at equivalent QT

interval durations, as well as the risk of

sudden death in the general population.

Congenital long QT syndrome (cLQTS)-
related gene variation is overrepresented in
acquired long QT syndrome cases. The
potassium channel subunit gene KCNEI1
D85N variant was reported to have an odds
ratio of 9-12 for this ADR in a sizable
candidate gene investigation. Another
investigation linked alterations in the
NOS1AP gene, which controls the baseline
QT interval, to increased risk of
amiodarone-induced TdP [90-96].
CONCLUSION

The overall administration of high alert
medications necessitates heightened care
and particular precautions due to the very
tight therapeutic margin of safety and
potential serious patient damage. Using
pharmacogenomic data to personalise
medicine is a highly intriguing concept. The
discovery of pharmacogenetics/
pharmacogenomics has increased our
understanding of the molecular mechanisms
driving the toxicity and effectiveness of
CV  medications.

widely  prescribed

Personalised medicine based on
pharmacogenomics has the potential to
significantly improve the health and
economic

well-being  of  patients,

particularly the elderly, medical
professionals, and society as a whole. Its
widespread application necessitates the
knowledge and skill of physicians and
scientists in genetics, risk prediction, and

genetic counselling.
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