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Abstract

Hyperlipidemia, characterized by elevated levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
triglycerides (TG), and/or decreased high-density lipoprotein cholesterol (HDL-C), is a key contributor to the development of
cardiovascular diseases (CVD), which remain the leading cause of morbidity and mortality worldwide. Statins, especially
atorvastatin, are the mainstay pharmacological agents used to lower cholesterol levels and prevent atherosclerotic
complications. Atorvastatin inhibits HMG-CoA reductase, reducing hepatic cholesterol synthesis and upregulating LDL
receptor expression. However, the efficacy and safety of atorvastatin therapy are significantly influenced by genetic
polymorphisms in drug-metabolizing enzymes, transporters, and lipid-regulating genes. This review comprehensively
examines the pharmacogenetics of atorvastatin, focusing on genetic variants influencing drug absorption, distribution,
metabolism, and pharmacodynamic response. Polymorphisms in hepatic uptake transporters (SLCO1B1), efflux transporters
(ABCB1, ABCG2), drug-metabolizing enzymes (CYP3A4 and CYP3A5), and lipid-regulating genes (APOE, APOA5, APOB,
LDLR) are critically evaluated across diverse populations. Among these, the SLCO1B1 ¢.521T>C (rs4149056) variant emerges as
a key determinant of atorvastatin exposure and myopathy risk, though its clinical relevance varies by ethnicity. Pharmacogenetic
studies show population-specific variations in atorvastatin outcomes, emphasizing the need for precision medicine in
hyperlipidemia management.
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1. Introduction 2022, there were approximately 19.8 million

Hyperlipidemia refers to abnormalities in the
levels of circulating cholesterol including total
cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and triglycerides (TG).
These can accumulate within the lining of the
vascular walls, interrupting its structure and
function, leading to cardiovascular,
cerebrovascular, and peripheral vascular
diseases (Stapleton et al.. 2010; Al-Zahrani et al..
2021). Cardiovascular diseases (CVD) remain as
the leading cause of mortality and morbidity
globally (Brunham, Lonn, and Mehta 2024). In

deaths attributed to CVD, where ishemic heart
disease had the highest global age-standardized
disability-adjusted life years (DALYs) among all
diseases, at 2,275.9 per 100,000 population
(Mensah et al... 2023).

The global prevalence of high TC was 39%
(NCD-RisC 2021). Between 1980 and 2018, there
was a significant rise in plasma TC and non-
HDL cholesterol levels among both men and
women in the East and Southeast Asia regions
(NCD-RisC 2021). According to data from the
Global Health Data Exchange (GHDx), LDL-C
levels exceeding 1.3 mmol/L are currently
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responsible for approximately 94.92 million
DALYs, with a marked exponential increase
observed over the past 25 years (Hu et al.. 2023).
Furthermore, 4.32 million deaths are attributable
to elevated LDL-C levels (Mattiuzzi, Sanchis-
Gomar, and Lippi 2020). In 2019, elevated LDL-
C levels were responsible for approximately 3.78
million deaths from ischemic heart disease
(IHD) globally, representing 44.3% of all IHD-
related deaths (Liu, Zhao, and Qi 2022).
Additionally, 0.61 million deaths from ischemic
stroke were attributed to high LDL-C,
accounting for 22.4% of total ischemic stroke
deaths (Liu, Zhao, and Qi 2022). The global
prevalence of Familial Hypercholesterolemia
(FH) which corresponds to LDL-C >190mg/dL is
1:313 individuals (Beheshti et al. 2020). High TG
levels (=1.7mmol/L) are prevalent in about 30%
population globally (Ruiz-Garcia et al. 2020).
CVD remains as the leading cause of deaths in
Pakistan (Pakistan Bureau of Statistics, 2020).
Recent estimates show that in Pakistan about
44% individuals had high LDL-C, 53.7% had
high TG, 36% had high TC and 53% had low
HDL-C (Nawaz et al. 2025; Ain et al. 2025). The
estimated prevalence of FH in Pakistan is higher
than global prevalence estimates about 1:273
individuals (Khan et al. 2025).

2. Pathophysiology of Hyperlipidemia
Hyperlipidemia is primarily caused by genetic
or familial factors including mutations in genes
involved in lipid metabolism (Ahangari et al.
2018; Bhatnagar, Soran, and Durrington 2008).
Primary hyperlipidemia can include common
hypercholesterolemia, familial
olesterolemia, dysbetalipoproteinaemia and
severe hypertriglyceridemia (Bhatnagar, Soran,
and Durrington 2008).

Secondary causes of hypercholesterolemia can
either be caused by existing disorders such as
type 2 diabetes mellitus, kidney disorders,
thyroid disorders or by certain drugs such as
thiazide diuretics, ciclosporin etc. or by
excessive intake of dietary cholesterol and

hyperch-

smoking (Bhatnagar, Soran, and Durrington
2008).

In the normal lipid metabolism process, dietary
cholesterol absorbed in the intestine is initially
packaged into chylomicrons, which are broken
down by lipoprotein lipase (LPL). The resulting
fatty acids are delivered to muscle and adipose
tissues, while the chylomicron remnants are
transported to the liver. In the liver, very low-
density lipoproteins (VLDL) are synthesized
and secreted into circulation (Durrington and
Soran 2014). VLDL is subsequently metabolized
by LPL into intermediate-density lipoproteins
(IDL), which are then converted into LDL.
Meanwhile, the liver also produces nascent HDL
particles, which mature by acquiring cholesteryl
esters from peripheral cholesterol, thereby
participating in reverse cholesterol transport.
Through the action of cholesteryl ester transfer
protein (CETP), HDL transfers these esters to
LDL particles. LDL, now enriched with
cholesteryl esters, delivers cholesterol to the
liver and peripheral tissues. The hepatic uptake
and degradation of LDL is mediated by LDL
receptors on the surface of hepatocytes,
maintaining cholesterol homeostasis
(Durrington and Soran 2014).

FH is the most common genetic cause of primary
hyperlipidemia resulting in extreme elevations
of TC and LDL-C (Vrablik et al. 2020). FH is
caused by pathogenic variants in genes involved
in LDL metabolism including low-density
lipoprotein receptor (LDLR), apolipoprotein B
(APOB) or proprotein convertase
subtilisin/kexin type 9 (PCSK9) leading to
reduced clearance of LDL-C particles from the
blood (Marks et al. 2003). Severe
hypertriglyceridemia involves the elevation of
TG and can be caused by pathogenic variants in
genes involved in TG metabolism particularly
LPL combined with TG raising factors such as
high fat diet, obesity, diabetes and certain drugs
(Simha 2020). Among secondary causes Type 1
and Type 2 Diabetes Mellitus are associated with
hyperlipidemia (Durrington and Soran 2014).
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Figure 1: Mechanism of action of statins on the cholesterol biosynthesis pathway. Statins block the mevalonate pathway
resulting in reduced intracellular cholesterol levels which activate SREBPs that upregulate LDL receptor expression enhancing
the clearance of LDL-C from circulation (Buhaescu and I1zzedine 2007).

In type 2 diabetes and obesity, insulin resistance
leads to dyslipidemia by activating hormone-
sensitive lipase (HSL), which increases free fatty
acids (FFAs) in the blood; these FFAs promote
hepatic VLDL overproduction, while reduced
lipoprotein lipase (LPL) activity impairs VLDL
clearance, resulting in elevated VLDL and
decreased HDL levels (Yanai and Yoshida 2021;
Verges 2015). In hypothyroidism, reduced
thyroid hormone levels lead to decreased
expression of LDL receptors and 7 alpha-
hydroxylase, impairing LDL-C clearance and
cholesterol conversion to bile acids, thereby
resulting in elevated LDL-C levels (Duntas and
Brenta 2016).

3. Statins
The primary treatment options for the
management of hypercholesterolemia are
lifestyle modifications and dietary interventions
(Mach et al. 2020). Statins and other lipid
lowering agents including bile acid sequestrants,

fibrates, etc. are a secondary treatment option for
the treatment of dyslipidemia. These
pharmacological therapies are typically initiated
when lifestyle and dietary interventions alone
fail to achieve recommended lipid targets or
when patients are at high cardiovascular risk
(Mach et al. 2020).

Statins reduce the total cholesterol and LDL-C in
blood by inhibiting 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA)
reductase (Figure 1), the rate-limiting enzyme in
cholesterol biosynthesis that catalyzes the
conversion of HMG-CoA to mevalonate, that
further leads to production of cholesterol and
isoprenoid through a series of biochemical
reactionsv (Buhaescu and Izzedine 2007). This
inhibition lowers hepatic cholesterol leading to
upregulation of LDL receptors and enhanced
clearance of circulating LDL-C which in turn
lowers their circulating levels.

The primary pharmacological effect of statins
stems from their competitive inhibition of
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hepatic HMG-CoA reductase, the rate-limiting
enzyme in cholesterol biosynthesis (Buhaescu
and Izzedine 2007). By blocking the conversion
of HMG-CoA to mevalonate, statins reduce
hepatocellular cholesterol levels, triggering a
compensatory response mediated by sterol
regulatory element-binding proteins (SREBPs)
(Endo and Beppu 2010). These transcription
factors are activated via proteolytic cleavage in
the Golgi apparatus, releasing their active
fragments, which then migrate to the nucleus
and upregulate genes involved in cholesterol
synthesis and LDL uptake, particularly the LDL
receptor (LDL-R) (Brown and Goldstein 1986). In
hepatocytes, this enhances LDL clearance from
circulation, thereby lowering serum LDL-C. In
addition to lowering LDL-C, statins may also
exert modest effects on triglycerides and HDL-C
and have been shown to possess pleiotropic
effects such as improving endothelial function,
reducing inflammation, and stabilizing
plaques  (Grundy  1998).
Generally, statins can result in approximately
20% to 55% reduction in LDL-C levels with
higher reductions seen with atorvastatin,
rosuvastatin, and pitavastatin while lovastatin
and simvastatin exhibit moderate reductions
and fluvastatin and pravastatin have the lowest
LDL reduction activity (Hodkinson et al. 2022;
Jones et al. 1998). Despite the ability of statins to
lower cholesterol and their potential to decrease
cardiovascular morbidity and mortality, statin
withdrawal and non-adherence is a constant
problem. Statin-associated muscle symptoms
(SAMSs) accounting for 72% of all the adverse
side effects of statins are the major reason for
discontinuation (Ward, Watts, and Eckel 2019).
Other serious side effects of statin treatment can
be new onset of type 2 diabetes mellitus,
hepatotoxicity and renal toxicity (Beltowski,
Wojcicka, and Jamroz-Wisniewska 2009).

atherosclerotic

4. Atorvastatin
Atorvastatin, introduced in 1981 as the first fully
synthetic statin, was later marketed under the

brand name LIPITOR (Roth 2002). Chemically, it
is a calcium salt of [R-(R* R¥)] -2-(4-
fluorophenyl)-@3,0-dihydroxy-5-(1-methylethyl)-
3-phenyl-4-(phenylamino)carbonyl]-1H-pyrrole
-1-heptanoic acid, with the empirical formula
(C33H34FN20O5),Ca-3H,O (Shaghaghi et al. 2022).
As a lipophilic and tissue-selective inhibitor of
HMG-CoA reductase, atorvastatin exhibits high
oral bioavailability and predominantly exerts its
action in the liver, spleen, and adrenal tissues
(van Leuven and Kastelein 2005). Like other
statins, it inhibits HMG-CoA reductase (Figure
1), the rate-limiting enzyme in cholesterol
biosynthesis, thereby reducing the production of
mevalonate. This decline in intracellular
cholesterol levels induces the activation of
SREBPs, which wupregulate LDL receptor
expression on hepatocytes, enhancing the
clearance of LDL-C from circulation (van
Leuven and Kastelein 2005).

Atorvastatin lowers LDL-C levels in a dose
dependent manner resulting in reductions of
25% to 61% (Nawrocki et al. 1995). Additionally,
atorvastatin lowers plasma levels of TGs and
VLDL while increasing HDL concentrations.
Clinically available in various doses including
10, 20, 40, and 80 mg/day, atorvastatin has
demonstrated superior efficacy compared to
other statins in reducing levels of LDL-C, total
cholesterol, triglycerides, and VLDL particles
(Lea and McTavish 1997). Atorvastatin has 30%
oral absorption with 14% bioavailability due to
first-pass metabolism, reaching peak plasma
levels in 0.6-0.9 hours (Lennernas 2003). Its
active metabolites (via CYP3A4) provide 70% of
its HMG-CoA reductase inhibition. The drug is
>98% protein-bound, requires dose adjustment
in liver impairment (but not renal dysfunction),
and interacts with CYP3A4 inhibitors like
erythromycin and cyclosporine (Lennernds
2003).

5. Atorvastatin Pharmacogenetics
Interindividual variability in the response to
atorvastatin, in terms of both lipid-lowering
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efficacy and the risk of adverse effects, has been
strongly linked to genetic polymorphisms
affecting drug metabolism, transport, and lipid
regulation (Hoste et al. 2024). A key determinant
of atorvastatin pharmacokinetics is hepatic
uptake, which is mediated by members of the
organic anion transporting polypeptide (OATP)
family. Multiple OATP isoforms, particularly
those highly expressed in the liver, play a central
role in the hepatic extraction of statins from the
sinusoidal blood (Ho et al. 2006).

The SLCO1B1 gene, encoding OATP1B1, has
been most extensively studied. The 521T>C
(rs4149056) polymorphism is associated with
reduced transporter activity, resulting in
decreased hepatic uptake and elevated systemic
exposure to atorvastatin, which in turn increases
the risk of statin-associated myopathy,
especially at higher doses (Pasanen et al. 2007).
In contrast, the 388A>G (rs2306283) variant has
been associated with enhanced transporter
function and a lower risk of adverse effects
(DeGorter et al. 2013). Other transporter genes,
such as ATP-binding cassette B1 (ABCBI), which
encodes P-glycoprotein involved in intestinal
and hepatic drug efflux, also influence
atorvastatin  disposition (Neumann, Rose-
Sperling, and Hellmich 2017). Polymorphisms
like 2677G>T/A and 3435C>T have been linked to
altered expression and transport activity,
impacting both drug efficacy and the potential
for hepatotoxicity. Similarly, ABCC2 and ABCG2
variants, particularly 421C>A in ABCG2, are
associated with increased systemic exposure
and risk of adverse reactions (Bruhn and
Cascorbi 2014). In terms of metabolism,
atorvastatin is primarily metabolized by
CYP3A4 and CYP3A5, and polymorphisms in
these genes, such as CYP3A4 1B (290A>G) and
1G (20230G>A), have been shown to influence
plasma concentrations and therapeutic response
(MiroSevi¢ Skvrce et al. 2015). Additionally,
genetic variants in APOE and APOA5, which
regulate  lipid metabolism, affect the
pharmacodynamic response to atorvastatin

(Mega et al. 2009). For instance, individuals with
the APOE €2 allele tend to exhibit a greater
reduction in LDL-C, while the &4 allele is
associated with a diminished response
(Thompson et al. 2009; Mega et al. 2009).

6. Genetic Determinants of Atorvastatin
Efficacy and Safety
Numerous pharmacogenetic studies have
investigated the association of specific gene
variants with the efficacy and safety of
therapy.
pharmacogenetic effects of each allele vary
greatly among studies conducted in different
ethnic groups (Table 1).
6.1.SLCO1B1
In Europeans, rs4149056 was significantly

atorvastatin Heterogeneity  in

associated with atorvastatin blood levels,
identifying it as the strongest predictor of
pharmacokinetic variability and risk for statin-
induced myopathy (Zubiaur et al. 2021). In a
cohort from the UK Biobank, SLCO1BI1 variants
(*5, *15, *20) were associated with reduced LDL-
lowering response, increased statin
discontinuation, and muscle symptoms
(Tirkmen et al. 2024). In the ODYSSEY
OUTCOMES trial, rs4149056 showed no
association with statin-induced adverse effects,
suggesting variable effects across populations
(Murphy et al. 2022). No significant association
was found between SLCOIBI1 rs4149056 and
adverse effects in South Indian patients
(Ramakumari et al. 2018). In patients with
hyperlipidemia, those carrying the SLCO1B1
521CC genotype showed a reduced lipid-
lowering response to atorvastatin, while MDR1
(3435C>T) polymorphism had no significant
effect (Sivkov et al. 2021). In Chilean
hypercholesterolemic ~ patients, =~ SLCO1B1
rs2306283 was associated with greater HDL-C,
while LDL-C reduction was not significantly
influenced (Prado et al. 2015). In Brazilian cohort
of FH patients, SLCO1B1 variants rs2306283 and
rs4149056 showed no significant association
with atorvastatin-induced-myalgia or elevated
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Table 1: Genetic polymorphisms Associated with Atorvastatin Efficacy/Safety

Gene  Polymorphism Effect Reference
SLCO1B1 rs4149056 TMyopathy risk; |LDL-C response Zubiaur et al. 2021;
Tiirkmen et al. 2024
rs4149056 No association with adverse effects Murphy et al. 2022;
Ramakumari et al. 2018
rs4149056 JLipid-lowering response Sivkov et al. 2021
rs2306283 tHDL-C; no LDL-C effect Prado et al. 2015
rs4149056 No association with myalgia Santos et al. 2012
rs4149056 TMild side effects and discontinuation; De Keyser et al. 2014
gene-dose effect
CYP3A4  1s35599367 lDose needed; | metabolism Wang et al. 2010; Klein
et al. 2012
1rs2242480 JLDL-C in ischemic stroke patients Peng et al. 2018
rs2740574 tLipid profile; 1LDL-C; |LDL-C response  Rosales et al. 2012;
Kajinami et al. 2004;
Kadam et al. 2016
CYP3A5  rs776746 TLDL-C reduction; T myopathy risk; no Kivisto et al. 2004;
association Wilke et al. 2005; Xia et
al. 2018; Ramakumari et
al. 2018
ABCB1 152235029, T Atorvastatin concentrations Kim et al. 2022
rs3214119,
rs1922242
rs1045642 Influences LDL-C response Bharath et al. 2022
rs1128503, TRisk of SAMS Lalatovic¢ et al. 2023
rs2032582
APOA5 1s33984246, T Atorvastatin concentrations Kim et al. 2022
rs3135507
ApoB 15676210 TLDL-C reduction Abdulfattah and Al-
Awadi 2021
APOE rs7412 TLDL-C reduction; Mega et al. 2009
rs429358 JAtorvastatin response
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levels of creatine kinase levels, suggesting a
statin-specific genetic effect (Santos et al. 2012).
In the Rotterdam Study (Netherlands), SLCO1B1
c.521C allele carriers on high-dose atorvastatin
(>20 mg) had a significantly higher risk of dose
reduction or switching, suggesting a dose-
dependent risk of statin intolerance linked to
this variant (De Keyser et al. 2014). In the
STRENGTH study, SLCO1B1*5 (rs4149056) was
associated with an increased risk of mild statin-
induced side effects, including discontinuation
and myalgia, with a gene-dose effect observed
across statin types including atorvastatin (De
Keyser et al. 2014).

6.2.CYP3A4
In statin-treated patients, carriers of the
CYP3A4*22 (rs35599367 T allele) required
significantly lower atorvastatin doses for lipid
control due to reduced hepatic CYP3A4
expression and activity (Wang et al. 2010). The
CYP3A4 189F/S variant was linked to increased
HDL-C in Indian patients (Poduri et al. 2010).
The CYP3A41G variant was associated with
greater total cholesterol reduction in Chinese
individuals (Gao, Zhang, and Fu 2008).
The 752242480 variant correlated with lower
LDL-C levels in Chinese ischemic stroke patients
(Peng et al. 2018). CYP3A41B (rs2740574) was
associated with enhanced lipid profile
improvement in Chilean patients (Rosales et al.
2012) but the same allele was linked to increased
LDL-C levels in Americans (Kajinami et al. 2004)
and reduced LDL-C response in Indians (Kadam
et al. 2016). The CYP3A422 (rs35599367) allele in
Finnish subjects was linked to decreased
metabolism and altered efficacy of atorvastatin
(Klein et al. 2012).

6.3. CYP3A5
CYP3A53 homozygotes in Europeans had better
LDL-C and total cholesterol reductions than
CYP3A51 carriers (Kivisto et al. 2004). The
CYP3A53/3 genotype was associated with
increased risk of severe myopathy in Americans
(Wilke, Moore, and Burmester 2005). The
rs776746 (CYP3A53)* variant was linked to

higher  atorvastatin  concentrations and
myopathy risk in Chinese individuals (Xia et al.
2018). No significant association between
CYP3A53/3* genotype and atorvastatin-induced
adverse effects was found in South Indian
patients (Ramakumari et al. 2018).
6.4.ABCB1

The ABCBI1 gene encodes P-glycoprotein, an
ATP-dependent efflux transporter that plays a
key role in the intestinal absorption, hepatic
disposition, and systemic exposure of
atorvastatin (Neumann, Rose-Sperling, and
Hellmich 2017). Genetic polymorphisms in
ABCBI can alter P-glycoprotein expression or
transport activity, leading to variability in
atorvastatin bioavailability, systemic exposure,
and susceptibility to adverse effects.

In Koreans, variants in ABCB1 (rs2235029_C,
rs3214119_T, rs1922242_T) were associated with
increased atorvastatin blood concentrations
(Kim et al. 2022). In Indian coronary artery

disease patients, SLCO1B1 (rs4149056,
rs4363657) and ABCBI1 (rs1045642)
polymorphisms significantly influenced

atorvastatin's lipid-lowering efficacy, with a
synergistic effect observed in combined
genotypes (Bharath et al. 2022). In Serbian
population, ABCBI polymorphisms (1236C>T,
2677G>T/A,  3435C>T) was  significantly
associated with increased risk of atorvastatin-
induced SAMS, highlighting the potential of
ABCB1 genotyping in clinical practice to
determine the impacts of genetic variants in
atorvastatin efficacy and adverse impacts
(Lalatovi¢ et al. 2023).
6.5.APOA5, ApoB, ApoE

Variants in APOAb5 (rs33984246_G, rs3135507_T)
in Koreans were associated with increased
atorvastatin concentrations (Kim et al. 2022). In
Iraqis, ApoB 1rs676210 (Pro2739Leu) AA
genotype was linked to greater LDL-C reduction
following atorvastatin therapy (Abdulfattah and
Al-Awadi 2021). APOE €2 carriers experienced
greater LDL-C reduction and better target
attainment post-ACS than 4 carriers (Mega et
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al. 2009). In Amerindian Chilean individuals,
APOE ¢ 3/4 genotype was associated with a
significantly weaker LDL-C reduction in
response to atorvastatin compared to E3/3
carriers, while LDLR rs5925 showed no effect
(Lagos et al. 2015).

7. Discussion and Recommendations
Hyperlipidemia is a major modifiable risk factor
for cardiovascular disease, with both genetic and
environmental etiologies (Ahangari et al. 2018).
Statins remain as the first line treatment option
for treatment of hyperlipidemia (Mach et al.
2020). Atorvastatin treatment result in
significant reduction in lipid levels and are being
prescribed widely (Roth 2002). This review
highlights the significant influence of genetic
variability on the
pharmacodynamics, and safety profile of
atorvastatin. Polymorphisms in genes encoding
drug-metabolizing enzymes (CYP3A4, CYP3Ab5),
transport proteins (SLCO1B1, ABCG2), and lipid
regulatory pathways (LDLR, APOE) contribute
substantially to interindividual differences in
atorvastatin response. Among the most
clinically relevant findings is the SLCO1B1
c.521T>C (rs4149056) variant, which has been
consistently associated with reduced hepatic
uptake of atorvastatin and an increased risk of

pharmacokinetics,

statin-associated muscle symptoms (SAMS)
(Pasanen et al. 2007). Similarly, polymorphisms
in CYP3A5 (e.g., CYP3A5 *3/*3) and ABCG2
(rs2231142) have been linked to altered
atorvastatin exposure, although the clinical
relevance of these variants may vary across
populations. However, a recent meta-analysis
suggests that there might be a publication bias
that overestimates the importance of the
SLCO1BI1 genotype, which should be considered
in designing guidelines and recommendations
for prescribing statins (Gougeon et al. 2025).

Despite promising advances, the translation of
pharmacogenetic findings into routine clinical
practice remains limited. One major challenge is
the underrepresentation of certain populations,

including those from South Asia and Africa, in
existing studies. The frequency and impact of
genetic variants can differ markedly by
ethnicity, and findings from one population may
not be generalizable to others. Moreover, most
studies to date have focused on single
polymorphisms; however, a polygenic or multi-
gene approach may provide more accurate
predictions of drug response (Zhai et al. 2022).
Large-scale, multi-ethnic cohort studies are
necessary to confirm consistent associations and
understand population-specific variations.

In addition to genetic factors, non-genetic
contributors, such as age, sex, diet,
comorbidities, and other medications also
influence atorvastatin efficacy and safety (Sainz
de Medrano Sainz and Brunet Serra 2023).
Therefore, while pharmacogenetic testing holds
promise, it should be integrated into a broader
precision medicine framework that considers
both genetic and clinical variables. Integrating
pharmacogenetic screening into routine clinical
decision-making for statin therapy can identify
patients at risk of statin-induced myopathy or
poor response can help clinicians customize
lipid-lowering strategies accordingly. In cases
where genetic variants reduce atorvastatin
efficacy, clinicians should consider alternative
lipid-lowering treatments. This includes non-
statin therapies such as proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors,
bempedoic acid, lomitapide etc. or combination
therapies personalized to the patient's genetic
and metabolic profile.

8. Conclusion
In conclusion, the relationship between
pharmacogenetics and  statin  therapy,
particularly atorvastatin, offers a possibility for
optimizing hyperlipidemia treatment and
improving patient outcomes. The polymorphic
nature of genes such as APOE, CYP3A4,
CYP3A5, CETP, ABCB1, ABCG5/8, and SLCO1B1
has been shown to significantly influence
individual responses to atorvastatin, paving the
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way for personalised lipid-lowering strategies.
Interethnic differences in treatment responses
point to the necessity of considering population-
specific data when designing therapeutic
strategies. Integrating genetic screening into
routine clinical practice could aid in identifying
individuals most likely to benefit from
atorvastatin therapy. Further studies aiming to
explore a broad range of genetic markers,
including less-studied SNPs and gene-gene
interactions can be helpful in understanding
atorvastatin pharmacogenetics. As the field of
precision medicine continues to expand,
integrating pharmacogenetics into routine
cardiovascular care may significantly enhance
patient outcomes ultimately leading to reduced
ASCVD burden.
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