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Abstract 

Introduction Atorvastatin is regarded as the most frequently prescribed statin worldwide for dyslipidemia. However, 

clinical response and risk of adverse effects to statin therapy are associated with genetic variations. Numerous research 

linked statins pharmacokinetics (PK) variations to genetic polymorphisms in cytochromes P450 (CYPs) metabolic enzymes.

Objective This article reviews the association between CYP3A4/5 genetic variations and response to atorvastatin 

therapy globally, which includes atorvastatin PK, and the risk for adverse reactions, with a hint to the Egyptians.

Methods Up to March 30, 2022, electronic medical databases like PubMed, Web of Science, MEDLINE, and Egyptian 

Knowledge Bank (EKB) were searched. All articles that highlighted the relationship between CYP3A4/5 genetic poly-

morphisms and atorvastatin efficacy/safety profile were included in this review.

Results Initially, 492 articles were retrieved after an exhaustive search. There were 24 articles included according to 

the inclusion criteria. Findings of association studies of CYP3A4/5 genetic polymorphisms with response to atorvasta-

tin varied among different ethnicities. CYP3A4*1B was associated with better therapeutic outcomes after atorvastatin 

therapy in Chileans and vice versa in Americans. Caucasians with myalgia while using atorvastatin were at significant 

risk of suffering severe muscle damage if they were carriers of CYP3A5*3/*3. As far as we can report for the Egyptian 

population, the impact of CYP3A4/5 genetic variations on the response to atorvastatin therapy was understudied.

Conclusion More pharmacogenetic studies amongst diverse populations worldwide, like the Egyptian population, 

are necessary to detect further atorvastatin-gene interactions.

Keypoints 

• CYP3A4/CYP3A5 genetic polymorphisms could influence the efficacy and safety of atorvastatin.

• Numerous research results linking CYP3A4/5 genetic polymorphisms to atorvastatin response varied by ethnicity.

• CYP3A4/5 genetic polymorphisms’ role in atorvastatin response in the Egyptian population has received little 

attention.
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Graphical Abstract

Introduction

Pharmacogenetics  is a practical approach that predicts 

both sub-therapeutic responses to pharmacologic treat-

ments and increased risks of adverse drug reactions [1]. 

Natural genetic variations in human genes result in dif-

ferent responses to drug treatments [2]. Pharmacoge-

netics is essential in assessing the influence of genetic 

mutations on responses to pharmacologic therapies [3]. 

CYPs metabolize a great deal of clinically used medi-

cations [4]. Any noticeable change in the levels of the 

metabolites could occur, in part, due to genetic poly-

morphisms of these vital enzymes, resulting in changes 

in the therapeutic outcomes of drugs [5, 6]. The metab-

olism of drugs is considered an essential process that 

determines responses to medications, adverse effects, 

and pharmacokinetics [6]. The strategies of precise 

medicine will necessitate screening genotypes and phe-

notypes [7]. Several investigations have been conducted 

to study the influence of CYPs’ genetic variations on 

the pharmacokinetics of drugs [6]. In the same context, 

having CYPs polymorphisms can be considered a risk 

factor for developing myopathy and hepatic injury due 

to statin therapy [8]. CYPs’ genetic variations result 

in differences in medication responses among people 

from different ethnicities [9–11].

Differences in the pharmacokinetics of statins were 

related to genetic polymorphisms in metabolic enzymes 

such as CYP3A4 and CYP3A5 [12]. Atorvastatin is con-

sidered one of the most recommended medications and 

the utmost extensively prescribed statin worldwide [13]. 

It is, however, associated with several adverse reactions, 

such as nausea, nasopharyngitis, insomnia, urinary tract 

infections, elevation in hepatic enzymes, diarrhea, dys-

pepsia, myalgia, and arthralgia [14]. Statin-related mus-

cle symptoms are the frequently reported statin-induced 

reactions, whereas liver toxicities and central nervous 

system manifestations are less common. Statin-induced 

adverse reactions lead to noticeable morbidities, more 

costs, and non-adherence or discontinuation of statin 

therapy [15, 16].

In Egypt, 46% of overall deaths are related to cardio-

vascular diseases (CVD) [17, 18]. Dyslipidemia increases 

the risk of CVD. Several studies showed that high blood 

cholesterol had been found in 37% of Egyptians [18–20]. 



Page 3 of 11Maslub et al. European Journal of Medical Research          (2023) 28:381  

Hydroxymethyl glutaryl-CoA (HMG-CoA) reductase 

inhibitors (statins) are the primary pharmacotherapy for 

dyslipidemia [21].  Statin monotherapy  is the lipid-low-

ering pharmacologic treatment used among Egyptians, 

with atorvastatin as the most commonly prescribed sta-

tin in Egypt [22]. Responses to statins show apparent 

interpersonal deviations [21]. These response variations 

develop a significant clinical problem [5, 6].

Results of association studies of either CYP3A4 or 

CYP3A5 genetic polymorphisms with atorvastatin-

induced adverse reactions or atorvastatin efficacy were 

controversial or inconsistent [23]. Accordingly, this arti-

cle aims to review the association between CYP3A4/5 

genetic variations with response to atorvastatin pharma-

cological treatment in different ethnic groups, focusing 

on the Egyptian population.

Materials and methods

Study eligibility

This review includes journal articles that are full-text, 

peer-reviewed, and limited to the English language. The 

selected articles represented clinical trials, retrospective 

or prospective observational studies, review articles, or 

in vitro studies. The nominated articles must include the 

association between CYP3A4/CYP3A5 polymorphisms 

and atorvastatin response/safety profile.

Search strategy

An electronic search was conducted up to March 30, 

2022. The search involved electronic medical databases 

like Web of Science (Clarivate Analytics), PubMed, 

MEDLINE (Clarivate Analytics), and the appreciable 

electronic library "Egyptian Knowledge Bank (EKB)," 

permitting significant search resources absolutely for 

Egyptians. The following 5 phases queries were used: 

((CYP3A5) AND (polymorphism)) AND (atorvastatin) 

for phase 1, ((CYP3A4) AND (polymorphism)) AND 

(atorvastatin) for phase 2, (((CYP3A5) AND (poly-

morphism)) AND (atorvastatin)) AND (adverse effect) 

for phase 3, (((CYP3A4) AND (polymorphism)) AND 

(atorvastatin)) AND (adverse effect) for phase 4, and 

((Cytochromes P450) AND (atorvastatin)) AND (Egypt) 

for phase 5.

Selection of articles

Screening for eligibility was accomplished through three 

stages: In stage one, the titles were evaluated for rel-

evance. In stage two, abstracts were screened for being 

eligible. Finally, in stage 3, full-text articles of selected 

abstracts were assessed (methodology and results) 

for their eligibility to be included in this review. Exclu-

sion criteria included non-English language literature, 

duplicate articles, irrelevant methodology to the objec-

tives, and books.

Data extraction

Data were extracted by (MGM) who separately appraised 

all the designated articles to extract the relevant ones for 

this review. One researcher (MGM) accomplished the 

inclusion process, and in case of uncertainty about article 

inclusion, a second researcher (MAR) was consulted.

Results

Search results

Figure 1 shows that an initial list of 492 retrieved articles 

included 141 articles for phase 1, 183 articles for phase 

2, 84 articles for phase 3, 84 articles for phase 4, and 

no articles for phase 5. Regarding phase 1, the 141 arti-

cles included 11 articles from PubMed, 26 articles from 

MEDLINE, 44 from Web of Science, and 60 from EKB. 

For phase 2, the 183 articles included 12 articles from 

PubMed, 35 from MEDLINE, 71 from Web of Science, 

and 65 from EKB. For phase 3, the 84 articles included 

three articles from PubMed, eight from MEDLINE, eight 

from Web of Science, and 65 from EKB. Finally, for phase 

4, the 84 articles included three articles from PubMed, 

nine from MEDLINE, nine from Web of Science, and 63 

from EKB. Table  1 illustrates eligible and selected arti-

cles (i.e., n = 24) included in this review according to the 

inclusion criteria.

Response to atorvastatin

Table 2 demonstrates the effect of CYP3A4/5 genetic var-

iations on atorvastatin response.

Atorvastatin therapeutic effect

Atorvastatin is predominantly metabolized to active 

metabolites by CYP3A4 [21, 24–28]. Moreover, the 

in  vitro study carried out by Park et  al. proved that 

CYP3A4 and CYP3A5 were responsible for 85% and 15% 

of atorvastatin metabolism, respectively. Moreover, inter-

personal variations in CYP3A metabolic pathways are 

pronounced (20–40-fold), potentially related to genetic 

polymorphisms of genes encoding CYP3A4/CYP3A5 

enzymes. Thus, these genetic variations, particularly 

CYP3A4 polymorphisms, could substantially impact the 

therapeutic effect of atorvastatin [28].

Effects of  CYP3A4 polymorphism A review article 

showed that atorvastatin and several statins’ metabolic 

pathways depend on CYP3A4. Therefore, any mutation 

in this gene could result in a significant alteration in the 

PK of these statins [24]. The outcome of Maekawa et al. in 

vitro  study illustrated that CYP3A4*16 variant found in 
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East Asia had more than 60% decreased functional activ-

ity for atorvastatin. Furthermore, the study concluded that 

the clinical significance of the results should be examined 

in other prospective studies [29]. In this context, Jani et al. 

reported that a genetic mutation in CYP3A4 can result in 

variation in the pharmacologic properties of statins like 

atorvastatin. The study found that genetic variations in 

CYP3A4 gene influenced CYP3A4 enzyme activity and 

affected atorvastatin metabolism in 125 Indian subjects 

in Gujarat [30].

Positive consequences of polymorphism

Increase in serum HDL-C level: Genetic mutations in 

CYP3A4 and other five genes affected the therapeutic 

efficacy of atorvastatin in Indians, suffering from coro-

nary artery disease. Poduri et al. reported CYP3A4 allele 

(189F/S) was linked to elevated high-density lipoprotein 

cholesterol (HDL-C) levels after atorvastatin therapy 

(P<0.05) [31].

Decrease in serum total cholesterol: Moreover, Gao et al. 

found that the decline of total cholesterol (TC) serum 

level was related to CYP3A4*1G mutation in Chinese sub-

jects with hyperlipidemia. The mean percentage decrease 

in serum TC level was 20.9±5.0% (*1G/*1G), 17.8±3.8% 

(*1/*1G), and 16.8±3.3% (*1/*1), respectively (P<0.01). 

Therefore, this genetic polymorphism in CYP3A4 

increased the efficacy of atorvastatin therapy [32].

Decrease in serum LDL-C level: Peng et  al. reported 

that a single nucleotide polymorphism (SNP) of CYP3A4, 

rs2242480, was associated with a reduction in serum 

LDL-C level among Chinese patients with ischemic 

stroke (P = 0.049) [33]. In this context, Kajinami et  al. 

reported that M445T variant of CYP3A4 gene was asso-

ciated with a significantly lower pretreatment serum 

LDL-C levels (11.2%) in carriers of this variant relative 

to non-carriers. In addition, in the M445T allele carriers, 

a higher LDL-C lowering response to atorvastatin was 

Fig. 1 Illustrates the inclusion criteria for selected articles in this review. Five search phases are shown up to March 30, 2022, that involved 

electronic medical databases like PubMed, Web of Science, MEDLINE, and Egyptian Knowledge Bank (EKB). The following queries were used to get 

eligible articles for this review: ((CYP3A5) AND (polymorphism)) AND (atorvastatin) for phase 1, ((CYP3A4) AND (polymorphism)) AND (atorvastatin) 

for phase 2, (((CYP3A5) AND (polymorphism)) AND (atorvastatin)) AND (adverse effect) for phase 3, (((CYP3A4) AND (polymorphism)) AND 

(atorvastatin)) AND (adverse effect) for phase 4 as well as, ((Cytochromes P450) AND (atorvastatin)) AND (Egypt) for phase 5. This review includes 

only 24 articles after excluding non-English language literature, books, and literature unrelated to the aim.. a. (PMs): polymorphisms, b.(ATV): 

atorvastatin, c.(Pub): PubMed, d. (MED): MEDLINE, e. (WOS): Web of Science, f. (EKB): Egyptian Knowledge Bank
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detected among 340 Americans suffering from primary 

hypercholesterolemia, although it failed to reach statisti-

cal significance [24, 34].

Improvement in serum lipid and lipoprotein lev-

els: Furthermore, Alexy Rosales, et  al. studied Chil-

ean patients and revealed that CYP3A4*1B (-290A>G, 

rs2740574) was linked to enhanced therapeutic 

outcomes after four weeks of atorvastatin pharma-

cological treatment. This variant led to a substan-

tial reduction in TC and LDL-C with a significant 

increase in HDL-C. The mean percentage change in 

serum TC was − 16.1±9.1% (A/A), and − 24.4±11.8% 

(A/G), respectively (P<0.001). For serum LDL-C, it 

was −  22.2±13.5% (A/A), and −  36.4±17.8% (A/G), 

respectively (P<0.001). In addition, for serum HDL-C, 

it was 14.9±13.0% (A/A), and 31.8±16.1% (A/G), 

respectively (P<0.001) [21].

Negative consequences of polymorphism

Increase in serum LDL-C level: From the same per-

spective, CYP3A4 genetic polymorphisms could decrease 

the pharmacological effect of atorvastatin. For example, 

Kajinami et al. showed that after 52 weeks of atorvasta-

tin therapy (10 mg/day), the A-290G mutant allele of 

CYP3A4 (CYP3A4*1B) was related to increased levels of 

LDL-C in 340 American subjects with hypercholester-

olemia (P<0.05) [24, 34, 35].

Less serum LDL-C level decline: After 8 weeks of 

atorvastatin treatment (10 mg/day) among 177 Indi-

ans, Kadam et  al. illustrated that the variant-allele of 

Table 1 Main objectives of the 24 articles eligible for inclusion in this review

a. (PMs): polymorphisms, b. (ABCB1): ATP-binding cassette transporter B1, c. (CYP): Cytochrome P450 enzyme, d. (PK): pharmacokinetics, e. (SLCO1B1): solute carrier 

organic anion transporter family member 1B1, f.(CAD): coronary artery disease, g.(LDL-C): low-density lipoprotein-cholesterol, h. (UHPLC-MS/MS): ultra-high-

performance liquid chromatography coupled with tandem triple quaternary mass spectrometry, i. (ADRs): adverse drug reactions

S.no Author (s) Main Objective (s)

1 Dagli-Hernandez et al. [15] To review clinical trials on pharmacogenomics of statins regarding the Brazilian population

2 Rosales et al. [21] To evaluate the response to atorvastatin in Chilean hypercholesterolemic patients with  PMsa in  ABCB1b,  CYP3A5c, 
and  CYP3A4c genes

3 Shitara, Sugiyama. [24] To review statins’  PKd and physicochemical issues and specific aspects such as  PMsa that could affect  PKd

4 Kivistö et al. [25] To investigate whether  CYP3A5c expression results in poor response to statin therapy in Caucasians

5 Zubiaur et al. [26] To evaluate the impact of  SLCO1B1e phenotype on atorvastatin exposure by conducting a candidate gene phar-
macogenetic research

6 He et al. [27] To assess the influence of CYP3A4*1Gc variant on atorvastatin  PKd in China’s Han subjects with  CADf

7 Park et al. [28] To evaluate the contributions of  CYP3A5c and  CYP3A4c to atorvastatin metabolism

8 Maekawa et al. [29] To assess, in vitro, the influence of CYP3A4*18c and CYP3A4*16c on the enzymatic function required for the 
metabolism of several drugs, including atorvastatin

9 Jani et al. [30] To investigate  CYP450c genetic  PMsa among Gujarat subjects in India depending on atorvastatin as a probe

10 Poduri et al. [31] To examine the influence of  PMsa of six specific genes on the therapeutic effect of statins in subjects suffering  CADf

11 Gao et al. [32] To investigate the influence of CYP3A4*1Gc  PMa on statins therapy

12 Peng et al. [33] To illustrate the association between  CYP450c genetic  PMsa and response to atorvastatin in Chinese patients with 
ischemic stroke

13 Kajinami et al. [34] To study the effect of three  CYP3A4c variant alleles on atorvastatin treatment

14 Willrich et al. [35] To summarize findings from previous studies on variations in responses to statins due to  CYP3Ac  PMsa

15 Kadam et al. [36] To screen LDL-Cg level after atorvastatin treatment in Indian carriers of genetic  PMsa in several enzymes involved in 
the pharmacodynamics and  PKd of statins

16 Klein et al. [37] To examine the effect of genetic mutations on the phenotype of  CYP3A4c in human hepatocytes and participants 
using atorvastatin

17 Kolovou et al. [38] To investigate the effect of CYP3A5*3c  PMsa on the lipid profile after atorvastatin or simvastatin treatment

18 Willrich et al. [39] To assess the impact of  CYP3A5c  PMsa on statins efficacy in 139 hypercholesterolemic Brazilians

19 Vrablik et al. [40] To review literature about statin-induced myopathy

20 Becker et al. [41] To investigate the influence of  CYP3A4c and  ABCB1b  PMsa on intolerance to atorvastatin or simvastatin treatment

21 Xia et al. [42] To develop and validate a UHPLC-MS/MSh approach for studying atorvastatin calcium  PKd in healthy carriers of 
certain genotypes

22 Liu et al. [43] To explore the impact of microRNA on the inherited malfunctioning CYP3A4/5c enzymes and atorvastatin metabo-
lism

23 Wilke et al. [44] To investigate the assumption that carriers of CYP3A5*3c or CYP3A4*1Bc are at risk of myopathy due to atorvastatin

24 Benes et al. [45] To review the risks for  ADRsi of commonly recommended statins
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CYP3A4  rs2740574  was associated with a lower LDL-C 

serum level reductions than the wild-type allele (P<0.05) 

[36].

Decrease in AUC 0–∞
: Klein et  al. studied 56 Finn-

ish subjects and analyzed atorvastatin and its dominant 

metabolite 2-OH-atorvastatin (CYP3A4-dependent) 

concerning specific SNPs. The results demonstrated that 

CYP3A4*22, the T variant of the SNP  rs35599367, was 

associated with a decrease in 2-OH-atorvastatin/atorv-

astatin area under the plasma concentration-time curve 

(AUC0–∞) ratio (P<0.001). This study concluded that 

SNP  rs35599367  (CYP3A4*22) could imply variation in 

response to atorvastatin and other CYP3A4 substrates 

[37]. Moreover, He et al. illustrated that the CYP3A4*1G 

variant affects atorvastatin and 2-OH-atorvastatin PK 

in 20 Han Chinese subjects with coronary artery dis-

ease. CYP3A4*1G/*1G genotype was associated with less 

AUC0–∞ for both atorvastatin and 2-OH-atorvastatin 

than *1/*1 or the *1/*1G genotypes (P<0.05) [27].

Effects of  CYP3A5 polymorphism Carriers of at least a 

copy of CYP3A5*1 allele (wild-type) express CYP3A5 

protein, whereas CYP3A5*3 homozygotes are designated 

as CYP3A5 non-expressors [25]. A study reported the 

genotype frequency of the CYP3A5 genetic variations in 

350 unrelated Greek Caucasian cases with primary hyper-

cholesterolemia: 13.4% for expressors and 86.6% for non-

expressors (homozygous) subjects [38]. CYP3A5 enzyme 

is not expressed in about 90% of Caucasians [25].

Positive consequences of polymorphism

Improvement in serum lipid and lipoprotein levels: 

CYP3A5*3 allele led to an improvement in response to 

atorvastatin. Kari T. Kivistö et  al. studied 46 Europeans 

Table 2 Overview of CYP3A4/5 polymorphisms effect on the response to atorvastatin

a. (CYP): Cytochrome P450 enzyme, b. (HDL-C): high-density lipoprotein cholesterol, c. (TC): total cholesterol, d. (LDL-C): low-density lipoprotein-cholesterol, e. (AUC0–

∞): area under the plasma concentration–time curve, f. (TG): triglyceride, g. (Cmax): maximum plasma concentration, h. (ABCB1): ATP-binding cassette transporter B1, 

i. (AUC): the area under the curve, j. (DW): dose/weight

Response Gene SNP rs Number Association

Efficacy CYP3A4a *1B rs2740574 Decreased  TCc and LDL-Cd with a significantly elevated HDL-Cb in Chilean patients 
(P < 0.001) [21]

Increased LDL-Cd level in American subjects (P < 0.05) [24, 34, 35]

Low LDL-Cd serum level reductions in Indians (P < 0.05) [36]

*1G rs2242480 Decreased serum  TCc level in Chinese patients (P < 0.01) [32]

Reduced serum LDL-Cd level among Chinese patients (P = 0.049) [33]

Low (AUC 0–∞
)e for both atorvastatin and 2-OH-atorvastatin in China’s Han subjects 

(P < 0.05) [27]

*3 (M445T) rs4986910 Low pretreatment serum LDL-Cd level in Americans (P = 0.032) [24, 34]

High LDL-Cd lowering response to atorvastatin in Americans; however, it failed to reach 
statistical significance [24, 34]

*16 (T185S) rs12721627 More than 60% reduced functional activity for atorvastatin (in vitro study). Further 
research is necessary to investigate the clinical relevance [29]

*17 (189F/S) rs4987161 Increased HDL-Cb level after atorvastatin therapy in Indians (P < 0.05) [31]

*22 rs35599367 Reduced 2-OH-atorvastatin/atorvastatin (AUC 0–∞
)e ratio in Finnish subjects (P < 0.001) [37]

CYP3A5a *3 rs776746 Low serum  TCc and LDL-Cd levels in Europeans (Caucasian subjects) (P < 0.05) [24, 25, 35]

Decreased LDL-Cd,  TCc, and  TGf serum levels in Greek subjects (P < 0.05) [38]

*3A *1D
C31611T

rs17161788 A slight decline in serum  TCc and LDL-Cd in non-Afro-Brazilians (P < 0.05) [35, 39]

*3C
A6986G

rs776746

Safety CYP3A4a *1B rs2740574 A significant elevation in atorvastatin  Cmax
g in Chinese subjects (risk of atorvastatin intol-

erance due to high atorvastatin exposure) [42]

Decreased risk of statin intolerance in Dutch subjects, particularly in females and carriers 
of (3435T) allele of the transporter  ABCB1h (P < 0.05) [41]

*1G rs2242480 Increased atorvastatin  Cmax
g in Chinese volunteers [42]

CYP3A5a *3 rs776746 Severe muscle damage due to the decrease in atorvastatin metabolism in Caucasian 
(American) subjects with European ancestry (P < 0.05) [43, 44]

Risky elevated atorvastatin  Cmax
g in Chinese subjects [42]

Less atorvastatin (acid form) exposure (less AUC i/DWj and  Cmax
g/DWj) than CYP3A5*1a 

(p = 0.004 and 0.018, respectively) in Caucasians, Latin Americans, Blacks, and Arabs 
recruited in a Spanish study [26]
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(Caucasian subjects) and revealed that atorvastatin was 

significantly less effective in the carriers of CYP3A5*1 

(expressors) than in the carriers of CYP3A5*3 (non-

expressors). After 12 months of treatment, the mean 

serum TC and LDL-C levels were higher in the expressors 

of CYP3A5 (P<0.05) [24, 25, 35]. Moreover, Genovefa 

Kolovou et  al. revealed that LDL-C, TC, and triglycer-

ide (TG) serum levels were decreased significantly after 

atorvastatin treatment in 175 Greek carriers of both 

CYP3A5*3/*3 and CYP3A5*1/*3 genotypes (P<0.05) [38].

Negative consequences of polymorphism

Decline in response to atorvastatin: A review by 

Dagli-Hernandez et  al. about clinical trials in Brazilians 

showed that variations in the CYP3A5 gene were asso-

ciated with a reduction in response to atorvastatin and 

simvastatin therapy [15]. In the same context, a Bra-

zilian study involving 139 subjects illustrated that the 

CYP3A5*3A variant (*1D and *3C combined variants) 

was linked to a decrease in cholesterol-lowering response 

to atorvastatin-4 weeks therapy in non-African subjects 

only. In this study, 93 subjects with non-African ances-

try were recruited, and the remaining 46 individuals were 

Africans [35, 39]. Non-Africans carrying the CYP3A5*3C 

allele (*3C/*3C genotype) had less decline in serum TC 

and LDL-C than carriers of CYP3A5*1A allele after ator-

vastatin treatment (P<0.05). In addition, the CYP3A5*1D 

analysis illustrated that for the *1D variant (*1D/*1D 

genotype) among non-Africans, carriers had less reduc-

tion of TC and LDL-C levels than carriers of CYP3A5*1A 

allele after atorvastatin treatment (P<0.05) [39].

Atorvastatin safety profile

Effects of  CYP3A4 polymorphism A review by Vrablik 

et  al. indicated that mutant alleles within CYP3A4 have 

been proposed to be linked to myopathy as an adverse 

effect of stains. Moreover, CYP3A4 has been indirectly 

associated with myopathy in atorvastatin users due to its 

overrepresentation in these patients needing dose reduc-

tion or switching from atorvastatin to alternatives [40, 

41]. Furthermore, Xia et al. screened 187 Chinese subjects 

for wild alleles CYP3A4*1B (rs2740574) and CYP3A4*1G 

(rs2242480) in addition to other genes involved in atorv-

astatin metabolism and transport in vivo. However, only 

six candidates were enrolled to study atorvastatin PK. As 

a result, atorvastatin’s maximum plasma concentration 

(Cmax) was significantly elevated (high atorvastatin expo-

sure). In addition, one subject of the candidates was ter-

minated during the study due to atorvastatin intolerance 

[42]. However, according to Becker et  al. cohort study, 

the G allele of CYP3A4*1B in Dutch users of atorvasta-

tin or simvastatin was linked to a reduced risk for statin 

intolerance, specifically among females and carriers of the 

mutant allele (3435T) of the transporter ABCB1 [41].

Effects of CYP3A5 polymorphism Liu et al. in vitro study 

showed that atorvastatin metabolism is decreased and 

significantly associated with CYP3A5*3. In addition, the 

two atorvastatin metabolites, para-OH-atorvastatin and 

ortho-OH-atorvastatin, were significantly reduced in car-

riers of CYP3A5*3/*3 [43]. This finding was consistent 

with severe muscle damage associated with CYP3A5*3/*3 

[43, 44]. Wilke et al. conducted an American retrospective 

case-control study on 137 Caucasian subjects with Euro-

pean ancestry. It showed that the CYP3A5*3 variant was 

allied to the increase in the serum level of creatine kinase 

(CK) in the case of individuals with myalgia. The study 

concluded that individuals with myalgia while using ator-

vastatin were at a high risk of developing a severe myo-

pathy if they were carriers of the CYP3A5*3/*3 genotype 

(P<0.05) [44, 45]. Also, the previously mentioned Chinese 

study on atorvastatin PK by Xia et al. illustrated the signif-

icant elevation in atorvastatin Cmax. This risky elevation 

was also associated with the allele CYP3A5*3(rs776746) 

in addition to the previously stated genes for atorvas-

tatin metabolism and other two genes for atorvastatin 

transport: solute carrier organic anion (SLCO) trans-

porter; (SLCO1B1 388A>G (rs2306283) and SLCO1B1 

521T>C(rs4149056)) [42]. Quite the opposite, a Spanish 

pharmacogenetic study by Zubiaur et al. on 156 subjects 

(81 Caucasians, 70 Latin Americans, and 5 Blacks or 

Arabs) showed that atorvastatin accumulation was higher 

among CYP3A5*1/*1 carriers than *1/*3 or *3/*3 carri-

ers. The authors justified this novel finding by illustrat-

ing the first-pass effect on the administered acid form of 

atorvastatin. Therefore, regarding the CYP3A5*1/*1 gen-

otype, atorvastatin was metabolized to a greater extent 

in the gut. This genotype resulted in active metabolites 

and inhibitors of CYP3A4 (responsible mainly for ator-

vastatin metabolism). Consequently, CYP3A5*3 variant 

was significantly linked to lower atorvastatin Cmax than 

CYP3A5*1 (p = 0.018) [26].

Discussion

The association studies of CYP3A4 and CYP3A5 poly-

morphisms with response to atorvastatin treatment were 

inconsistent [21, 23].

Atorvastatin therapeutic effect

Effects of CYP3A4 polymorphism

As mentioned in this review, Rosales et  al. researched 

Chilean subjects and showed that CYP3A4*1B was asso-

ciated with better therapeutic outcomes after atorvasta-

tin therapy [21]. However, the same variant (CYP3A4*1B) 
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was linked to high levels of LDL-C in Americans after 

atorvastatin treatment, as reported by Kajinami et  al. 

[24, 34, 35]. On the other hand, research on the Indian 

population has shown no significant relation between the 

CYP3A4*1B gene (rs2740574) and low values of LDL-C 

as a response to atorvastatin therapy [31, 46]. Reports 

for CYP3A4*1B metabolic activity were conflicting [34]. 

Rosales et  al. attributed the positive therapeutic conse-

quences after atorvastatin treatment to CYP3A4 meta-

bolic lower activity in vivo due to the CYP3A4*1B allele. 

However, the study was restricted by the sample size [21]. 

On the contrary, Kajinami et al. found serum LDL-C ele-

vation was consistent with CYP3A4-increased enzyme 

activity [34].

Effects of CYP3A5 polymorphism

In Greek subjects, Kolovou et  al. showed that although 

HDL-C levels did not vary meaningfully after atorvas-

tatin treatment, the LDL-C, TC, and triglyceride (TG) 

serum levels were decreased significantly in both geno-

types CYP3A5*3/*3 and CYP3A5*1/*3 [38]. In addition, 

Kivistö et  al., while researching European Caucasian 

subjects, revealed that the CYP3A5*3 variant led to an 

enhanced response to atorvastatin [24, 25, 35]. However, 

the Brazilian study showed that the CYP3A5*3A variant 

was associated with a decreased cholesterol-lowering 

response to atorvastatin in subjects with non-African 

ancestry [35, 39].

In contrast, research on Chilean patients showed that 

both the G and A alleles of the CYP3A5*3 (rs776746) 

variant did not affect response to atorvastatin treatment 

[21]. In addition, a retrospective cohort study performed 

among Caucasian subjects illustrated no association 

between the CYP3A5*3 allele and atorvastatin PK [23, 

47]. Differences among the mentioned studies indicate 

that the relationship between the CYP3A5*3 allele and 

response to atorvastatin could depend on factors such as 

the period of treatment and ethnicity [39].

Atorvastatin safety profile

Effects of CYP3A4 polymorphism

In Chinese subjects, Xia et  al. showed that 

CYP3A4*1B(rs2740574) and other genes involved in 

atorvastatin metabolism and transport in  vivo were 

associated with risky high atorvastatin exposure [42]. 

However, in Dutch users of atorvastatin or simvastatin, 

according to the research of Becker et al. the same vari-

ant CYP3A4*1B was associated with a low risk for sta-

tin intolerance [41].

Conversely, an open-label randomized study illustrated 

that CY3A4*1B (rs2740574) was not associated with 

atorvastatin therapy intolerance, the elevation of CK, or 

muscle pain in Caucasians as well as African American 

subjects [23, 48].

Effects of CYP3A5 polymorphism

Regarding Caucasian subjects, Wilke et  al. concluded 

that patients with myalgia while using atorvastatin were 

at significant risk of suffering severe muscle damage if 

they were carriers of CYP3A5*3/*3 [44, 45]. However, 

Zubiaur et al. reported that high risky atorvastatin expo-

sure was associated with CYP3A5*1/*1. Noticeably, more 

research is required regarding the controversy with this 

novel finding [26].

In opposition, a study involving Han Chinese patients 

demonstrated that the G allele of the CYP3A5*3 

(rs776746) variant was not associated with myotoxicity 

as an adverse effect of atorvastatin therapy [49]. Further-

more, the same result was demonstrated in a case-control 

study in which indigenous American, sub-Saharan, East 

Asian, and European subjects were recruited [23, 50].

Table 3 Main objectives of the articles that investigated CYP3A4/5 polymorphisms among the Egyptian population

a. (PMs): polymorphisms, b. (CYP): Cytochrome P450 enzyme, c. (MDR1): multidrug resistance protein 1, d. (SLCO1B3): solute carrier organic anion transporter family 

member 1B3, e. (SCN1A): sodium voltage-gated channel alpha subunit 1

Sl. 
no.

Author (s) Main Objective (s)

1 Mutawi et al. [52] To examine the main allelic  PMsa of  CYP3A4b,  CYP3A5b, and  CYP2D6b in the Egyptian population

2 Sharaki et al. [53] To study the effect of  CYP3A4b rs4646437C > T and  MDR1c G2677T/A genetic variations on cyclosporine dosing in renal 
transplant Egyptian recipients

3 Abd El Wahab et al. [54] To identify the frequency of CYP1A1*2Cb and CYP3A5*3b genetic polymorphisms in Egyptians suffering acute myeloid 
leukemia and assess their contribution to the development of leukemia in Egyptians

4 Mendrinou et al. [55] To determine CYP3A5*3b allelic frequency in Egyptian renal transplanted patients and evaluate the effect of this genetic 
variant on tacrolimus dose requirements

5 Bedewy, El-Maghraby 
[56]

To identify the frequencies of CYP3A5*3b and  SLCO1B3d (T334G) in chronic myeloid leukemia cases receiving imatinib 
therapy and assess the impact of these polymorphisms on the response to imatinib

6 Abo El Fotoh, et al. [57] To determine the effect of CYP3A5*3b and  SCN1Ae c.3184 A/G polymorphisms on pharmaco-resistance in Egyptian 
epileptic pediatric patients
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CYP3A4/5 polymorphisms among Egyptian population

As far as we can report for the Egyptians, the effect of 

CYP3A4/5 genetic polymorphisms on the response to 

atorvastatin treatment was understudied. However, some 

pharmacogenetic studies on Egyptians (Table  3) were 

performed to better define “Egyptian” genetic variants 

and assess their significance for common disease states 

or drugs other than the one under investigation [51].

Regarding CYP3A4 genetic variations among Egyp-

tians, pharmacogenomic research performed at the pedi-

atric hospital, Faculty of Medicine, Mansoura University 

has reported an allele frequency of 2% for the CYP3A4*22 

allele. It is the first study illustrating the CYP3A4*22 vari-

ant frequency in the Egyptian population [52]. Moreover, 

the frequency of an additional variant  rs4646437  in the 

CYP3A4 gene was reported in another Egyptian study 

to be 20%. The study involved 50 Egyptian patients after 

kidney transplantation at the Renal Transplantation Unit 

of Alexandria University Hospital [53].

Concerning CYP3A5*3 polymorphism among Egyp-

tians, a study was conducted at the adult oncology 

department, National Cancer Institute, Cairo Univer-

sity. The results showed that the frequency of CYP3A5*3 

was higher at 81.5% in acute myeloid leukemia cases 

compared to controls [54]. Another Egyptian study at 

Urology and Nephrology Center, Mansoura Univer-

sity Hospital, published in August 2020, demonstrated 

that the CYP3A5*3 allele was the most prevalent vari-

ant (85.53%) in 76 renal transplantation recipients. This 

study was the first Egyptian research focusing on the 

personalization of tacrolimus doses in Egyptian cases 

according to the CYP3A5 genotypes [55]. Another 

research on Egyptian cases of chronic myeloid leukemia 

(CML) was performed at the Hematology Department, 

Medical Research Institute, Alexandria University. This 

research was designed to illustrate the role of CYP3A5*3 

polymorphism in determining the response to imatinib 

in 86 CML Egyptian cases. The results showed that the 

frequency of CYP3A5*3 was 53% and 69% in 78 (early 

chronic phase) cases and eight (accelerated phase) cases, 

respectively [56]. Moreover, another Egyptian pharma-

cogenetic research on 130 epileptic children was held 

at Pediatrics Department, Menoufia University Hospi-

tal. The research aimed to show the role of CYP3A5*3 

genetic variation in predicting resistance to antiepileptic 

medications in Egyptian epileptic pediatric cases. The 

prevalence of CYP3A5*3 was 76.9% and 77.7% in epi-

leptic (n=130) and control (n=65) participants, respec-

tively [57]. Due to the limited data about pharmacogenes 

of significant clinical importance, 145 healthy unrelated 

Egyptian children were included in research at Mansoura 

University Children’s Hospital. This pharmacogenomic 

research aimed to screen common genetic variants in 

certain CYPs, including CYP3A5, among the Egyp-

tian population. The prevalence of variant 6986A>G 

(rs776746) in the gene CYP3A5 was 86.2% [52].

Findings of association studies of CYP3A4/5 genetic 

polymorphisms with response to atorvastatin treat-

ment varied among different ethnicities. CYP3A4*1B 

(rs2740574) and CYP3A5*3 (rs776746) were reported in 

the literature as either associated with the risk for ator-

vastatin intolerance in a particular population or associ-

ated with a low possibility for risky atorvastatin exposure 

in another population. In addition, both variants were 

reported to be either associated with better therapeutic 

outcomes after atorvastatin treatment in a definite popu-

lation or with poor therapeutic consequences in another. 

Focusing on the Egyptian population, both alleles C and 

T of the variant CYP3A4*1B (rs2740574) in the CYP3A4 

gene,  as far as we know, were not studied before. In 

addition, the effects of genetic polymorphisms of both 

CYP3A4 (rs2740574 C/T) and CYP3A5*3 (rs776746 T/C) 

on atorvastatin PK or its induced adverse effects were 

not previously studied in Egyptians. Consequently, pro-

spective pharmacogenomics studies amongst Egyptians 

will assist many people in this population suffering from 

hypercholesterolemia and are at high risk of CVD com-

plications. Therefore, the outcomes would tailor atorvas-

tatin treatment based on the patient’s genotype.

Conclusions

CYP3A4/5 genetic variants have been studied for their 

potential associations with response to atorvastatin treat-

ment. However, the findings differed according to ethnic-

ity. Therefore, more pharmacogenetic research in various 

populations worldwide, like the Egyptian population, 

is required to elucidate the impact of genetic polymor-

phism of these CYP enzymes on atorvastatin response 

and risk of side effects with genotype-guided dosing and 

precision medicine initiatives.

Author contributions

The researcher (MGM) evaluated articles for relevance to the review’s objec-

tive. (MGM and MAR) were responsible for the inclusion step. In addition, 

the final review of this article was accomplished by (MAR, NAAD, and AS). All 

authors read and approved the final manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation 

Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 

(EKB). The authors received no financial support for this research, authorship, 

and/or publication of this article.

Availability of data and materials

The authors confirm that all relevant data are included in the article.

Code availability

Not applicable.



Page 10 of 11Maslub et al. European Journal of Medical Research          (2023) 28:381 

Declarations

Ethics approval and consent for publication

Not applicable.

Competing interests

The authors declare no competing interests.

Author details
1 Pharmacy Practice/Clinical Pharmacy Department, Faculty of Pharmacy, 

Egyptian Russian University, Cairo-Suez Road, Badr City, Cairo 11829, Egypt. 
2 School of Pharmaceutical Sciences, Universiti Sains Malaysia, 11800 

USM Pulau Pinang, Malaysia. 3 Division of Population Medicine, Cardiff Univer-

sity, Cardiff CF14 4YS, Wales, UK. 

Received: 8 November 2022   Accepted: 31 January 2023

References

 1. Wake DT, Ilbawi N, Dunnenberger HM, Hulick PJ. Pharmacogenomics: 

prescribing precisely. Med Clin North Am. 2019;103:977–90.

 2. Hauser AS, Chavali S, Masuho I, Jahn LJ, Martemyanov KA, Gloriam DE, 

Babu MM. Pharmacogenomics of GPCR drug targets. Cell. 2018;172:41-54.

e19.

 3. Gray K, Adhikary SD, Janicki P. Pharmacogenomics of analgesics in 

anesthesia practice: A current update of literature. J Anaesthesiol Clin 

Pharmacol. 2018;34:155–60.

 4. Lynch T, Price A. The effect of cytochrome p450 metabolism on 

drug response, interactions, and adverse effects. Am Fam Physician. 

2007;76:391–6.

 5. Sarlis NJ, Gourgiotis L. Hormonal effects on drug metabolism through 

the CYP system: Perspectives on their potential significance in the era of 

pharmacogenomics. Curr Drug Targets Immune Endocr Metabol Disord. 

2005;5:439–48.

 6. Nakajima M. From the viewpoint of drug metabolism research. Yakugaku 

Zasshi. 2017;137:697–705.

 7. Agache I, Akdis CA. Precision medicine and phenotypes, endotypes, 

genotypes, regiotypes, and theratypes of allergic diseases. J Clin Invest. 

2019;129:1493–503.

 8. Licata A, Giammanco A, Minissale MG, Pagano S, Petta S, Averna M. 

Liver and statins: a critical appraisal of the evidence. Curr Med Chem. 

2018;25:5835–46.

 9. Phillips KA, Veenstra DL, Oren E, Lee JK, Sadee W. Potential role of phar-

macogenomics in reducing adverse drug reactions: a systematic review. 

JAMA. 2001;286:2270–9.

 10. Bradford LD. CYP2D6 allele frequency in European Caucasians, Asians 

Africans and their descendants. Pharmacogenomics. 2002;3:229–43.

 11. Special report: Genotyping for cytochrome p450 polymorphisms to 

determine drug-metabolizer status. Technol Eval Cent Assess Program 

Exec Summ 2004; 19: 1–2.

 12. Willrich MA, Rodrigues AC, Cerda A, Genvigir FD, Arazi SS, Dorea EL, Bernik 

MM, Bertolami MC, Faludi A, Largura A, Baudhuin LM, Bryant SC, Hirata 

MH, Hirata RD. Effects of atorvastatin on CYP3A4 and CYP3A5 mRNA 

expression in mononuclear cells and CYP3A activity in hypercholerester-

olemic patients. Clin Chim Acta. 2013;421:157–63.

 13. Adams SP, Tsang M, Wright JM. Lipid-lowering efficacy of atorvastatin. 

Cochrane Database Syst Rev. 2015;2015:CD008226.

 14. Parke-Davis MP. Product information. Lipitor (atorvastatin). HIGHLIGHTS 

OF PRESCRIBING INFORMATION of ATORVASTATIN CALCIUM 2009.

 15. Dagli-Hernandez C, Zhou Y, Lauschke VM, Genvigir FDV, Hirata TDC, Hirata 

MH, Hirata RDC. Pharmacogenomics of statins: lipid response and other 

outcomes in Brazilian cohorts. Pharmacol Rep. 2022;74:47–66.

 16. Kitzmiller JP, Mikulik EB, Dauki AM, Murkherjee C, Luzum JA. Pharma-

cogenomics of statins: understanding susceptibility to adverse effects. 

Pharmgenomics Pers Med. 2016;9:97–106.

 17. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chap-

man MJ, De Backer GG, Delgado V, Ference BA, Graham IM, Halliday A, 

Landmesser U, Mihaylova B, Pedersen TR, Riccardi G, Richter DJ, Sabatine 

MS, Taskinen MR, Tokgozoglu L, Wiklund O. 2019 ESC/EAS guidelines for 

the management of dyslipidaemias: lipid modification to reduce cardio-

vascular risk. Eur Heart J. 2020;41:111–88.

 18. Taha HSED, Badran HM, Kandil H, Farag N, Oraby A, El Sharkawy M, Shokry 

K, Fawzy F, Mahrous H, Bahgat J, Samy M, Shaker MM. Egyptian practical 

guidance in lipid management 2020. Egypt Heart J. 2021;73:17.

 19. Reda A, Abdel-Rehim AA, Etman A, Afifi OS. Centralized pan-Middle East 

survey on the under-treatment of hypercholesterolemia: results from the 

CEPHEUS study in Egypt. Cardiol Ther. 2014;3:27–40.

 20. Farag ES, Reda A, Farag N, Salama S, Elbahry A, Sanad O, Abdou W, El-

Kersh A. The Egyptian cardiovascular risk factors project, phase (ii) results: 

a multicenter observational study of the pattern of risk factor profile 

in Egyptian patients with acute coronary syndrome. Atherosclerosis. 

2017;263: e159.

 21. Rosales A, Alvear M, Cuevas A, Saavedra N, Zambrano T, Salazar LA. 

Identification of pharmacogenetic predictors of lipid-lowering response 

to atorvastatin in Chilean subjects with hypercholesterolemia. Clin Chim 

Acta. 2012;413:495–501.

 22. Sobhy M, El Etriby A, El Nashar A, Wajih S, Horack M, Brudi P, Lautsch D, 

Ambegaonkar B, Vyas A, Gitt AK. Prevalence of lipid abnormalities and 

cholesterol target value attainment in Egyptian patients presenting with 

an acute coronary syndrome. Egypt Heart J. 2018;70:129–34.

 23. Kee PS, Chin PKL, Kennedy MA, Maggo SDS. Pharmacogenetics of statin-

induced myotoxicity. Front Genet. 2020;11: 575678.

 24. Shitara Y, Sugiyama Y. Pharmacokinetic and pharmacodynamic alterations 

of 3-hydroxy-3-methylglutaryl coenzyme a (HMG-COA) reductase inhibi-

tors: drug-drug interactions and interindividual differences in transporter 

and metabolic enzyme functions. Pharmacol Ther. 2006;112:71–105.

 25. Kivistö KT, Niemi M, Schaeffeler E, Pitkälä K, Tilvis R, Fromm MF, Schwab 

M, Eichelbaum M, Strandberg T. Lipid-lowering response to statins is 

affected by CYP3A5 polymorphism. Pharmacogenetics. 2004;14:523–5.

 26. Zubiaur P, Benedicto MD, Villapalos-García G, Navares-Gómez M, Mejía-

Abril G, Román M, Martín-Vílchez S, Ochoa D, Abad-Santos F. SLCO1B1 

phenotype and CYP3A5 polymorphism significantly affect atorvastatin 

bioavailability. J Pers Med. 2021;11:204.

 27. He BX, Shi L, Qiu J, Zeng XH, Zhao SJ. The effect of CYP3A4*1g allele 

on the pharmacokinetics of atorvastatin in Chinese Han patients with 

coronary heart disease. J Clin Pharmacol. 2014;54:462–7.

 28. Park JE, Kim KB, Bae SK, Moon BS, Liu KH, Shin JG. Contribution of 

cytochrome p450 3A4 and 3A5 to the metabolism of atorvastatin. Xeno-

biotica. 2008;38:1240–51.

 29. Maekawa K, Harakawa N, Yoshimura T, Kim S-R, Fujimura Y, Aohara F, Sai 

K, Katori N, Tohkin M, Naito M, Hasegawa R, Okuda H, Sawada J-I, Niwa 

T, Saito Y. CYP3A4*16 and CYP3A4*18 alleles found in east Asians exhibit 

differential catalytic activities for seven CYP3A4 substrate drugs. Drug 

Metab Dispos. 2010;38:2100–4.

 30. Jani AJ, Rathnam S, Mehta AA. Phenotyping of cytochrome P450 3A 

enzyme in Gujarat population. Drug Metab Lett. 2008;2:5–10.

 31. Poduri A, Khullar M, Bahl A, Sehrawat BS, Sharma Y, Talwar KK. Common 

variants of HMGCR, CETP, APOAI, ABCB1, CYP3A4, and CYP7A1 genes as 

predictors of lipid-lowering response to atorvastatin therapy. DNA Cell 

Biol. 2010;29:629–37.

 32. Gao Y, Zhang LR, Fu Q. CYP3A4*1g polymorphism is associated with 

lipid-lowering efficacy of atorvastatin but not of simvastatin. Eur J Clin 

Pharmacol. 2008;64:877–82.

 33. Peng C, Ding Y, Yi X, Shen Y, Dong Z, Cao L, Li Q, Ren H, He L, Zhou D, 

Chen X. Polymorphisms in CYP450 genes and the therapeutic effect of 

atorvastatin on ischemic stroke: A retrospective cohort study in Chinese 

population. Clin Ther. 2018;40:469-477.e462.

 34. Kajinami K, Brousseau ME, Ordovas JM, Schaefer EJ. CYP3A4 genotypes 

and plasma lipoprotein levels before and after treatment with atorvasta-

tin in primary hypercholesterolemia. Am J Cardiol. 2004;93:104–7.

 35. Willrich MA, Hirata MH, Hirata RD. Statin regulation of CYP3A4 and 

CYP3A5 expression. Pharmacogenomics. 2009;10:1017–24.

 36. Kadam P, Ashavaid TF, Ponde CK, Rajani RM. Genetic determinants of 

lipid-lowering response to atorvastatin therapy in an Indian population. J 

Clin Pharm Ther. 2016;41:329–33.

 37. Klein K, Thomas M, Winter S, Nussler AK, Niemi M, Schwab M, Zanger UM. 

Ppara: a novel genetic determinant of CYP3A4 in vitro and in vivo. Clin 

Pharmacol Ther. 2012;91:1044–52.



Page 11 of 11Maslub et al. European Journal of Medical Research          (2023) 28:381  

 38. Kolovou G, Kolovou V, Ragia G, Mihas C, Diakoumakou O, Vasiliadis I, Mav-

rogeni S, Vartela V, Manolopoulos VG. CYP3A5 genotyping for assessing 

the efficacy of treatment with simvastatin and atorvastatin. Genet Mol 

Biol. 2015;38:129–37.

 39. Willrich MAV, Hirata MH, Genvigir FDV, Arazi SS, Rebecchi IMM, Rodri-

gues AC, Bernik MMS, Dorea EL, Bertolami MC, Faludi AA, Hirata RDC. 

CYP3A5*3A allele is associated with reduced lowering-lipid response to 

atorvastatin in individuals with hypercholesterolemia. Clin Chim Acta. 

2008;398:15–20.

 40. Vrablik M, Zlatohlavek L, Stulc T, Adamkova V, Prusikova M, Schwarzova L, 

Hubacek JA, Ceska R. Statin-associated myopathy: From genetic predis-

position to clinical management. Physiol Res. 2014;63:S327-334.

 41. Becker ML, Visser LE, van Schaik RH, Hofman A, Uitterlinden AG, Stricker 

BH. Influence of genetic variation in CYP3A4 and ABCB1 on dose 

decrease or switching during simvastatin and atorvastatin therapy. Phar-

macoepidemiol Drug Saf. 2010;19:75–81.

 42. Xia B, Li Y, Zhang Y, Xue M, Li X, Xu P, Xia T, Chen S. UHPLC-MS/MS method 

for determination of atorvastatin calcium in human plasma: Application 

to a pharmacokinetic study based on healthy volunteers with specific 

genotype. J Pharm Biomed Anal. 2018;160:428–35.

 43. Liu J-E, Ren B, Tang L, Tang Q-J, Liu X-Y, Li X, Bai X, Zhong W-P, Meng J-X, 

Lin H-M, Wu H, Chen J-Y, Zhong S-L. The independent contribution of 

miRNAs to the missing heritability in CYP3A4/5 functionality and the 

metabolism of atorvastatin. Sci Rep. 2016;6:26544.

 44. Wilke RA, Moore JH, Burmester JK. Relative impact of CYP3A genotype 

and concomitant medication on the severity of atorvastatin-induced 

muscle damage. Pharmacogenet Genomics. 2005;15:415–21.

 45. Benes LB, Bassi NS, Davidson MH. The risk of hepatotoxicity, new onset 

diabetes and rhabdomyolysis in the era of high-intensity statin therapy: 

Does statin type matter? Prog Cardiovasc Dis. 2016;59:145–52.

 46. Ahangari N, Doosti M, Ghayour Mobarhan M, Sahebkar A, Ferns GA, 

Pasdar A. Personalised medicine in hypercholesterolaemia: The role of 

pharmacogenetics in statin therapy. Ann Med. 2020;52:462–70.

 47. DeGorter MK, Tirona RG, Schwarz UI, Choi YH, Dresser GK, Suskin N, 

Myers K, Zou G, Iwuchukwu O, Wei WQ, Wilke RA, Hegele RA, Kim RB. 

Clinical and pharmacogenetic predictors of circulating atorvastatin and 

rosuvastatin concentrations in routine clinical care. Circ Cardiovasc Genet. 

2013;6:400–8.

 48. Voora D, Shah SH, Spasojevic I, Ali S, Reed CR, Salisbury BA, Ginsburg GS. 

The SLCO1B1*5 genetic variant is associated with statin-induced side 

effects. J Am Coll Cardiol. 2009;54:1609–16.

 49. Liu JE, Liu XY, Chen S, Zhang Y, Cai LY, Yang M, Lai WH, Ren B, Zhong SL. 

SLCO1B1 521T > C polymorphism associated with rosuvastatin-induced 

myotoxicity in Chinese coronary artery disease patients: a nested case-

control study. Eur J Clin Pharmacol. 2017;73:1409–16.

 50. Frudakis TN, Thomas MJ, Ginjupalli SN, Handelin B, Gabriel R, Gomez 

HJ. CYP2D6*4 polymorphism is associated with statin-induced muscle 

effects. Pharmacogenet Genomics. 2007;17:695–707.

 51. Wohlers I, Künstner A, Munz M, Olbrich M, Fähnrich A, Calonga-Solís V, Ma 

C, Hirose M, El-Mosallamy S, Salama M, Busch H, Ibrahim S. An integrated 

personal and population-based Egyptian genome reference. Nat Com-

mun. 2020;11:4719.

 52. Mutawi TM, Zedan MM, Yahya RS, Zakria MM, El-Sawi MR, Gaedigk A. 

Genetic variability of CYP2D6, CYP3A4 and CYP3A5 among the Egyptian 

population. Pharmacogenomics. 2021;22:323–34.

 53. Sharaki O, Zeid M, Moez P, Zakaria NH, Nassar E. Impact of CYP3A4 

and MDR1 gene (G2677T) polymorphisms on dose requirement of 

the cyclosporine in renal transplant Egyptian recipients. Mol Biol Rep. 

2015;42:105–17.

 54. Abd El Wahab N, Shafik NF, Shafik RE, Taha SA, Shafik HE, Darwish AD. 

Association of CYP3A5*3 and CYP1A1*2C polymorphism with develop-

ment of acute myeloid leukemia in Egyptian patients. Asian Pac J Cancer 

Prev. 2017;18:747–52.

 55. Mendrinou E, Mashaly ME, Al Okily AM, Mohamed ME, Refaie AF, Elsawy 

EM, Saleh HH, Sheashaa H, Patrinos GP. CYP3A5 gene-guided tacrolimus 

treatment of living-donor Egyptian kidney transplanted patients. Front 

Pharmacol. 2020;11:1218.

 56. Bedewy AML, El-Maghraby SM. Do SLCO1B3 (T334G) and CYP3A5*3 

polymorphisms affect response in Egyptian chronic myeloid leukemia 

patients receiving imatinib therapy? Hematology. 2013;18:211–6.

 57. Abo El Fotoh WM, Abd El Naby SA, Habib MS, Kasemy ZA. The potential 

implication of SCN1A and CYP3A5 genetic variants on antiepileptic drug 

resistance among Egyptian epileptic children. Seizure. 2016;41:75–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


	Association between CYP3A4CYP3A5 genetic polymorphisms and treatment outcomes of atorvastatin worldwide: is there enough research on the Egyptian population?
	Abstract 
	Introduction 
	Objective 
	Methods 
	Results 
	Conclusion 

	Keypoints 
	Introduction
	Materials and methods
	Study eligibility
	Search strategy
	Selection of articles
	Data extraction

	Results
	Search results
	Response to atorvastatin
	Atorvastatin therapeutic effect
	Effects of CYP3A4 polymorphism 
	Effects of CYP3A5 polymorphism 

	Atorvastatin safety profile
	Effects of CYP3A4 polymorphism 
	Effects of CYP3A5 polymorphism 



	Discussion
	Atorvastatin therapeutic effect
	Effects of CYP3A4 polymorphism
	Effects of CYP3A5 polymorphism

	Atorvastatin safety profile
	Effects of CYP3A4 polymorphism
	Effects of CYP3A5 polymorphism

	CYP3A45 polymorphisms among Egyptian population

	Conclusions
	References


