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Abstract

Statins have been used for decades as a successful cholesterol-lowering class of medicines. Statins
are widely prescribed for the primary and secondary prevention of coronary artery disease. They reduce
cardiovascular risk and improve health outcomes in people with cardiovascular disease. Although statins
are considered as a safe medicine and are well tolerated by patients, prediction of an individual patient’s re-
sponse to statin therapy remains unclear. Variation to statin therapy has been attributed to both environmen-
tal and genetic factors. In this review, a number of candidate genes that affect statin pharmacokinetics and
pharmacodynamics are discussed. Moreover, the association of demographic factors with statin response
in related studies is described. In this article we have reviewed the literature concerning pharmacogenetic
studies on statin response. Thirty seven English-language clinical trials, prospective or retrospective hu-
man investigations, case series, case reports, published between 1998 to 2015, were evaluated. Based on
these data, there are some candidate genes that have been established as affecting genes on statin efficacy
and suggest that drug therapy, based on individuals’ genetic makeup, may result in a clinically important

reduction in variation of statin response.
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1. Introduction

Coronary heart disease (CHD) is one of
the leading causes of death in most of the indus-
trialized countries of the world. It is still the most
common cause of death in North America and Eu-
rope. Like other countries, cardiovascular disease
is the most important cause of mortality in Iran(1).
Dyslipidemia has been established as the primary
risk factor for cardiovascular disease (CVD)(2).
Statins, 3-hydroxy-3-methylglutaryl-CoA reduc-
tase (known as HMG-CoA reductase, a key enzyme
in the intracellular synthesis of cholesterol) inhibi-
tors, , in large clinical trials, have shown to reduce
the risk of cardiovascular events and are considered
to be first-line therapy in conjunction with life-style
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modification in the management of dyslipidemia
(3). They reduce the risk of myocardial infarction
and cerebrovascular accidents by approximately
20% for every 1 mmol/L reduction in the se-
rum level of low-density lipoprotein (LDL-C)(4).

Although statins are considered to be safe
and are well-tolerated by patients, some patients
may develop adverse drug reactions (ADRs) or
may not reach the desired pharmacological effect.
In fact, there is considerable variation among in-
dividuals in the effectiveness of statin therapy (5).
Variation in response to statin treatment has been
attributed to both environmental and genetic fac-
tors. Environmental predictors include age, sex
and body mass index (BMI)(6,7). Genetic fac-
tors like variants in known regulators of choles-
terol metabolism might be associated with statin
response (8). However, the total variability due
to genetic variants is still unknown. In this sense,
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pharmacogenetic studies have shown that genetic
polymorphisms of enzymes, transport proteins,
and receptors are involved in both statin and lipid
metabolism and they also have important effects
on common clinical lipid parameters, total choles-
terol (TC), LDL-C, HDL-cholesterol (HDL-C),
and triglycerides (TG)(9). Current studies provide
evidence that genetic factors, such as polymor-
phisms in the Apo lipoprotein E (APOE), solute
carrier organic anion trans—porter (SLCO1B1),
cytochrome P4503A4 (CYP3A4), Kinesin Fam-
ily Member 6(KIF6), Cholesteryl ester transfer
protein (CETP), HMGCoA-reductase, and ATP-
binding cassette subfamily B member 1(ABCBI1)
genes, can contribute to interindividual varia-
tions in response to lipid-lowering statin therapy
and toxicity of statins(9). An economic review
of the benefits of genetic screening to guide car-
diovascular therapy by Sorichet, declared that it
might be more cost benefit to avoid statin types
and doses of which may lead to serious side ef-
fects than to implement routine screenings (10).

Pharmacogenetics is the study and evalu-
ation of the inherited differences (genetic varia-
tions) that affect drug metabolism and an indi-
vidual’s response to medications. Today, the role
of genetic in the incidence of disease diagnosis,
outcome and prognosis, and drug response is es-
tablished (11-13). Inter-individual wvariation in
drug response is a central feature of all drug thera-
pies which contribute generously to variable ef-
ficacy and toxicity in patients (12-14). The pres-
ent review describes progress in understanding
genomic variability in response to statin and how
this knowledge may be used in clinical care. Phar-
macogenetic study results are discussed in order
to clarify pharmacokinetic and pharmacodynamic
variants regarding to statin responsiveness. More-
over, the association of demographic factors with
statin response in related studies is described.

2. Methods
2.1. Literature search

A literature search was performed in the
following databases: Scopus, Medline, Google
scholar, Cochrane Central Register of Controlled
Trials, and Cochrane Database Systematic Re-
views. The key words used were as follows:
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“statin”, “polymorphism”, “demographic factor”,
“genetic variation, “therapy”. The time frame of
the review was from 1998 to 2015. All published
English-language clinical trials, prospective or
retrospective human investigations, case series,
and case reports were included. Moreover, we ap-
plied outcome measures for our selection criteria:
studies that measure the effect of genetic polymor-
phism or demographic factors on statin response
among patients or healthy participants (both posi-
tive and negative response/association), were con-
sidered eligible for inclusion. Non-English lan-
guage articles in vitro and experimental studies
were excluded. Finally, 37 articles were recruited
in this review. Candidate genes for this review
can be classified into the following two groups:
1) genes encoding for drug metabolizing enzymes
and transporters that influence pharmacokinet-
ic; 2) genes that influence pharmacodynamics.

3. Results
3.1 Pharmacokinetics variants and lipid
response to statin

The following section discusses a num-
ber of candidate genes that have contributed to
considerable variation in pharmacokinetic prop-
erties such as systemic exposure, area under the
curve (AUC) and half-life for which substan-
tial experimental evidence exists, supporting
their role in affecting statin pharmacokinetics.

3.1.1. Cytochrome P450 system variants

CYP3A4 enzyme is involved in the me-
tabolism of lovastatin, atorvastatin, and simvas-
tatin and CYP2C9 is responsible for fluvastatin
metabolism (15). CYP3A4 is the main CYP iso-
form in human liver and intestine and is involved
in the metabolism of many drugs. CYP3A4 ge-
netic polymorphisms can lead to modulation of
enzymatic activity and drug efficacy (16) . There
are inconsistent results among pharmacoge-
netic studies of this gene; A recent study among
273 Chinese patients, revealed no significant as-
sociation between CYP3A4*1G, CYP3A4%22,
CYP3AS5*3 as well as rs4823613 A>G polymor-
phisms and the lipid-lowering responses after 6
weeks of treatment with 40 mg/day simvastatin
(17). Kajinami et al studied 340 subjects who re-
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ceived atorvastatin for 52 weeks. They declared
that a promoter variant was associated with higher
post-treatment LDL-C levels, whereas a mis-
sense variant (M445T) was associated with low-
er LDL-C levels before and after treatment (18).

CYP2C9 also has amajor role in the hepat-
ic clearance of medications (19). Genetic polymor-
phisms in the CYP2C9 gene have been associated
with significant changes in fluvastatin pharmaco-
kinetics (20). In Kirchheiner’s clinical study, 24
healthy German volunteers received 40 mg/day
fluvastatin for 14 days. It showed that carriers of
the CYP2C9*3/*3(rs1057910) genotype achieved
a 3-fold higher AUC of the active enantiomer of
fluvastatin when compared to those carrying the
CYP2C9*1/*1 wild-type, but differences in plas-
ma concentrations were not reflected in cholesterol
lowering effects of fluvastatin (21). A more recent
study in the Czech population among 87 patients
with hypercholesterolemia treated by fluvastatin 80
mg daily identified that patients who carried hetero-
zygous CYP2C9*1/*3 had a greater reduction in
plasma LDL-C levels than wild-type subjects (22).

3.1.2 Drug transporter variants

ABCBI, an efflux pump expressed by
intestinal epithelial cells, hepatocytes, and renal
tubular cells, is involved in the cell membrane
transport of drugs which leads to variation in drug
disposition and response (23). Two more common
polymorphisms at the ABCB1 gene (C3435T and
G2677T/A/C) have been linked to the differences
in gene expression and statin response (24-26).
In the Alzoubi et al. study, both the TT genotype
of G2677T (ABCBI1) and the TT genotype of the
C3435T (ABCBI1) polymorphisms were associ-
ated with lower levels of LDL-C after atorvastatin
treatment in Jordanian hypercholesterolemic pa-
tients (27). A report by Hoenig et al. in Australian
patients treated with 80mg/day of atorvastatin, re-
vealed that the CC genotype at the C3435T poly-
morphism in ABCBI, is associated with reduced
atorvastatin efficacy, independent of cholesterol
metabolism, following a 6-week course of atorvas-
tatin therapy (28). A large cohort study by Throm-
bolysis in Myocardial Infarction (TIMI) Study
Group, investigated the response to pravastatin (40
mg/day) and atorvastatin (80 mg/day) in Boston
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and found a significant effect of non-synonymous
SNPG2677T/A/C variant on pravastatin but not on
atorvastatinresponse. GG carriersrevealed more re-
duction in plasma level of LDL-C after pravastatin
treatment than T/A homozygotes (29). Thompson
et al. also reported a different reduction in plasma
levels of LDL-C between homozygote carriers of
G2677T/A/, but only for low dose atorvastatin
(10mg/day) treatment in the Caucasian group (30).

3.1.3 Others

SLCO1B encodes the organic anion trans-
porting polypeptide 1B1 (OATP1B1) which is
expressed exclusively in the liver and mediates
absorption of various drugs including statins by
hepatocytes, and its polymorphisms (rs2306283
and r1s4149056), influence the clearance of
statins from the circulation. Pravastatin is a sub-
strate of OATP1B1. Two more common variants
(rs4149056 and rs2306283) have been studied
extensively. One of these variants, the 521T>C
(rs4149056, Vall74Ala), has been associated with
pravastatin pharmacokinetics (31). A study by Ni-
emi and colleagues was done on 32 subjects from
Finland receiving 40 mg pravastatin once daily.
According to this report, the AUC of pravastatin
blood levels were significantly greater for those
subjects carrying the less common genotype (CC)
versus the wild type (TT) genotype (31). Hed-
man and colleagues have reported that SLCO1BI1
521T>C genotype significantly affects pravastatin
metabolism and has also proven to affect LDL-C
lowering response in 20 children with familial hy-
percholesterolemia and 12 cardiac transplant re-
cipients from Finland after 2 months of treatment
with pravastatin (32). Another non-synonymous
single nucleotide polymorphism (SNPs) identi-
fied in the SLCO1B1 gene that has been linked to
statins in some studies, is rs2306283 or 388A>G
(33). A recent meta-analysis study by Rong Dai
resulted from 13 studies with 7079 participants,
declared no significant association between 521
T>C as well as 388A>G polymorphism of SL-
CO1BI1 gene and the effectiveness of statins (34).
To recap, it is obvious that genetic variants in trans-
porters and CYP-enzymes can substantially affect
statin pharmacokinetics. SLCO1B1 521T>C and
ABCBI transporters have been consistently linked
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to statin efficacy, making them as potential candi-
dates for screening. In terms of CYP2C9 and CY-
P3A4 genevariants, the present findings suggest that
differences may exist, but larger trials are required
before any conclusive recommendation is given

3.2. Genetic markers affecting the pharmacody-
namics of statins

APOE is secreted by the liver and has a
role in the hepatic receptor-mediated uptake of
lipoproteins(35). The primary role of APOE in
plasma lipid metabolism is to mediate the inter-
action of chylomicron remnants and intermediate
density lipoprotein particles with lipoprotein re-
ceptors.e2, €3, and €4 are three isoforms of APOE
which are expressed in the general population. The
effect of APOE polymorphisms on the outcome of
statin therapy have been studied extensively (36,
37). In the case of APOE, two variants (rs7412
and rs429358) are involved in the expression of
APOE isoform. Patients with the €2 allele espe-
cially benefit from statin and has been shown to
be associated with significantly higher reduction
in plasma level of LDL-C after pravastatin and
atorvastatin treatment compared to &4 (29, 38).
Therefore, statins may be less effective in reduc-
ing cholesterol levels in carriers of €4 isoform (39,
40). In a meta-analysis of genome-wide associa-
tion study (GWAS) including almost 40,000 sub-
jects, nine SNPs in the APOE gene were investi-
gated. The minor allele of the lead SNP rs445925,
which is a proxy for the €2 isoform, was associated
with a larger LDL-C-lowering response to statins
compared with carriers of the major allele(41).

Statins are potent inhibitors of HMG CoA-
reductase and competitively inhibit the rate-limit-
ing step in cholesterol synthesis (42). Several stud-
ies investigated some common SNPs in the HMG
CoA-reductase gene that can affect lipid lowering
response by statins (43, 44). In the Chung study,
one of the HMG CoA-reductase gene variants
(rs3846662) in 24 healthy Korean participants who
received 20 mg atorvastatin daily for 14 days was
evaluated. The GG genotype was quantitatively as-
sociated with statin responsiveness (43). However,
this result was not confirmed by Thompson study
in the Netherlands (38). Another large survey in-
volving 707 renal transplant patients from northern
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Europe and Canada, examined the association be-
tween 42 polymorphisms in 18 candidate genes and
the lipid response to 40mg/day fluvastatin. In that
study, there was no significant association between
HMG CoA-reductase gene polymorphisms and
LDL-C reduction by fluvastatin treatment (16, 45).

The LDL receptor (LDLR) gene has
also been associated with improved outcomes
and response to statin therapy. In a recent study,
944 healthy adult volunteers (African-American,
N=335 and European-American, N=609) were
treated by 40 mg/day simvastatin for 6 weeks. The
authors suggested that polymorphism in the 3UTR
of LDLR can be associated with attenuated lipid-
lowering response to simvastatin treatment (46).

3.3. Demographic factors and lipid response to
statin

A number of demographic factors would
have to be considered in statin therapy. For exam-
ple; obesity is amajor health hazard and can affecta
patient’s response to statins. BMI is a simple meth-
od of estimating adiposity. Toplak et al. showed
that statin response increases with the extent of
obesity. This might be due to the fact that free fatty
acid (FFA) levels stimulate HMG-CoA-reductase,
resulting in more pronounced hyperlipidemia (47).
on the other hand, the results of the multiple regres-
sion analysis of a placebo-controlled clinical trial
research among 63 French Canadian heterozygous
familial hypercholesterolemia patients revealed
that BMI was inversely correlated with greater
LDL cholesterol response to simvastatin (48).

A recent study by Smiderle and his col-
leagues among 495 patients who used simvastatin/
atorvastatin lipid-lowering therapy, revealed that
women had higher mean levels of TC and LDL-C
compared to men (7). The majority of studied wom-
en were post-menopausal and hormone-deficient.
This condition may lead to a worse lipid profile due
to a decrease in estrogen production. Analysis of
statin therapy revealed that the decrease in plasma
TC and LDL-C levels was greater in females than
males (7). Another meta-analysis study by Kostis
et al. was performed to evaluate the effectiveness
of statins in decreasing cardiovascular events in
men and women. They assessed 18 randomized
clinical trials of statins involving 141,235 partici-
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pants in order to analyze sex-specific differences.
They observed that the benefits of statins were sim-
ilar in males and females, regardless of the type of
control (49). Likewise, Lahoza and his colleagues
studied 440 Spanish subjects with hypercholes-
terolemia receiving 20 mg/day of pravastatin for
16 weeks. According to univariate analysis, they
found that age, BMI, sex, alcohol consumption,
weight change, smoking habit, and the presence of
hypertension did not significantly influence the re-
sponse of the LDL-C to pravastatin treatment(50).

4. Conclusion

In this narrative review, we have sum-
marized the results of pharmacogenetic studies
related to statin therapy. However, the results of
published studies are equivocal. These discordant
results may be justified by different types of popu-
lation, ethnicity, concomitant diseases, small sam-
ple size (affects the power to detect a good effect
size) and use of different and often not comparable
statistical analysis and methodologies to assess the

coenzyme Q10 improves statin-associated myopathy

response rates. Gene’s regulating pharmacokinetic
and pharmacodynamic properties of statins are the
most promising targets in this regards. It might be
more difficult to determine the genetic variability
responsible for common chronic diseases such as
coronary artery disease than the genetic variability
responsible for variations in drug response. Based
on these data, there are some candidate genes
that have been established as affecting genes on
statin efficacy; however, this does not seem pos-
sible to put in routine practice for statins in the im-
mediate future as similar to CYP2C19 polymor-
phism for clopidogrel and CYP2C9 or VKORCI1
polymorphism for warfarin according to current
guidelines (11, 51). As a basis, prospective, rather
than retrospective, multicenter trials with large
patient numbers should be considered in order to
achieve enough statistical power and to gain es-
timates of predictive values of polymorphisms.

Conflict of Interest
None declared.

6. References

1. Saadat S, Yousefifard M, Asady H, Jafari
AM, Fayaz M, Hosseini M. The Most Important
Causes of Death in Iranian Population; a Ret-
rospective Cohort Study. Emerg (Tehran). 2015
Winter;3:16-21.

2. Mikhailidis DP, Athyros VG. Dyslipidae-
mia in 2013: New statin guidelines and promis-
ing novel therapeutics. Nat Rev Cardiol. 2014
Feb;11:72-4.

3. LaRosa JC, He J, Vupputuri S. Effect
of statins on risk of coronary disease: a meta-
analysis of randomized controlled trials. Jama.
1999;282(24):2340-6.

4, Link E, Parish S, Armitage J, Bowman L,
Heath S, Matsuda F, et a/. SLCO1B1 variants and
statin-induced myopathy--a genomewide study. N
Engl J Med. 2008 Aug 21;359(8):789-99.

5. Simon JA, Lin F, Hulley SB, Blanche PJ,
Waters D, Shiboski S, et al. Phenotypic predictors
of response to simvastatin therapy among African-
Americans and Caucasians: the Cholesterol and
Pharmacogenetics (CAP) Study. 4m J Cardiol.
2006;97(6):843-50.

6. Sing CF, Stengérd JH, Kardia SL. Genes,
environment, and cardiovascular disease. Arterio-

Trends in Pharmaceutical Sciences 2015: 1(4):183-190.

scler Thromb Vasc Biol. 2003;23(7):1190-6.

7. Smiderle L, Lima LO, Hutz MH, Sand
CRVd, Van der Sand LC, Ferreira MEW, et al.
Evaluation of sexual dimorphism in the efficacy
and safety of simvastatin/atorvastatin therapy in
a southern Brazilian cohort. Arq Bras Cardiol.
2014;103(1):33-40.

8. Chasman DI, Posada D, Subrahmanyan L,
Cook NR, Stanton Jr VP, Ridker PM. Pharmacoge-
netic study of statin therapy and cholesterol reduc-
tion. Jama. 2004;291(23):2821-7.

9. Gelissen IC, McLachlan AJ. The phar-
macogenomics of statins. Pharmacol Res.
2014;88:99-106.

10. Sorich MJ, Wiese MD, O’Shea RL, Pekar-
sky B. Review of the cost effectiveness of pharma-
cogenetic-guided treatment of hypercholesterolae-
mia. Pharmacoeconomics. 2013;31(5):377-91.

11. Namazi S, Azarpira N, Hendijani F, Khor-
shid MB, Vessal G, Mehdipour AR. The impact of
genetic polymorphisms and patient characteristics
on warfarin dose requirements: a cross-sectional
study in Iran. Clin Ther. 2010;32(6):1050-60

12. Namazi S, Daneshian A, Mohamma-
dianpanah M, Jafari P, Ardeshir-Rouhani-Fard S,
Nasirabadi S. The impact of renin—angiotensin

187




Niusha behdad et al.

system, angiotensin I converting enzyme (inser-
tion/deletion), and angiotensin II type 1 receptor
(A1166C) polymorphisms on breast cancer sur-
vival in Iran. Gene. 2013;532(1):108-14.

13. Namazi S, Kojuri J, Khalili A, Azarpira N.
The impact of genetic polymorphisms of P2Y 12,
CYP3A5 and CYP2C19 on clopidogrel response
variability in Iranian patients. Biochem Pharma-
col. 2012;83(7):903-8.

14. Namazi S, Monabati A, Ardeshir-Rou-
hani-Fard S, Azarpira N. Lack of association of
genetic polymorphisms of angiotensin converting
enzyme 1 and angiotensin II type 1 receptor with
breast cancer risk in Iranian population. Tumour
Biol. 2013;34(5):2899-907

15. Corsini A, Bellosta S, Baetta R, Fumagal-
li R, Paoletti R, Bernini F. New insights into the
pharmacodynamic and pharmacokinetic properties
of statins. Pharmacol Ther. 1999;84(3):413-28.
16. Hu M, Mak V, Chu T, Waye M, Tomlin-
son B. Pharmacogenetics of HMG-CoA reductase
inhibitors: optimizing the prevention of coronary
heart disease. Curr Pharmacogenomics Person
Med (Formerly Current Pharmacogenomics).
2009;7(1):1-26.

17. Hu M, Mak VW, Xiao Y, Tomlinson B.
Associations between the genotypes and pheno-
type of CYP3A and the lipid response to simvas-
tatin in Chinese patients with hypercholesterol-
emia. Pharmacogenomics. 2013;14(1):25-34.

18. Kajinami K, Brousseau ME, Ordovas JM,
Schaefer EJ. CYP3A4 genotypes and plasma li-
poprotein levels before and after treatment with
atorvastatin in primary hypercholesterolemia. Am
J Cardiol. 2004;93(1):104-7.

19. Maggo MSD, Kennedy MA, Clark DW.
Clinical implications of pharmacogenetic variation
on the effects of statins. Drug Safety. 2011;34(1):1-
19.

20. Scripture CD, Pieper JA. Clinical pharma-
cokinetics of fluvastatin. Clinical pharmacokinet-
ics. 2001;40(4):263-81.

21. Kirchheiner J, Kudlicz D, Meisel C, Bauer
S, Meineke I, Roots I, ef al. Influence of CYP2C9
polymorphisms on the pharmacokinetics and cho-
lesterol-lowering activity of (-)-3s, Sr-fluvastatin
and (+)-3r, Ss-fluvastatin in healthy volunteers.
Clin Pharmacol Ther. 2003 Aug;74(2):186-94.
22. Buzkova H, Pechandova K, Danzig V,
Vaieka T, Perlik F, Zak A, et al. Lipid-lowering

188

effect of fluvastatin in relation to cytochrome
P450 2C9 variant alleles frequently distributed
in the Czech population. Med Sci Monit. 2012
Aug;18(8):CR512-517.

23. Callaghan R, Crowley E, Potter S, Kerr
ID. P-glycoprotein: So Many Ways to Turn It On.
J Clin Pharmacol. 2008;48(3):365-78.

24. Hodges LM, Markova SM, Chinn LW,
Gow JM, Kroetz DL, Klein TE, et al. Very impor-
tant pharmacogene summary: ABCB1 (MDRI,
P-glycoprotein). Pharmacogenetics Genomics.
2011;21(3):152.

25. Keskitalo JE, Kurkinen KJ, Neuvonen
M, Backman JT, Neuvonen PJ, Niemi M. No
significant effect of ABCB1 haplotypes on the
pharmacokinetics of fluvastatin, pravastatin, lo-
vastatin, and rosuvastatin. Br J Clin Pharmacol.
2009;68(2):207-13.

26. Keskitalo JE, Kurkinen KJ, Neuvonen PJ,
Niemi M. ABCBI1 haplotypes differentially affect
the pharmacokinetics of the acid and lactone forms
of simvastatin and atorvastatin. Clin Pharmacol
Ther. 2008;84(4):457-61.

27. Alzoubi KH, Khabour OF, Al-azzam SI,
Mayyas F, Mhaidat NM. The role of Multidrug
Resistance-1 (MDR1) variants in response to
atorvastatin among Jordanians. Cytotechnology.
2015;67(2):267-74.

28. Hoenig MR, Walker PJ, Gurnsey C, Bea-
dle K, Johnson L. The C3435T polymorphism in
ABCBI influences atorvastatin efficacy and mus-
cle symptoms in a high-risk vascular cohort. J Clin
Lipidol. 2011;5(2):91-6.

29. Mega JL, Morrow DA, Brown A, Cannon
CP, Sabatine MS. Identification of genetic variants
associated with response to statin therapy. Arterio-
scler Thromb Vasc Biol. 2009;29(9):1310-5.

30. Thompson J, Man M, Johnson K, Wood
L, Lira M, Lloyd D, et al. An association study of
43 SNPs in 16 candidate genes with atorvastatin
response. Pharmacogenomics J. 2005;5(6):352-8.
31. Niemi M, Pasanen MK, Neuvonen PJ. SL-
CO1B1 polymorphism and sex affect the pharma-
cokinetics of pravastatin but not fluvastatin. Clin
Pharm Ther. 2006;80(4):356-66.

32. Hedman M, Antikainen M, Holmberg C,
Neuvonen M, Eichelbaum M, Kivistdo KT, et al.
Pharmacokinetics and response to pravastatin
in paediatric patients with familial hypercholes-
terolaemia and in paediatric cardiac transplant

Trends in Pharmaceutical Sciences 2015: 1(4):183-190.




recipients in relation to polymorphisms of the
SLCO1B1 and ABCB1 genes. Br J clin Pharm.
2006;61(6):706-15.

33. Donnelly L, Doney A, Tavendale R, Lang
C, Pearson E, Colhoun H, et a/. Common nonsyn-
onymous substitutions in SLCO1B1 predispose
to statin intolerance in routinely treated individu-
als with type 2 diabetes: a go-DARTS study. Clin
Pharm Ther. 2011;89(2):210-6.

34. Dai R, Feng J, Wang Y, Yang Y, Deng C,
Tang X, et al. Association between SLCO1B1 521
T> C and 388 A> G Polymorphisms and Statins
Effectiveness: A Meta-Analysis. J Atheroscler
Thromb. 2015;22(8):796-815.

35. Pedro-Botet J, Schaefer EJ, Bakker-Arke-
ma RG, Black DM, Stein EM, Corella D, et al.
Apolipoprotein E genotype affects plasma lipid re-
sponse to atorvastatin in a gender specific manner.
Atherosclerosis. 2001;158(1):183-93.

36. Barber MJ, Mangravite LM, Hyde CL,
Chasman DI, Smith JD, McCarty CA, et al. Ge-
nome-wide association of lipid-lowering response
to statins in combined study populations. PLoS
One. 2010;5(3):¢9763.

37. Deshmukh HA, Colhoun HM, Johnson
T, McKeigue PM, Betteridge DJ, Durrington
PN, et al. Genome-wide association study of ge-
netic determinants of LDL-c response to atorvas-
tatin therapy: importance of Lp (a). J Lipid Res.
2012;53(5):1000-11.

38. Thompson JF, Hyde CL, Wood LS, Paciga
SA, Hinds DA, Cox DR, et al. Comprehensive
whole-genome and candidate gene analysis for
response to statin therapy in the Treating to New
Targets (TNT) cohort. Circ Cardiovasc Genet.
2009;2(2):173-81.

39. HAGBERG JM, WILUND KR, FER-
RELL RE. APO E gene and gene-environment
effects on plasma lipoprotein-lipid levels. Physiol
Genomics. 2000;4(2):101-8.

40. Mahley RW, Rall Jr SC. Apolipoprotein E:
far more than a lipid transport protein. Annu Rev
Genomics Hum Genet. 2000;1:507-37.

41. Postmus I, Trompet S, Deshmukh HA,
Barnes MR, Li X, Warren HR, et al. Pharmaco-
genetic meta-analysis of genome-wide association
studies of LDL cholesterol response to statins. Nat
Commun. 2014;5:5068.

42. Istvan ES, Deisenhofer J. Structural
mechanism for statin inhibition of HMG-CoA re-

Trends in Pharmaceutical Sciences 2015: 1(4):183-190.

coenzyme Q10 improves statin-associated myopathy

ductase. Sci. 2001;292(5519):1160-4.

43, Chung JY, Cho SK, Oh ES, Lee DH,
Lim LA, Jang SB, et al. Effect of HMGCR Vari-
ant Alleles on Low-Density Lipoprotein Cho-
lesterol-Lowering Response to Atorvastatin in
Healthy Korean Subjects. J Clin Pharmacol. 2012
Mar;52(3):339-46

44, Krauss RM, Mangravite LM, Smith JD,
Medina MW, Wang D, Guo X, et al. Variation
in the 3-hydroxyl-3-methylglutaryl coenzyme
a reductase gene is associated with racial dif-
ferences in low-density lipoprotein cholesterol
response to simvastatin treatment. Circulation.
2008;117(12):1537-44.

45. Singer JB, Holdaas H, Jardine AG, Fell-
strom B, Os I, Bermann G, et al. Genetic analysis
of fluvastatin response and dyslipidemia in renal
transplant recipients. J Lipid Res. 2007;48(9):2072-
8.

46. Mangravite LM, Medina MW, Cui J,
Pressman S, Smith JD, Rieder MJ, ef al. Combined
influence of LDLR and HMGCR sequence varia-
tion on lipid-lowering response to simvastatin. Ar-
terioscler Thromb Vasc Biol. 2010;30(7):1485-92.
47. Toplak H, De Campo A, Renner W. BMI
and lipid lowering-is there a relation. J Clin Basic
Cardiol. 2000;3(2):115-7.

48. Couture P, Brun LD, Szots F, Leliévre M,
Gaudet D, Després J-P, et al. Association of spe-
cific LDL receptor gene mutations with differen-
tial plasma lipoprotein response to simvastatin in
young French Canadians with heterozygous fa-
milial hypercholesterolemia. Arterioscler Thromb
Vasc Biol. 1998;18(6):1007-12.

49, Kostis WJ, Cheng JQ, Dobrzynski JM,
Cabrera J, Kostis JB. Meta-analysis of statin ef-
fects in women versus men. J Am Coll Cardiol.
2012;59(6):572-82.

50. Lahoz C, Pefia R, Mostaza JM, Laguna
F, Garcia-Iglesias MF, Taboada M, et al. Base-
line levels of low-density lipoprotein cholesterol
and lipoprotein (a) and the Avall polymorphism
of the low-density lipoprotein receptor gene in-
fluence the response of low-density lipoprotein
cholesterol to pravastatin treatment. Metabolism.
2005;54(6):741-7.

51. Knauer MJ, Diamandis EP, Hulot J-S, Kim
RB, So D. Clopidogrel and CYP2C19: Pharmaco-
genetic Testing Ready for Clinical Prime Time?
Clin Chem. 2015;61(10):1235-40.

189




Niusha behdad et al.

190 Trends in Pharmaceutical Sciences 2015: 1(4):183-190.




