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Objectives: Statins are the most commonly prescribed medications for the treatment of atherosclerotic
cardiovascular disease. Statin-associated adverse effects occur in ~10% of patients and are associated with
polymorphisms in several key genes coding for transporters and metabolizing enzymes that affect statin
pharmacokinetics. In the present study, we examine the association between cytochrome P450 3A5*3
(CYP3A5*3) T>C (rs776746), COQ G>C (rs4693075), and SLCO1B1 T>C (rs4149056) genetic variants with
the risk of myopathy in South Indian patients on statin therapy.
Methods: A total of 202 patients on atorvastatin or rosuvastatin therapy for 12 years were recruited in
the study. Genotyping of drug metabolic CYP3A5*3 gene variant and drug transporter genes COQ G>C
(rs4693075) and SLCO1B1 T>C (rs4149056) was analyzed by Sanger's sequencing.
Results: In our study subjects, the percentage of patients diagnosed to have statin-induced myopathy
was 18%. The majority of the patients were on 10 mg/day dose of either atorvastatin or rosuvastatin. The
homozygous nonexpressors genotype CYP3A5*3/3 frequency of the CYP3A5 polymorphismwas higher in
patients with myopathy. But we could not find association of CYP3A5, COQ, and SLCO1B1 gene poly-
morphisms with either rosuvastatin or atorvastatin.
Conclusion: Our results clearly demonstrate that the frequency of CYP3A5*3 splicing variant is higher in
myopathy group than in the tolerant group. We did not find significant association of genetic poly-
morphisms in CYP3A5, COQ, and SLCO1B1 with atorvastatin- or rosuvastatin-induced myopathy.
© 2018 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors or statins are widely used drugs in the reduction of car-
diovascular events in patients with dyslipidemia, one of the main
risk factor for coronary artery disease.1 On the other hand, statin-
related severe adverse events are reported in patients treated
with statins due to oxidative stress, abnormal mitochondrial
function, and imbalance of muscular calcium homeostasis leading
to muscular side effects, a common cause of withdrawal and statin
discontinuation.2e6 Statins are associated with adverse clinical ef-
fects such as myalgia, myositis, rhabdomyolysis, muscle weakness,
muscle cramps, and creatine kinase (CK) elevations after statin
, Nizam's Institute of Medical

ari).

blished by Elsevier B.V. This is an
withdrawal.4e6 However, recent data suggest that genetics in-
fluences the intolerance and development of statin-induced
myopathy, at least for some statins.6

Several candidate genes are proposed to have potential role in
statin pharmacokinetics including SLCO1B1 (organic anion trans-
porter family); CYP3A4, CYP3A5, and CYP3C9 (family of cyto-
chrome P450); and ABCB1, ABCC2, and ABCG2 (adenosine
triphosphate (ATP)-binding cassette family).7 Single nucleotide
polymorphism in these genes may affect the statin transport and
metabolism eventually influencing the pharmacokinetics of the
drug, which ultimately increases the systemic and intraorganic
exposure leading to statin-induced myopathy.6e8

Solute carrier organic anion transporter family member 1B1
(SLCO1B1) codes for a transporter protein (OATP1B1), which is
involved in the transport of various pharmacological compounds
including statins, antibiotics, angiotensin converting enzyme (ACE)
inhibitors, and xenobiotic compounds.9 The nonsynonymous
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SLCO1B1 variant T521C, Val174Ala (rs4149056), affects the
OATP1B1 protein function by its reduced uptake or transport ac-
tivity of statins and their metabolites into the liver and hence able
to influence variations in plasma concentrations of statins while it
also reported to influence the pharmacokinetics of both atorvas-
tatin and rosuvastatin.10,11 Several studies have shown that
SLCO1B1 521C was associated with marginal (<5%) attenuation of
the lipid-lowering effect of simvastatin, atorvastatin, lovastatin, and
pravastatin.12,13 In addition, several studies highlighted the asso-
ciation between SLCO1B1 gene c.521T>C polymorphism and statin-
related myopathy risk.14,15 The cytochrome P450 3A5*3 (CYP3A5*3)
single-nucleotide polymorphism (SNP) is a splice acceptor variant
well studied in CYP3A5 gene, which introduces a frame shift during
translation process, resulting in a truncated, nonfunctional protein
product.16 The variant allele CYP3A5*3 confers low or undetectable
CYP3A5 expression as a result of a single-point mutation within
intron 3 of the CYP3A5 gene (c.6986A>G, rs776746).16 COQ2 gene
encodes for parahydroxybenzoateepolyprenyltransferase enzyme,
and variants within this gene are associated with CoQ10 deficiency
and skeletal muscle drug transporters expression leading to
statin muscular intolerance.17 However, numerous studies have
been proposed from different ethnic groups to demonstrate the risk
of statin toxicity.7 The distribution of genotype frequencies vary
from one population to another. Studying the impact of pharma-
cogenetics of statins is necessary to establish pharmacokinetics,
efficacy, and tolerability of these drugs in each population. Hence,
the present study is aimed to investigate the association of statin-
induced myopathy with the CYP3A5*3 T>C (rs776746), COQ G>C
(rs4693075), and SLCO1B1 T>C (rs4149056) variants in South-In-
dian patients on statin therapy.

2. Materials and methods

2.1. Study subjects

Two hundred and two study subjects with mean average age of
63 years who were on either atorvastatin or rosuvastatin for 12
years of durationwere enrolled in the study. The institutional ethics
committee approved the study, and informed consent from each
patient was obtained. The demographic and clinical details were
recorded in a standard format. Patients with comorbid conditions
such as hepatic insufficiency; hematologic, kidney, liver, or malig-
nant disease; hypothyroidism; hypovitaminosis D, other drugs that
are likely to interact with statins; patients with major bleeding
events within 7 days before enrollment; or the use of oral antico-
agulant agents were excluded from the study.

2.2. Genetic analysis

Whole blood samples were collected in ethylenediamine tetra
acetic acid. Genomic DNA extractionwas performed using standard
organic phenol-chloroform procedure, followed by checking with
NanoDrop instrument for quality assessment (Thermo Fisher Sci-
entific). The reference genomic sequence of CYP3A5*3 (rs776746),
COQ (rs4693075), and SLCO1B1 (rs4149056) was retrieved from the
Ensembl database. Target-specific primer pairs were designed us-
ing Primer3 Web tool version 4. The genotyping of these poly-
morphisms were determined by using polymerase chain reaction
(PCR) method, followed by sequencing. The PCR amplification was
done for CYP3A5*3, c.6986A>G (rs776746) polymorphism using the
following primer pair: (1) forward, 50-TCACGTCGGGATCTGTGAT-30;
(2) reverse, 50-GACTGTGGAGTGCTGTGGAG-3’. PCR conditions for
the amplification were as follows: (1) initial denaturation at 94�C
for 5 min; (2) followed by 38 cycles of 30 s at 94�C, 30 s at 52.2�C,
and 30 s at 72�C for extension; and (3) a final extension of 10 min at
72�C. The PCR amplification of SLCO1B1, rs4149056, Val174Ala was
carried out using the following primer pair: (1) forward, 50-
CTTCATCTTCCGCCATGATT-30 and (2) reverse, 50-GATCCCAGGG-
TAAAGCCAAT-30. The PCR conditions were as follows: (1) initial
denaturation at 94�C for 5 min, (2) 94

�
C for 30 s, (3) 58

�
C for 30 s,

(4) 72
�
C for 30 s for 38 cycles, and (5) final extension at 72

�
C for 10

min. The genotyping of COQ, rs4693075, polymorphism was per-
formed using the forward primer 50-CGTTGTACTGCAATGACCTGTT-
30 and reverse primer 50-TCCGGCACTTACTTATTTCAG-30 and the
PCR conditions as follows: (1) initial denaturation at 94�C for 5min,
(2) 94�C for 30 s, (3) 50.2

�
C for 30 s, (4) 72

�
C for 30 s for 38 cycles,

and (5) final extension at 72
�
C for 10 min.

The PCR was performed in a 10-ml reaction mixture
containing 0.15 ml of each primer (10 pmol/ml), 5 ml of Takara
EmeraldAmp GT PCR master mix, 2 ml of DNA template (50 ng/ml),
and 2.8 ml of double-distilled water using on a thermal cycler
(Eppendorf). Qualitative check was carried out for amplified PCR
fragments with 2% agarose gel electrophoresis, followed by
sequencing of amplicons using the BigDye terminator version 3.1
cycle sequencing kit (Applied Biosystems) on ABI Prism 3730xl
Genetic Analyzer (Applied Biosystems) according to the manufac-
turer's instructions. Sequencing chromatograms were visualized
with naked eye using FinchTV software, and genotype information
was recorded.

2.3. Assessment of statin-induced myopathy

The following mild-to-moderate symptoms of statin-induced
myopathy, including fatigue, muscle pain, muscle tenderness,
muscle weakness, nocturnal cramping, and tendon pain, were
recorded at the time of enrollment. Patients with the above-
mentioned symptoms with serum CK levels more than five times
the normal values were grouped under statin-induced myopathy
group, and rest of the patients without the symptoms and normal
CK values were grouped as nonmyopathy group or tolerant
group18,19.

2.4. Statistical analysis of data

The differences within demographic between groups were
expressed as percentages and were compared using the chi-square
test or Fisher's exact test. The correlation between myopathy with
clinical history of diabetes, hypertension, and age was evaluated
using logistic regression analysis. CYP3A5*3 T>C (rs776746), COQ
G>C (rs4693075), and SLCO1B1 T>C (rs4149056) genotype fre-
quencies were tested for HardyeWeinberg equilibrium using chi-
square tests. The association results were estimated using odds
ratio (ORs) along with 95% confidence intervals (CI). The distribu-
tion of allele and genotype frequencies between the groups was
analyzed by Fisher's exact test using 2� 2 contingency table (www.
faculty.vassar.edu/lowry/VassarStats.html). A p < 0.05 was consid-
ered statistically significant.

3. Results

3.1. Study cohort and treatment characteristics

The demographic, clinical parameters of all the patients are
shown in Table 1. The percentage of patients with diabetes, hy-
pertension, and smoking were found to be 68.4, 78.94, and 6.57,
respectively (Table 1). Of the 202 subjects, 131 (64.85%) were male
with a mean age of 63.30 ± 11.05 years and 71 (36.14%) were female
with a mean age of 63.36 ± 8.06 years. Among 202, 121 (59.90%) of
the patients were on rosuvastatin, whereas 81 (40.09%) were on
atorvastatin. With regard to the statin dose, 7% of the patients were
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Table 1
Demographic characteristics of study group.

Characteristic Male (n ¼ 131) Female (n ¼ 71) P value

Height (cm) 158.83 ± 15.15 152.75 ± 5.15 ns
Weight (kg) 68.60 ± 10.18 65.20 ± 11.98 ns
BMI (kg/m2) 42.8817 ± 6.46 42.95 þ 7.59 ns
DM (%) 84 (64.12) 52 (73.23) ns
DM duration (years) 7.267 ± 11.366 9.95 ± 8.28 ns
HTN (%) 100 (76.33) 63 (88.73) ns
HTN duration (years) 7.805 ± 7.859 9.94 ± 9.02 ns
Myopathy (%) 22 (16.79) 16 (22.53) ns
Total cholesterol (mg/dL) 136.89 ± 37.95 138.39 ± 36.80 ns
HDL-C (mg/dL) 40.09 ± 12.06 45.32 ± 11.42 ns
LDL-C (mg/dL) 70.93 ± 33.24 66.66 ± 34.32 ns
VLDL-C (mg/dL) 31.07 ± 37.36 33.22 ± 35.55 ns
Triglycerides (mg/dL) 135.18 ± 72.24 126.78 ± 59.60 ns
Statin at index
Rosuvastatin, n (%) 78 (59.54) 42 (59.15) ns
Atorvastatin, n (%) 55 (41.98) 28 (39.43) ns

DM, diabetes mellitus; HTN, hypertension; HDL-C- high-density lipoprotein
cholesterol; LDL-C- low-density lipoprotein cholesterol; VLDL-C- very low-density
lipoprotein cholesterol; ns, Not significant; BMI, body mass index.
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on 5 mg, 47% were on 10 mg, 26% on 20 mg, and 20% on 40 mg of
rosuvastatin per day compared with 4%, 59%, 21%, 10%, and 6% for
these same doses, respectively, for atorvastatin, indicating that
majority of the patients were on 10 mg/day dose of either ator-
vastatin or rosuvastatin. In addition, 6% of the patients were on
80 mg of atorvastatin (Fig. 1). This dose was further stratified into
myopathy and nonmyopathy subjects, and results are shown in
Fig.1. Furthermore, multiple logistic regression analysis revealed no
association of myopathy with age (p ¼ 0.57), body mass index
(p ¼ 0.78), sex (p ¼ 0.48), previous history of type 2 diabetes
(p ¼ 0.80), hypertension (p ¼ 0.49), CYP3A5 genotype (p ¼ 0.65),
COQ genotypes (p ¼ 0.53), and SLCOB1 genotypes (p ¼ 0.75).
3.2. CYP3A5*3, COQ, and SLCO1B1 polymorphisms associated with
myopathy

The allele and genotype frequencies of CYP3A5*3, COQ, and
SLCO1B1 were shown in Table 2. The allele and genotype frequency
distribution was in accordance with HardyeWeinberg equilibrium
(p > 0.05). No significant differences were found for these poly-
morphisms between male and female study subjects. Genetic data
of CYP3A5*3 and COQ polymorphisms were segregated based on
the presence and absence of statin-induced myopathy, and results
are shown in Table 2. CYP3A5*3 polymorphism showed significant
genotype distribution between the myopathy group and tolerant
group (TTþTC vs. CC; 52.63% vs. 34.15%) (OR: 2.14, CI 95%:
Fig. 1. Distribution of rosuvastatin and at
1.04e4.37, p¼ 0.04), whereas COQ polymorphism did not show any
difference between themyopathy group and tolerant group (TTþTC
vs. CC recessive model, OR: 0.98, CI 95%: 0.48e1.99, p ¼ 1.00, and
dominant model TT vs TCþTC, OR: 1.68.14, CI 95%: 0.36e7.72,
p ¼ 0.54) (Table 2). The genotype frequency of the SLCO1B1
(rs4149056) polymorphism was 93.56% for homozygous wild ge-
notype, 6.43% for heterozygous individuals, and no homozygous
mutants were observed in the study cohort. Furthermore, segre-
gation of SLCO1B1 allele and genotype frequencies between the
myopathy and tolerant group did not reveal any evidence for statin-
induced myopathy (TT vs TCþTC, OR: 1.32.14, CI 95%: 0.34e5.04,
P ¼ 0.71). Among 202 patients treated with statin therapy, 38 pa-
tients (18.81%) had myopathy, among which 20 (55.26%) patients
were on rosuvastatin and 17 (44.73%) patients were on atorvastatin.
Furthermore, CYP3A5*3, COQ, and SLCO1B1 allele and genotype
frequency data were stratified according to individual statin to find
the effect of polymorphism on statin-induced myopathy and could
not find association with either rosuvastatin or atorvastatin
(Tables 3 and 4).

4. Discussion

The interindividual variability in response to HMG-CoA reduc-
tase inhibitors, or statins, with regard to both efficacy and safety
has been well documented. Earlier studies from India have inves-
tigated the efficacy of statins in the reduction of lipid parame-
ters20,21; however, no studies have been reported on the influence
of pharmacogenetics on statin-induced myopathy. To the best of
our knowledge, this the first study to investigate the role of phar-
macogenetics on statin-induced myopathy in South-Indian pa-
tients. Statin therapy is limited with skeletal muscle toxicity
associated with elevated systemic drug exposure, and up to 10% of
statin-treated individuals will experience muscle pain or weakness,
in rare cases.3,12,22 Studies have shown that muscle-related symp-
toms include muscle weakness (~3%),23,24 myalgia (2%e22%),25,26

and life-threatening rhabdomyolysis (0.0004%),27 which tend to
occur several months to years after statin initiation. In
a randomized (JUPITER) clinical trial with rosuvastatin 20 mg daily
or placebo and with an average follow-up of 17 months, they found
that muscle symptoms (pain, stiffness, or weakness) was noted in
16.0% of the rosuvastatin group and 15.4% of the placebo group.10 In
the present study, we found 18.81% of patients diagnosed to have
statin-induced myopathy, which is higher than that reported in
literature. This could be due to the inclusion of patients who are on
chronic treatment of atorvastatin or rosuvastatin. Hence, we found
myopathy-related symptoms even at lower doses of atorvastatin or
rosuvastatin. Wu et al. studied 26 cases of statin-associated auto-
immune myopathies and found myalgias in 38% of cases, muscle
orvastatin dose in the study cohort.



Table 2
Genotype and allele frequency distribution of CYP3A5*3, COQ and SLCO1B1 in myopathy and tolerant group.

Gene (rs number) Genotype and allele Myopathy, n ¼ 38 Tolerant, n ¼ 164 OR CI at 95% P value

CYP3A5*3 (rs776746) TT 4 (10.53) 21 (12.80)
TC 14 (36.84) 87 (53.05) 1.24 0.40e3.87 0.79
CC 20 (52.63) 56 (34.15) 2.14 1.04e4.37 0.04*
T 22 (28.95) 129 (39.33)
C 54 (71.05) 199 (60.67) 1.59 0.92e2.73 0.11

COQ (rs4693075) GG 2 (5.26) 14 (8.54)
GC 16 (42.11) 63 (38.41) 1.68 0.36e7.72 0.54
CC 20 (52.63) 87 (53.05) 0.98 0.48e1.99 1
G 20 (26.32) 91 (27.74)
C 56 (73.68) 237 (72.26) 1.07 0.61e1.89 0.88

SLCO1B1 (rs4149056) TT 35 (92.10) 154 (93.90)
TC 3 (7.89) 10 (6.09) 1.32 0.34e5.04 0.71
CC 0 (0) 0 (0)
T 73 (96.55) 318 (96.95) 1.30 0.35e4.86 0.71
C 3 (3.44) 10 (6.09)

OR, odds ratio; CI, class interval. *P value less than 0.05 is considered as significant.

Table 3
Genotype and allele frequency distribution of CYP3A5*3 and COQ in myopathy and tolerant group on atorvastatin treatment.

Gene (rs number) Genotype and allele Atorvastatin OR (CI at 95%)

Myopathy (n ¼ 17) Tolerant (n ¼ 64)

CYP3A5*3 (rs776746) TT 0 (0.00) 7 (10.94) 0.9581 (0.34e2.67)
TC 9 (52.94) 26 (40.63)
CC 8 (47.06) 31 (48.44)
T 9 (26.47) 40 (31.25) 1.26 (0.54e2.9)
C 25 (73.53) 88 (68.75)

COQ (rs4693075) GG 0 (0) 4 (6.25) 0.87 (0.29e2.55)
GC 8 (47.06) 24 (37.50)
CC 9 (52.94) 36 (56.25)
G 8 (23.53) 32 (25.00)
C 26 (76.47) 96 (75.00) 1.08 (0.44e2.63)

SLCO1B1 (rs4149056) TT 14 (82.35) 61 (95.31)
TC 03 (17.64) 03 (4.68) 4.35 (0.79e23.91)
CC 0 (0) 0 (0)
T 31 (91.17) 125 (97.65) 4.0 (0.77e20.95)
C 03 (8.82) 03 (2.34)

OR, odds ratio; CI, class interval.

Table 4
Genotype and allele frequency distribution of COQ and SLCO1B1 in myopathy and tolerant groups on rosuvastatin treatment.

Gene (rs number) Genotype and allele Rosuvastatin OR (CI at 95%)

Myopathy (n ¼ 21) Tolerant (n ¼ 102)

COQ(rs4693075) GG 2 (9.52) 11 (10.78) 1.14 (0.23e5.60)
GC 8 (38.09) 39 (38.24) 1.05 (0.41e2.7)
CC 11 (55.00) 52 (50.98)
G 12 (28.57) 61 (29.90)
C 30 (71.42) 143 (70.10) 1.06 (0.51e2.2)

SLCO1B1(rs4149056) TT 21 (100) 95 (93.13)
TC 0 (0) 07 (6.86) NA
CC 0 (0) 0 (0)
T 42 (0) 197 (96.56) NA
C 0 (0) 07 (3.43)

OR, odds ratio; CI, class interval; NA, not available.
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weakness in 100% of cases, and rhabdomyolysis in 12% of confirmed
cases of statin-associated myopathies.28 Specific genetic poly-
morphisms have been identified as potential contributors to vari-
ability in statin absorption, systemic distribution, metabolism, and
elimination eventually leading to statin-induced myopathy in in-
dividuals with higher stain dose.29

Pharmacokinetic caseecontrol study on patients receiving
atorvastatin showed 2.4-fold and 3.1-fold higher systemic expo-
sures of atorvastatin metabolites lactone and p-hydrox-
yatorvastatin, respectively.30 Furthermore, statin lactones are
potent inhibitors of the enzymatic activity of complex III of respi-
ratory chaineinducing cytotoxicity and reducing respiration and
mitochondrial ATP production in statin-induced myopathy pa-
tients.31 SLCO1B1 T521C polymorphism results in decreased statin
transport into liver cells and, therefore, theoretically should confer
a decreased risk of statin-associated liver toxicity due to attenuated
hepatic statin exposure. More importantly, SLCO1B1 521C carriers
have increased systemic statin exposure and increased risk of statin
myopathy.14,32,33 The Statin Response Examined by Genetic
Haplotype Markers (STRENGTH) pharmacogenetic study on safety
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and efficacy of atorvastatin, simvastatin, and pravastatin revealed
that composite adverse event (CAE) was associated with
SLCO1B1*5 genotype (CAE in individuals with TT, TC, and CC alleles:
19%, 27%, and 50%, respectively) and female gender.34 A genome-
wide scan revealed a strong association of myopathy with the
SLCO1B1 SNP rs4363657 and strong linkage disequilibrium with
another nonsynonymous SNP rs4149056 (r2 ¼ 0.97). Carriers of
SLCO1B1 T>C allele had 4.5 times increased risk with TC genotype
and 16.9 times higher risk with CC than TT homozygotes and
further more than 60% of myopathy cases reported with C variant
allele.14 Dosing recommendations were prescribed for simvastatin,
based on rs4149056 genotype, because of intermediate myopathy
risk with “TC” genotype and high myopathy risk with “CC” geno-
type.35 SLCO1B1 variants do not have clinical importance in ator-
vastatin therapy because only fewer studies have shown positive
association,34 but majority of the studies found no association with
SLCO1B1 with atorvastatin-induced myopathy.24,36,37 In the pre-
sent study, the genotype frequency of the SLCO1B1 (rs4149056)
polymorphismwas 93.56% for homozygous wild “TT” genotype and
6.43% for heterozygous “TC” individuals, and no homozygous “CC”
mutants were observed in the study subjects. Furthermore, segre-
gation of SLCO1B1 allele and genotype frequencies between the
myopathy and tolerant group did not reveal evidence for statin-
induced myopathy. In atorvastatin group, we observed the
absence of homozygous CC variant and presence of TC of 17.64% in
the myopathy group and 4.68% in the tolerant group; though the
frequency is high in the myopathy group, we did not find a sig-
nificant association with atorvastatin-induced myopathy.

Cytochrome P450 3A (CYP3A) subfamily members are impor-
tant drug-metabolizing enzymes involved in atorvastatin, lova-
statin, simvastatin, and pravastatin metabolism.7 The most
frequent and commonly studied CYP3A5 polymorphism is the loss
of function of CYP3A5*3 (rs776746) allele.38 The carriers of homo-
zygous CYP3A5*3 demonstrated higher serum CK levels with
greater degree of atorvastatin-inducedmuscle damage, whereas no
association was found with efficacy or tolerability of simva-
statin.38,39 Kivist€o et al reported that the mean serum low-density
lipoprotein cholesterol concentration was 24% higher in subjects
possessing the CYP3A5*1 allele than in subjects homozygous for
the CYP3A5*3 allele, and lovastatin, simvastatin, and atorvastatin
were significantly less effective in CYP3A5 expressors than in
nonexpressors indicating interindividual variations in response to
statins.40

In the present study, the percentage of patients with myopathy
and positive for CYP3A5*3 was 52.5%, whereas in the tolerant
group, it was 34.1% indicating that the number of patients with
myopathy with CYP3A5*3 is significantly higher than that in the
tolerant group. On the contrary, another study did not find any
significant associations among CYP3A4*1B and CYP3A5*3C and the
effect of simvastatin on low-density lipoprotein cholesterol levels
after two and six months of treatment.16 Similarly, we did not find
any significant association of atorvastatin-induced myopathy with
the CYP3A5, COQ, and SLCO1B1 genetic variants and of rosuvasta-
tin-induced myopathy with COQ and SLCO1B1 genetic variants.

A study on 133 subjects who developed myopathy on statin
therapy and 158 in the tolerated group showed significant associ-
ation of nonsynonymous polymorphism in exon 5 (rs6535454) and
noncoding polymorphism in intron 4 (rs4693075) with increased
risk of statin intolerance among homozygotes mutant carriers
(OR,:2.42 and 2.33, respectively).41 An observational caseecontrol
study on 76 cases of muscular intolerance showed significant as-
sociationwith intolerance in rosuvastatin-treated subjects with the
rs4693075 variant of COQ2 gene.22 Rua~no et al. has evaluated 31
candidate genes based on the previous literature in 793 patients
(377 with myalgia and 416 without myalgia) and found significant
associationwith COQ2 (rs4693570).42 In the present study, the COQ
polymorphism did not show any difference between the myopathy
group and tolerant group both in recessive and dominant models.
Further studies are required to study the other genotypes and also
to correlate the plasma concentrations of the drug in patients who
are on statin therapy. The major limitations of the present study
include small sample size and inclusion of patients with chronic
treatment of atorvastatin or rosuvastatin. Further studies are war-
ranted with increased sample size with inclusion of newly diag-
nosed dyslipidemic patients on statin treatment with regular
follow-up to assess the association of statin-induced myopathy
with the genotype.

5. Conclusion

In conclusion, our present study shows that the homozygous
nonexpressors genotype of CYP3A5 gene is associated with
myopathy in South-Indian population. We did not find significant
association of genetic variants in CYP3A5, COQ, and SLCO1B1 with
atorvastatin- or rosuvastatin-induced myopathy.
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