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A b s t r a c t

Introduction: The objective is to study the influence of CYP3A5 (6986A>G), 
CYP2C9 (430C>T), CYP2C9 (1075A>C), SLCO1B1 (521T>C) and BCRP (ABCG2, 
421C>A) gene polymorphisms on the development of simvastatin intoler-
ance in ethnic Uzbek patients with coronary artery disease (CAD).
Material and methods: The case group contained 50 patients with clini-
cal simvastatin-induced intolerance symptoms; the control group contained  
50 patients without side-effects. Genotyping was performed by means of 
the PCR-RFLP method.
Results: Among 37 patients with simvastatin-induced liver symptoms the 
*3/*3 genotype of the CYP3A5 gene (p = 0.0001) and variant genotype of 
the CA BCRP gene were observed more frequently than in the control group  
(p = 0.0001). However, when the 13 patients who had statin-associated 
muscle symptoms (SAMS) were compared with the control group (n = 50), 
it was found that in the case group the 3*/3* genotype of the CYP3A5 gene 
(OR = 8.6; 95% CI: 2.1–34.1; p = 0.003) and C allele carriers of the gene 
polymorphism SLCO1B1 (OR = 3.54; 95% CI: 1.35–9.27; χ² = 5.7; p = 0.017) 
were predominant.
Conclusions: The *3/*3 genotype of the CYP3A5 (6986A>G) gene and CA 
genotype of the BCRP (ABCG2, 421C>A) gene were associated with sim-
vastatin-induced liver symptoms in ethnic Uzbek CAD patients, whereas in 
patients with simvastatin-associated muscle symptoms (SAMS), the combi-
nation of *3/*3 genotype of CYP3A5 (6986A> G) and carriage of the C allele 
of the SLCO1B1 gene polymorphism was predominant.
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Introduction

Statin treatment is a  cornerstone of cardiovascular disease preven-
tion and treatment, and application of statins in the majority of cases is 
safe and well tolerated [1]. More than 20 years of clinical studies have 
demonstrated that statins can prevent cardiovascular mortality, major 
cardiovascular events (complications such as stroke, myocardial infarc-
tion), as well as all-cause mortality [2, 3]. Certain success achieved world-
wide in cardiovascular disease incidence reduction can be also related to 
the statin-associated cholesterol level lowering effect [4].
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It should be noted that according to the trial 
studies the statin-induced side-effects can occur 
relatively rarely, in approximately 1–5% of ex-
amined patients, by manifesting themselves as 
myalgia and liver enzyme level elevation, which 
are reversible and can vanish shortly after such 
treatment is discontinued [5]. At the same time, 
in practice, the incidence of side-effects may be 
much more frequent, since these trials do not 
include patients with statin intolerance in their 
medical history [6].

It is known that the European Atherosclerosis 
Society (EAS) in its guidelines focuses on statin-as-
sociated muscle symptoms (SAMS) [7], which are 
indeed the most frequently occurring side-effects, 
although this can lead to underestimation of the 
real number of patients with statin intolerance [8]. 
The Canadian working group in its updated con-
sensus [9] proposes to distinguish complete and 
partial statin intolerance depending on intoler-
ance to any individual statin in its initial dose or 
some particular types of statins in certain doses. 

Statin-induced adverse effects on the liver are 
rarely observed but they can manifest themselves 
as asymptomatic elevation of serum transami-
nase level (0.5–2% patients), hepatitis, cholestasis 
and acute liver failure [9, 10].

Such factors as Asian ethnicity and genetic pol-
ymorphisms related to statin metabolism contrib-
ute to the increased incidence of statin-induced 
side-effects [10, 11]. These factors are a good rea-
son to initiate this study.

The aim of the research was to study possi-
ble effects of the CYP3A5 (6986A>G), CYP2C9 
(430C>T), CYP2C9 (1075A>C), SLCO1B1 (521T>C) 
and BCRP (ABCG2, 421C>A) gene polymorphisms 
on simvastatin intolerance development in ethnic 
Uzbek patients with coronary artery disease (CAD).

Material and methods 

The study was performed based on the 
case-control method in accordance with the pro-
tocol approved by the Local Ethics Committee of 
the Republican Specialised Centre of Cardiology. 
Before the study all enrolled patients provided in-
formed consent. In the study, 100 patients with 
chronic CAD were enrolled based on the verified 
myocardial infarction diagnosed from their med-
ical history, functional test and/or coronary angi-
ography. 

The case group included 50 patients with CAD 
who demonstrated simvastatin-induced adverse 
liver effects (transaminase level increases 3 times 
and more – in 37 cases) or SAMS with statin-in-
duced elevations in serum creatine kinase (CK) 
(of > 3 × UNL – in 13 cases) at treatment with 
simvastatin with the dose of 10–20 mg/day for 3 
months of treatment. The control group contained 

50 patients with chronic CAD provided that these 
patients tolerated simvastatin therapy at doses of 
20–40 mg and did not have side-effects for 1 year. 

Patients who survived myocardial infarction 
(MI) within the previous 3 months, with atrial fi-
brillation, chronic heart failure higher than class II 
(NYHA), chronic renal and hepatic failures as well 
as those patients who had been diagnosed with 
an elevated transaminase level before admission 
were excluded from the study.

The basic therapy included: antiplatelets (100%), 
β-blockers (bisoprolol, 100%), if required, angio-
tensin convertase enzyme (ACE) inhibitors (90%) 
and nitrates (60%). 

In order to estimate the clinical status, the fol-
lowing risk factors were studied: elevated arterial 
BP, smoking, body mass index, diabetes mellitus 
(DM); clinical and biochemical parameters: 12-
lead ECG; 24-hour Holter ECG monitoring; exercise 
stress test; echocardiography (EchoCG); carotid 
artery intima-media thickness (IMT); coronary an-
giography.

The following blood lipid spectrum parameters 
were studied: total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), high-density li-
poprotein cholesterol (HDL-C), triglycerides (TG), 
atherogenic index (AI), biochemical indicators  
(ALT, AST, CK) Daytona (Randox, Ireland). The ath-
erogenic index (AI) was determined from the fol-
lowing expression: AI = (TC – HDL-C)/HDL-C (rela-
tive units).

Determination of genotypic frequencies

Polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) analysis was 
used to determine the genotypic frequencies of 
five polymorphisms. The primers and restriction 
endonucleases used for PCR-RFLP analysis are 
summarized in Table I [12–16]. 

Statistical analysis

The Statistica 6.0 advanced statistical analy-
sis package was used for the statistical analysis 
of obtained data. The obtained data were pre-
sented as mean and standard deviation (mean 
± SD), where the statistical significance of the 
obtained measurements for compared mean val-
ues was determined by Student’s t-test (t) with 
calculated error probability (P) to check normality 
of the distribution. If the distribution of studied 
variables differed from the normal distribution, 
the non-parametric Mann-Whitney T-test for two 
samples was used. In order to determine the dif-
ference between qualitative statistical measures, 
the χ2 method was used together with Fisher’s 
exact test for small samples.

The empirical genotype frequency distribu-
tion conformance to the theoretically expected 
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Hardy-Weinberg equilibrium was checked by the  
χ2 test.

In order to compare favourable and unfavour-
able outcome frequencies in independent groups 
of events the odds ratios (OR) were calculated by 
determining the 95% confidence interval (CI). Dif-
ferences in the studied binary characteristics were 
considered to be statistically significant if CI for 
the OR did not include 1. The confidence level of  
p < 0.05 was accepted to be statistically significant. 

Results

There was no difference between baseline lev-
els in examined patients from groups I (case) and 
II (control) (Table II). 

The objectives of this study allowed enrolment 
of patients with simvastatin intolerance in the 
medical history that partially explained the pro-
portion of patients detected with adverse hepatic 
effects. However, the starting drug dose in these 
patients was 10 mg/day, whereas in the rest of the 
patients it was 20 mg/day, which was increased to 
40 mg/day if intolerance was not manifested. In-
tolerance was considered to be the development 
of the above-mentioned clinical symptoms ac-
companied by changes in biochemical indicators 
induced by simvastatin doses of 10–20 mg/day. 
Therefore, the median simvastatin dose in the 
case group was half that in the control group.

In all cases, the studied genotypes frequency 
in patients (n = 100) corresponded to the Hardy- 
Weinberg equilibrium (Table III), apart from the 
CYP2C9*2 distribution, which was in disequilib-
rium (p < 0.001) for ethnic Uzbek patients with 
CAD. 

Comparing prevalence of the most frequent 
homozygous genotypes with that of variant gen-
otypes (Table III) demonstrated that in the case 
group the CYP3A5 gene *3/*3 genotype (p = 
0.0001) and the variant genotype CA BCRP gene 
(p = 0.024) were predominant. This may be due to 
an increased content of the lactone of simvastatin 
in the liver (CYP3A5 *3/*3), and the fact that in-
creased discharge of lipophilic simvastatin lactone 
in bile (BCRP CA) may cause in some susceptible 
patients passive diffusion of the drug through the 
damaged epithelium of the bile ducts.

When 37 patients with simvastatin-induced 
liver effects were compared with the control 
group, the *3/*3 genotype of the CYP3A5 gene  
(p = 0.0001) and variant genotype of the CA BCRP 
gene (p = 0.0001) were also observed more fre-
quently (Table IV).

However, when the 13 patients who had SAMS 
were compared with the control group (n = 50), 
it was found that in the case group the geno-
type 3*/3* CYP3A5 gene (p = 0.003) and C allele  
SLCO1B1 gene polymorphism carriers (p = 0.017) 
were predominant (Table V).

Table I. Primers used in the study

Gene Primer set Position Detection Annealing [ºC] *Refs.

CYP3A5*3 F-5-CCTGCCTTCAATTTTCACT-3
R-5-GGTCCAAACAGGGAAGAGGT-3

(6986A>G) RFLP 
RsaI

61 [12]

CYP2C9*2 5’-ATCCACATGGCTGCCCAGTGTCA-3 
5-CACATGAGCTAACAACCAGACTCA-3

(430C>T) RFLP
Bme18I

56 [13]

CYP2C9*3 5-TGCACGAGGTCCAGAGGTAC-3
5’-ACAAACTTACCTTGGGAATGAGA3

(1075A>C) RFLP
KpnI

56 [14]

SLCO1B1 F-5-TTG TCA AAG AAG TTT GCA AAG TG-3 
R-5-GAA GCA TAT TAC CCA TGA GC-3

(521T>C) RFLP 
AspLE I

56 [15]

BCRP 
(ABCG2) 

F-5-TGTTGTGATGGGCACTCTGATG-3
R-5-ATCAGAGTCATTTTATCCACAC -3

(421C>A) RFLP
Bst4CI

56 [16]

Table II. Baseline characteristics of examined pa-
tients

Indicators Group I 
(case)

(N = 50)

Group II 
(control)
(N = 50)

Males 21 (42%) 28 (56%)

Females 29 (58%) 22 (44%)

Age 59.3 ±10.4 61.7 ±9.0

Body mass index [kg/m2] 28.2 ±3.1 28.9 ±2.7

CHD duration [years] 5.0 ±3.2 6.3 ±3.6

Myocardial infarction in 
medical history

8 (16%) 16 (32%)

Diabetes mellitus type 2 11 (22%) 16 (32%)

Therapy duration [months] 3–12 12–24

Simvastatin dose, median 
(dose range) [mg/day]

15 (10–20) 30 (20–40)

Total cholesterol (CS) [mg/dl] 213.3 ±45.7 205.1 ±35.5

TG [mg/dl] 159.8 ±67.4 186.7 ±91.9

LDL-C [mg/dl] 136.6 ±40.1 127.1 ±27.5

HDL-C [mg/dl] 43.1 ±12.7 40.8 ±10.3

VLDL-C [mg/dl] 31.9 ±13.4 37.6 ±18.2

AI [relative units] 4.2 ±1.3 4.3 ±1.2
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Discussion

In our study, the genotypes *3*3 CYP3A5 and 
CA BCRP were observed with a high level of confi-
dence in patients with simvastatin intolerance. It 
is well documented that simvastatin is extensively 
metabolized by both CYP3A4 and CYP3A5.

Since the *3 allele expression is accompanied 
by CYP3A5 activity decrease, this can contribute 

to the statin-associated concentration increase in 
blood plasma. In the Kim et al. [17] study, a group 
of healthy Korean volunteer carriers of the CYP3A5 
*3*3 genotype demonstrated a much higher (3.3 
times higher) 12-hour simvastatin exposure in 
blood, which was also supported by another study 
covering African-Americans [18], although it was 
not observed in Caucasians. Also, in a number of 

Table III. Distribution of polymorphic gene markers of studied genotypes in case and control groups

Genotypes Group I (case)
N = 50

Group II (control)
N = 50

Significance

CYP3A5 *3/*3 28 6 OR = 9.33
95% CI: 3.37–25.9
χ² = 19.7; p < 0.001*1 carriers:

*1/*3 and *1/*1
22 44

CYP2C9*2 *1/*1 40 39 OR = 1.13
95% CI: 0.43–2.96
χ² = 0.00; p = 1.00Variants

*2 carriers:
*1/*2 and *2/*2

10 11

CYP2C9*3 *1/*1 40 42 OR = 0.76
95% CI:

0.27–2.13 
χ² = 0.07; p = 0.80

*3 carriers:
*1/*3 (no *3/*3)

10 8

BCRP C carriers:
CA (no CC)

19 8 OR = 3.22
95% CI: 

1.25–8.30
χ² = 5.07; p = 0.024

AA 31 42

SLCO1B1 TT 35 36 OR = 0.91
95% CI:

0.38–2.15
χ² = 0.000; p = 1.00

C carriers
TC, CC

15^ 14^^

^2 with CC genotype; ^^1 with CC genotype.

Table IV. Distribution of polymorphic gene markers of studied genotypes in patients with hepatic side-effects in 
case and control groups (1 : 1.35)

Genotypes Group I (case)
N = 37

Group II (control)
N = 50

Significance

CYP3A5 *3/*3 21 6 OR = 9.63
95% CI:

3.29–28.1
χ² = 17.9; p < 0.001

*1 carriers:
*1/*3 and *1/*1

16 44

CYP2C9*2 *1/*1 31 39 OR = 1.46
95% CI:

0.49–4.38
χ² = 0.16; p = 0.69

Variants
*2 carriers:

*1/*2 and *2/*2

6 11

CYP2C9*3 *1/*1 30 42 OR = 0.82
95% CI:

0.27–2.50 
χ² = 0.005; p = 0.95

*3 carriers:
*1/*3 (no *3/*3)

7 8

BCRP C carriers:
CA (no CC)

22 8 OR = 7.7
95% CI:

2.83–20.9
χ² = 15.9; p < 0.001

AA 15 42

SLCO1B1 TT 30 36 OR = 1.67
95% CI:

0.60–4.66
χ² = 0.53; p = 0.47

C carriers
TC, CC

7^ 14^^

^No with CC genotype; ^^1 with CC genotype.
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Table V. Distribution of polymorphic gene markers of studied genotypes in patients with muscular side-effects in 
case and control groups (1 : 3.85)

Genotypes Group I (case)
N = 13

Group II (control)
N = 50

Significance

CYP3A5 *3/*3 7 6 OR = 8.56
95% CI:

2.14–34.1
χ² = 8.63; p = 0.003

*1 carriers:
*1/*3 and *1/*1

6 44

CYP2C9*2 *1/*1 9 39 OR = 0.64
95% CI:

0.16–2.46
χ² = 0.88; p = 0.77

Variants
*2 carriers:

*1/*2 and *2/*2

4 11

CYP2C9*3 *1/*1 10 42 OR = 0.64
95% CI:

0.14–2.83
χ² = 0.036; p = 0.85

*3 carriers:
*1/*3 (no *3/*3)

3 8

BCRP C carriers:
CA (no CC)

4 8 OR = 2.33
95% CI:

0.58–9.46
χ² = 0.66; p = 0.42

AA 9 42

SLCO1B1 C carriers
TC, CC

8^ 14^^ OR = 4.11
95% CI:

1.15–14.8
χ² = 3.74; p = 0.05

TT 5 36

SLCO1B1
alleles

C alleles 10 15 OR = 3.54
95% CI:

1.35–9.27
χ² = 5.7; p = 0.017

T alleles 16 85

^2 with CC genotype; ^^1 with CC genotype.

studies a correlation was found between carriage 
of the CYP3A5*3*3 genotype and much higher lip-
id-lowering efficacy of the simvastatin treatment 
in Caucasian and Chinese patients [19–21].

At the same time, Fiegenbaum et al. did not 
discover any simvastatin-associated efficacy or 
intolerance in CYP3A5*3 carriers [22]. 

In other studies, the relation between cho-
lesterol level lowering effect and carriage of the 
CYP3A4*22 allele was demonstrated mainly for 
Caucasian ancestry patients [23], which was sup-
ported by the experimental data obtained in trials 
[24, 25].

Thus, the simvastatin metabolism combined 
effects caused by the CYP3A4 and functional CY-
P3A5 activities; existence of such dual combina-
tion partially impairs clinical effects of the CYP3A5 
genetic polymorphism, but in case of its insuffi-
ciency a higher total activity of the CYP3A, particu-
larly a more significant role of CYP3A4, is required 
in subjects [26–29]. By combining CYP3A4*22 
with CYP3A5 alleles *1, *3 and *7 one can obtain 
a  promising biomarker allowing prediction of 
overall CYP3A activity. 

It is known that 85% of Caucasian subjects 
do not express functionally full CYP3A5. Howev-
er, lack of functional CYP3A5 can be substituted 
in them by the metabolism taking place via the 
universally expressed CYP3A4 [26, 27], which may 

apparently be a  compensatory mechanism de-
veloped during evolution. This could explain dif-
ferences in the simvastatin effect in Asians [17, 
21] and African-Americans [18], in whom CYP3A5 
plays a crucial role in total metabolism because of 
its high prevalence. 

On one hand, the simvastatin-induced adverse 
muscular side effects observed in this study in the 
genotype CYP3A5*3*3 carrier ethnic Uzbeks can 
be explained by the increase of its lactone form 
exposure in blood plasma [17]. On the other hand, 
it is known that the solute protein-transporter 
gene SLCO1B1 (c.521T>C) single nucleotide poly-
morphism reduces transport activity of OATP1B1 
that reduces hepatic uptake of acid form of sim-
vastatin, which is accompanied by elevation of its 
concentration in blood plasma and increases my-
opathy risk at high doses of simvastatin [28, 29]. 
For the first time, in the large-scale SEARCH study, 
an association was established between gene 
polymorphism of the SLCO1B1 (c.521T>C) solute 
transporter and statin-induced myopathy devel-
opment in those patients who were given simvas-
tatin doses of 80 mg/day for C-allele carriers [29].

However, in the study presented in this paper, 
in the case group along with 13 SAMS cases, the 
reason for therapy discontinuation in 37 exam-
ined patients was simvastatin-induced effects on 
liver. These effects in ethnic Uzbek patients with  
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*3*3 CYP3A5 genotype could be to some extent 
explained by simvastatin lactone exposure in-
crease in the liver as a result of passive diffusion 
across the cell membrane of hepatocytes and 
inhibition of its conversion into acid, which was 
related to the lack of CYP3A5 expression and low 
functional activity of CYP3A4. 

Statins are excretion transporter substrates 
including ATP-binding cassette transporter BCRP 
(ABCG2). By localizing predominantly on the api-
cal membrane of the small intestinal epithelium 
and hepatocyte canalicular membrane, BCRP can 
restrict intestinal absorption or increase elimina-
tion of its substrates from the liver to the bile, lim-
iting their systemic and organ exposure [30, 31].

One of the most studied BCRP polymorphisms, 
421C>A, is related to reduction of the transport 
activity in in vitro studies [32, 33]. According to 
the published data, prevalence of the A allele is 
10–15% in Caucasian, 25–35% in Asian and 0–5% 
in African-American and African subjects [34, 35]. 

However, these figures were subject to varia-
tion in clinical studies. For example, the A  allele 
frequency reaches 46% in the Japanese popula-
tion [36] and 58.6% in Chinese subjects living in 
the USA [11]. It is of special interest to mention 
the study in which for the first time the BCRP al-
lele prevalence was investigated in a Turkish pop-
ulation [37], where AA genotype carrier frequency 
in 157 healthy subjects was 98.7%, whereas that 
in 108 patients was 72.2%, which coincided with 
our results – 73.0% in ethnic Uzbeks.

The patients with homozygous BCRP 421A/A 
genotype had elevated levels of rosuvastatin and 
atorvastatin in their blood plasma [34, 38], which 
was related to a decrease in the drugs’ efflux to 
the canalicular bile.

In the classical study of Keskitalo et al. [39] it 
was demonstrated that in the subjects with BCRP 
polymorphism AA C421>A  genotype the simvas-
tatin lactone concentration changed significantly, 
whereas the simvastatin acid concentration in 
blood remained almost the same, which resulted 
in the acid/lactone ratio being larger by 46% (p < 
0.05) with statistical significance among C allele 
carriers. However, in the mentioned classical study 
[39], in order to eliminate a potential mixture of 
genetic factors, patient carriers of the *3 allele  
CYP3A5 were excluded. 

It is known that the difference between rosu-
vastatin and simvastatin is that the latter, being 
a  lipophilic prodrug, can autonomously enter 
through the hepatocyte membrane to transform 
into the active acid form inside the cell. In the 
C allele carriers’ liver, the role of the BCRP gene 
C421>A polymorphism is to efflux simvastatin 
lactone (as well as rosuvastatin) from tissue to 
canalicular bile. However, possible consequences 

of such efflux can be significantly different for hy-
drophilic rosuvastatin and lipophilic simvastatin. 
Furthermore, there is speculation as to whether 
bile ductular reabsorption of bile salts and lipo-
philic drugs and cholehepatic shunting could re-
sult in changes in bile composition and promote 
hepatic drug accumulation [40], which in a most 
interesting way is demonstrated based on the 
experimental trials with troglitazone toxicity [41, 
42]. Capabilities of the nonsteroidal anti-inflam-
matory drug sulindac to induce hypercholeresis in 
rats – a phenomenon that is explained by cholehe-
patic shunting – have been described [43].

It is conceivable that drug reabsorption by chol-
angiocytes and cholehepatic shunting contributes 
to the development of hepatic damage. It is quite 
well known in cardiology that ursodeoxycholic 
acid and some new agents [44] contribute to elim-
ination of cholehepatic shunting and decrease of 
statin-induced side effects.

Thus, in patients with combined *3/*3 geno-
type (6986A>G) CYP3A5 and CA (421C>A) BCRP 
along with a threefold simvastatin concentration 
elevation in blood plasma [21], simvastatin efflux 
to bile through the canalicular membrane takes 
place. However, in contrast to the hydrophilic ro-
suvastatin, increased efflux of lipophilic simvasta-
tin to bile may be accompanied by bile ductular 
reabsorption of bile salts and drugs, and cholehe-
patic shunting could result in changes in bile com-
position and promote toxic effects as a result of 
hepatic drug accumulation.

It is also known that many other factors includ-
ing age, ethnicity, accompanying diseases and ad-
ministered drugs can cause significant effects on in-
dividual characteristics of statin pharmacokinetics.

The obvious limitation of this study, with hind-
sight, is the method for gathering data, based on 
the selection of a case group of patients with sim-
vastatin intolerance, whereas this phenomenon is 
not uniform. 

Future studies should be planned concentrating 
on one of the intolerance phenomena: simvasta-
tin-associated muscle  (SAMS) or  liver symptoms, 
which will allow more careful analysis of results to 
be carried out. However, as it seems to us, there 
was one advantage in the chosen approach: the 
ability to compare two phenomena  and to out-
line a  difference of the genetic determinants, 
having found out that not only an increase of 
the statins’ concentration in the blood is the basis 
for the development of adverse symptoms.

In conclusion, the *3/*3 genotype of the CY-
P3A5 (6986A>G) gene and CA genotype of the 
BCRP (ABCG2, 421C>A) gene were associated with 
the simvastatin-induced liver symptoms in ethnic 
Uzbek CAD patients, whereas in patients with 
simvastatin-associated muscle symptoms (SAMS), 
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the combination of *3/*3 genotype of the CYP3A5 
(6986A> G) gene and carriage of the C allele of the 
SLCO1B1 gene polymorphism was predominant.
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