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Abstract 

Purpose: To determine the value of statin metabolism-related gene testing in guiding individualized 
drug use in cardiovascular and cerebrovascular diseases. 
Methodology: A total of 158 eligible patients with cardiovascular and cerebrovascular diseases in the 
Outpatient Department, Yantai City Yantaishan Hospital, Laishan District, Shandong Province were 
recruited and assigned based on their diseases to group A (81 patients with coronary heart disease), 
group B (77 patients with cerebral infarction). The control group comprised 75 healthy individuals. 
Results: The GG, GT, and TT genotypes in ABCB1 (2677G > T) in group A had a G allele frequency of 
0.556 and a T allele frequency of 0.444, while CC, CT, and TT genotypes in ABCB1 (3435C > T) in 
group A had a C allele frequency of 0.555 and a T allele frequency of 0.445. Significant differences 
were observed in the effectiveness of statins in treating patients with different genotypes (p < 0.05). 
Conclusion: Genetic testing related to statin metabolism is of significant value in guiding the use of 
medication in patients with cardiovascular disease, as most of these patients present with 
dyslipidaemia. Significant individual differences in gene polymorphisms exist between patients with the 
same disease. 
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INTRODUCTION 
 

In recent years, the prevalence of dyslipidaemic 
conditions has increased due to changes in daily 
habits and diets [1]. Dyslipidemia is one of the 
causative factors of cardiovascular diseases [2]. 
The incidence of cardiovascular and 
cerebrovascular diseases in China is on the 
increase, with a higher prevalence in the younger 
population [3]. 

 
Dyslipidemia is commonly managed using statins 
in the clinical setting and results in excellent 
outcomes [4]. Nonetheless, the individual 
differences among patients lead to limitations in 
its generalizability [5]. With the advent of the 
concept of clinical precision medicine in recent 
years, metabolism-related genetic testing of 
statins in the management of dyslipidemia has 
attracted extensive clinical interest [6].  
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To this end, three SNP loci of statin metabolism-
associated genes {ABCB1 (2677G > T), ABCB1 
(3435C > T), SLCO1B1*5 (T > C)} were 
investigated in this study to guide individualized 
drug use in cardiovascular diseases. 
 

METHODS 
 
Study population 
 
A total of 158 patients with cardiovascular and 
cerebrovascular diseases in Yantai City 
Yantaishan Hospital were recruited and assigned 
by their diseases to group A (81 patients with 
coronary heart disease), and group B (77 
patients with cerebral infarction). The control 
group comprised 75 healthy individuals. Approval 
for the study was received from the institutional 
ethics committee, and the study complied with 
the guidelines for human studies. 
 
Inclusion and exclusion criteria 
 
Patients with diagnosis confirmed by clinically 
relevant test results, with complete clinical data 
confirming cardiovascular and cerebrovascular 
diseases, and who provided written informed 
consent were recruited. Patients with oncological 
diseases, serious organ diseases, systemic 
diseases, and poor compliance with therapy 
were excluded from the study. 
 
Evaluation of lipid-related indices 
 
Venous blood (5 mL) was collected from all 
participants and centrifuged to obtain the serum. 
The serum concentrations of total cholesterol 
(TC), triacylglycerol (TG), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C) were determined. 
 
Genetic testing 
 
Elbow venous blood (2 mL) was obtained from 
each patient and placed in ethylenediamine 
tetraacetic acid anticoagulation tubes. The blood 
specimens were pretreated with NH4Cl to obtain 
leukocytes. The SNP typing of ABCB1 (2677G > 
T), ABCB1 (3435C > T), and SLCO1B1*5 (T > C) 
was done using a fluorescence detector and 
fluorescent staining hybridization [7]. 
 
Statin administration 
 
Forty-five patients in group A receiving statins 
were treated with 20 mg of atorvastatin (Beijing 
Jialin Pharmaceutical Co. Ltd, H20093819) daily 
for 30 days. 

 
Statistical analysis 
 
Data analyses were performed with IBM SPSS 
statistics 24.0 and Stata 16. The numerical 
variables are described as means, median, 
standard deviations (SD), and ranges. 
Categorical variables are described as 
frequencies, and inter‐group differences were 

analyzed by chi‐square test. Continuous 
variables with normality were checked with the 
Kolmogorov–Smirnov test. Inter‐group 
comparison of normally distributed variables was 
done using t-test; non-normal distributed 
variables were compared using Mann–
Whitney U-test. Statistical significance was set at 
p < 0.05. 
 

RESULTS 
 
Baseline characteristics 
 
There were 46 male and 35 female patients in 
group A, aged 50 - 78 (69.42 ± 11.37) years. 
They had a mean TC of 4.72 ± 1.43 mmol/L, a 
mean TG of 3.06 ± 2.45 mmol/L, a mean LDL-C-
C of 3.12 ± 1.71 mmol/L, and a mean HDL-C-C 
of 0.94 ± 0.23 mmol/L. There were 44 male and 
33 female patients in group B, aged 48 - 79 
(69.39 ± 11.45) years. They had a mean TC of 
4.36 ± 0.94 mmol/L, a mean TG of 2.32 ± 1.31 
mmol/L, a mean LDL-C-C of 2.64 ± 0.82 mmol/L, 
and a mean HDL-C-C of 1.10 ± 0.37 mmol/L. 
There were 43 male and 32 female participants 
in the control group, aged 49 - 77 (69.37 ± 11.62) 
years. They had a mean TC of 4.48 ± 0.91 
mmol/L, a mean TG of 1.46 ± 0.85 mmol/L, a 
mean LDL-C-C of 2.83 ± 0.82 mmol/L, and a 
mean HDL-C-C of 1.24 ± 0.33 mmol/L. Patients 
in groups A and B exhibited higher TG levels and 
LDL-C-C levels and lower HDL-C-C levels than 
the controls (p < 0.05) (Table 1). 
 
Genotype distribution and allele frequencies 
 
The GG, GT, and TT genotypes in ABCB1 
(2677G > T) in group A were 28, 34, and 19 
cases, respectively, with a G allele frequency of 
0.556 and a T allele frequency of 0.444; The CC, 
CT, and TT genotypes in ABCB1 (3435C > T) in 
group A were 26, 38, and 17 cases, respectively, 
with a C allele frequency of 0.555 and a T allele 
frequency of 0.445; The TT, TC, and CC 
genotypes in SLCO1B1*5 (T > C) in group A 
were 61, 20, and 0 cases, respectively, with T 
allele frequency of 0.875 and C allele frequency 
of 0.125. 
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Table 1: Patients’ baseline data 
 

Parameter Group A (n=81) Group B (n=77) Control group (n=75) 

Gender      
Male  46 44 43 
Female  35 33 32 
Age (year) 69.42±11.37 69.39±11.45 69.37±11.62 
TC(mmol/L) 4.72±1.43 4.36±0.94 4.48±0.91 
TG(mmol/L) 3.06±2.45* 2.32±1.31* 1.46±0.85 
LDL-C-C(mmol/L) 3.12±1.71* 2.64±0.82 2.83±0.82 
HDL-C-C(mmol/L) 0.94±0.23* 1.10±0.37* 1.24±0.33 

     Note: *P < 0.05 when compared with the control group 
 

The GG, GT, and TT genotypes in 
ABCB1(2677G > T) in group B were 26, 27, and 
24 cases, respectively, with a G allele frequency 
of 0.505 and T allele frequency of 0.495; the CC, 
CT, and TT genotypes in ABCB1(3435C > T) in 
group B were 28, 35, and 14 cases, respectively, 
with C allele frequency of 0.588 and T allele 
frequency of 0.412; the TT, TC, and CC 
genotypes in SLCO1B1*5 (T > C) in group B 
were 54, 23, and 0 cases, respectively, with a T 
allele frequency of 0.849 and a C allele 
frequency of 0.151 (Table 2). 
 
Lipid-related indices before and after statin 
treatment 
 
Patients exhibited significantly reduced serum 
concentrations of TG, TC, and LDL-C and 
elevated serum concentrations of HDL-C after 
the administration of statins (all p < 0.05) (Table 
3). 
 
Lipid-related indices before and after statin 
treatment 
 
Significant differences were observed in the 
effectiveness of statins in treating patients with 
different genotypes (p < 0.05) (Table 4). 
 

DISCUSSION 
 
Cardiovascular diseases refer to the 
development of ischemic or hemorrhagic 
diseases of the heart and brain caused by 
hyperlipidemia, hypertension, and 
atherosclerosis [8]. Studies suggested that 
dyslipidemia is a major contributor to the 
occurrence and development of cardiovascular 

and cerebrovascular diseases [9]. Therefore, 
lipid control in patients with dyslipidemia is the 
main preventive and curative measure in clinical 
practice. Several studies have confirmed that 
alterations in human lipid metabolism, especially 
elevated serum LDL-C concentrations and 
decreased serum HDL-C concentration 
contribute to increased morbidity and mortality of 
cardiovascular and cerebrovascular diseases 
[10]. The present study suggests a negative and 
exclusive correlation between HDL-C and the 
occurrence of cardiovascular disease and 
significant differences in lipid levels between 
patients with cardiovascular disease and the 
healthy population. 
 
Table 2: Genotype distribution and allele frequencies 
 

Parameter 
Group A 
(n=81) 

Group B 
(n=77) 

ABCB1(2677G＞T)   

GG 28 26 

GT 34 27 

TT 19 24 
G allele frequency 0.556 0.505 
T allele frequency 0.444 0.495 

ABCB1(3435C＞T)   

CC 26 28 

CT 38 35 

TT 17 14 

C allele frequency 0.555 0.588 

T allele frequency 0.445 0.412 

SLCO1B1*5(T＞C)   

TT 61 54 
TC 20 23 
CC 0 0 
G allele frequency 0.875 0.849 
T allele frequency 0.125 0.151 

 
Table 3: Comparison of lipid-related indicators before and after statin treatment 

 

Parameter 
TC 

(mmol/L) 
TG 

(mmol/L) 
LDL-C-C 
(mmol/L) 

HDL-C-C 
(mmol/L) 

Before treatment 4.92±1.63 2.57±0.83 3.14±1.35 0.95±0.23 
After treatment 3.72±1.09 1.26±0.34 1.94±0.87 1.12±0.20 
T 4.105 9.797 5.012 -3.742 

P-value ＜0.001 ＜0.001 ＜0.001 ＜0.001 

 



Zhang et al 

Trop J Pharm Res, February 2023; 22(2): 450 

 

Table 4: Comparison of lipid-related indicators before and after statin treatment in patients with different 
genotypes 
 

Parameter n TC (mmol/L) TG (mmol/L) 
LDL-C-C 
(mmol/L) 

HDL-C-C 
(mmol/L) 

ABCB1(2677G＞T) 45     

GG 12     
Before treatment  4.87±1.52 2.55±0.78 1.31±0.38 1.02±0.27 
After treatment  3.67±1.19* 1.09±0.23* 2.07±1.22* 1.05±0.17 
GT 22     
Before treatment  4.95±1.92 3.11±0.54 3.13±1.58 0.88±0.19 
After treatment  3.61±1.22* 1.17±0.32* 1.92±0.85* 1.11±0.20 
TT 11     
Before treatment  4.84±1.31 1.93±0.89 2.84±1.06 0.95±0.32 
After treatment  3.88±0.86 1.19±0.67* 1.91±0.67 1.16±0.31 

ABCB1(3435C＞T) 45     

CC 11     
Before treatment  5.41±1.72 1.91±0.78 3.07±1.73 0.97±0.22 
After treatment  4.13±1.45* 1.69±0.39* 2.04±0.95* 1.08±0.26 
CT 26     
Before treatment  4.83±1.69 1.47±0.52 3.19±1.41 0.93±0.26 
After treatment  3.57±1.06* 1.02±0.44* 1.94±0.95* 1.12±0.22* 
TT 8     
Before treatment  4.41±1.47 1.28±0.68 2.97±0.85 0.88±0.14 
After treatment  3.56±0.61 1.11±0.19 1.86±0.62* 1.09±0.18* 

SLCO1B1*5(T＞C) 45     

TT 36     
Before treatment  4.77±1.63 1.64±0.52 3.07±1.32 0.93±0.25 
After treatment  3.72±1.10* 1.16±0.39* 1.95±0.86* 1.10±0.23* 
TC 9     
Before treatment  5.41±1.62 2.35±1.06 3.39±1.78 0.90±0.24 
After treatment  3.71±1.22* 1.04±0.69* 1.92±0.91* 1.15±0.25* 

         Note: *P < 0.05 when compared with pre-treatment data 
 

Statins are currently the preferred option for the 
management of dyslipidemic conditions [11]. 
Evidence suggests that statins play a key role in 
reducing TC, TG, and LDL-C levels, and 
elevating HDL-C levels [12]. However, they are 
associated with liver dysfunction and 
rhabdomyolysis due to individual differences 
among patients [13]. 
 
 It has been found that the main cause of 
individual differences triggered by statins is 
genetic after excluding the influencing factors 
such as gender and age [14]. Genomic testing of 
statins prior to treatment is, therefore, imperative 
[15], as it predicts the risk of statin use, and 
evaluates the efficacy of statins, thereby 
providing medication guidance for patients [16]. 
 
The present study showed significantly reduced 
TG, TC, and LDL-C levels and increased HDL-C 
levels after the administration of statins, 
confirming the effectiveness of statins in 
regulating blood lipids. To further clarify the 
differences in response to statins across 
genotypes, changes in lipid levels in 45 patients 
with different genetic polymorphisms before and 
after treatment were compared. The ABCB1 
gene encodes a product of the intestinal efflux 
transporter P-glycoprotein, which reduces drug 

absorption and limits drug utilization [17]. 
Evidence suggested that GG patients with 
ABCB1 (2677G > T) type GG exhibited 
significantly better improvement in TC and HDL-
C levels on statins than non-GG patients. In the 
present study, the efficacy of statins was 
significantly stronger in GT patients than in non-
GT patients, which is inconsistent with the 
findings of Ruiz-Iruela et al [18]. 
 
This inconsistency indicates that the effects of 
genetic polymorphisms on ABCB1 transport and 
statins still require further investigation. It has 
been found that among 3435C > T, patients with 
CC and CT types who took statins had 
significantly better HDL-C elevation and LDL-C 
reduction than those with TT types, which were 
consistent with the findings in the current study. 
These results indicate that among 3435C > T, 
the lipid-lowering effect is more desirable in 
patients with CT type. SLCO1B1*5 (T > C) is the 
risk gene for determining statins [19], where TT 
type is normally metabolized, and its metabolism 
of statins is normal. The CT type is intermediate 
in metabolism and is less able to metabolize 
statins. Patients with CC type have an extremely 
weak response to statins, and the weaker 
metabolism means that patients are at higher risk 
of adverse reactions from statins. The results of 
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the current study showed that the lipid-lowering 
effect in SLCO1B1*5 (T > C) was better in TT 
patients than in non-TT patients, which is similar 
to the results of previous studies [20]. 
 

CONCLUSION 
 
Genetic testing with regard to statin metabolism 
is of high value in guiding the use of medication 
in patients with cardiovascular disease, as most 
of these patients present with dyslipidemia. 
Significant individual differences in gene 
polymorphisms exist between patients with the 
same disease. This procedure can be further 
investigated as a tool for guidance in selecting 
medication choices for various disease 
conditions. 
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