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Association of APOE polymorphisms with lipid-lowering efficacy of statins

in atherosclerotic cardiovascular disease
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ABSTRACT

Introduction: The apolipoprotein E (4POE) gene is a promising candidate for the diagnosis of
hyperlipoproteinaemia and atherosclerosis. Polymorphisms in 4POE have been reported to result in
differential efficacies of statin drugs in atherosclerotic cardiovascular disease.

Methods: We classified the APOE genotypes of 225 patients treated with atorvastatin, and analysed
the relation between genotypes and serum lipid levels.

Results: The baseline serum levels of total cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C) were significantly lower in carriers of APOE €3 than of APOE €4 genotypes. The serum levels
of TC and LDL-C decreased significantly after 1 month of atorvastatin treatment. Atorvastatin has a
higher significant effect in reducing serum TC and LDL-C levels in patients with the APOE €4 genotype.

Conclusion: Polymorphism in the APOE gene is related to the efficacy of atorvastatin in reducing the

serum levels of TC and LDL-C.
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INTRODUCTION

Dyslipidaemia is an important cardiovascular risk
factor. Statin, a hydroxymethylglutaryl coenzyme A
reductase inhibitor, is widely used to reduce the risk
of atherosclerotic cardiovascular disease (ASCVD).!
It primarily inhibits the synthesis of cholesterol by
lowering low-density lipoprotein cholesterol (LDL-C)
levels in the body. However, a large proportion of
patients fail to achieve target levels of lipids with
statins, and may present with adverse reactions, such
as new-onset diabetes mellitus, statin-associated
muscle symptoms, and drug-induced liver injury.?
Evidence has accumulated to show that the genetic
background of the host plays a vital role in blood
lipid levels and lipoproteins.® Studies have reported
that apolipoprotein E (4POE) gene polymorphism is a
major factor influencing the effect of statins on ASCVD.**
Moreover, APOE was found to be involved in the
regulation of lipid metabolism through various pathways,
playing an important intrinsic factor in lipid levels in
the body.®* The APOE gene, which translates into a 299

amino acid-containing lipid-transport protein, is located
on chromosome 19ql13. It is expressed in various
tissues, including blood, liver, brain, spleen, lung,
kidney and muscles.” The human APOE has 2 main
single-nucleotide polymorphisms (526C>T and
388T>C), which can form the following 3 main
haploids and affect subsequent functional changes and
pathological consequences: epsilon-2 (£2) (388T-526T),
epsilon-3 (&3) (388T-526C), and epsilon-4 (&4)
(388C-526C).* Besides these, €1 and &5 are 2 rare
alleles of the gene (0.1%) found in the Framingham
population. The molecular basis of the APOE single-
nucleotide polymorphisms has been attributed to the
exchange of cysteine and arginine. Six polymorphic
alleles carry homozygous and heterozygous genotypes,
€2/€2, €2/€3, €2/e4, €3/e3, €3/e4, and e4/e4.° The
affinity for the lipoprotein receptor, and the in vivo
metabolic rates are known to differ among the APOE
gene-encoded isoforms. The stability of APOE
isoforms has been shown to decrease in the order
of €2, €3, then &4, resulting in differences in blood
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CLINICAL IMPACT

What is New

* Polymorphism in APOE of the study population
was related to lipid-lowering efficacy of atorvastatin.

Clinical Implications

* Astandard-dose statin alone may be
insufficient for APOE ¢4 carriers in atherosclerotic
cardiovascular disease. There is clinical importance
for the detection of APOE genotypes to evaluate
lipid-lowering effect of statins.

lipid levels among individuals. Interestingly,
isomers of APOE have been associated with
susceptibility to different diseases. For instance, €2 has
been associated with increased plasma levels of total
cholesterol (TC) and triglyceride (TG), and is a risk
factor for type III hyperlipoproteinaemia, whereas &4
carriers generally have higher plasma concentrations
of TG and LDL-C and an increased risk of ASCVD."
Studies have also shown APOE &2 to be associated
with prolonged survival compared with APOE €3,
while mortality risk was increased in €4 carriers.!
Of note, €3 (79%) is the most common allele in the
population of Europe and Asia, whereas €4 (13.3%)
and €2 (7.3%) are less frequently observed.'>!

Although there have been several studies on the
role of APOE polymorphism in lipid-lowering therapy
using statins, other studies have reached inconsistent
conclusions.'* The relationship between APOE
genotypes and statin efficacy remains controversial
and inconclusive. In this study, we investigated a
possible correlation between APOE polymorphism
and the lipid-lowering efficacy of atorvastatin.

METHODS

Study design and participants

The study was conducted according to guidelines
established in the Declaration of Helsinki, and
approved by the Human Ethics Committee of
Affiliated Hospital of Inner Mongolia Medical
University. We enrolled 225 coronary heart disease
patients in Inner Mongolia from September 2017
to December 2018. Written informed consent was
obtained from all subjects. This was a retrospective,
double-blind, randomised, single-centre study de-
signed to analyse the relationship between blood lipid

levels and APOE genotypes of patients on atorvastatin
(Lipitor) (Viatris Inc, Canonsburg, US) for 1 month.
Mean age of patients was 63.7 years (standard
deviation=11.2). Major exclusion criteria included
severe liver damage, renal failure, heart failure and
malignancy. The detection of APOE, using the gene-
chip method, was completed before the enrolled patients
commenced treatment with atorvastatin 20mg daily.
Venous blood samples were collected after 12 hours of
fasting. Metabolic indicators such as TG, TC, LDL-C
and high-density lipoprotein cholesterol (HDL-C) were
measured. After 1 month, the indices were reviewed.

Laboratory analysis

Total genomic DNA was extracted from 2mL of
peripheral venous blood (in tubes containing EDTA
anticoagulant) and stored at -80 degree Celsius until
thawed for analysis. Using Baio R-Hyb automated
hybridisation instrument (Shanghai BaiO Technology
Company Ltd., Shanghai, China), a commercial APOE
gene detection kit and analysing equipment, gene
chips placed in the BaiO BE-2.0 Gene Chip Readerware
were analysed. Genotyping was carried out by
polymerase chain reaction-based ligase detection
reaction using PerkinElmer GeneAmp 9600 PCR
System (PerkinElmer, Shanghai, China). Accuracy of
genotyping was ensured using duplicate samples and
negative controls.

Statistical analysis

Continuous variables were expressed as mean (standard
deviation) or as median (interquartile range) for non-
normally distributed variables. Categorical variables
were expressed as frequency and percentage. Data
normality was determined using the Kolmogorov-
Smirnov test. Changes in the levels of lipids, with
respect to baseline, were assessed using the Student’s
t-test for normally distributed variables and the Mann-
Whitney U test for non-parametric variables. Analysis
of variance (ANOVA) testing was performed to
analyse the differences across 4APOE genotypes, and
Kruskal-Wallis test was used for multiple comparisons.
Statistical analysis was performed using SPSS
Statistics software version 22 (IBM Corp, Armonk,
US). A P value of 0.05 was considered statistically
significant.

RESULTS

The baseline characteristics of the 225 participants
who received treatment with atorvastatin is shown in
Table 1. Excluding non-genetic tests and duplicate

Ann Acad Med Singap Vol 50 No 6 June 2021 | annals.edu.sg



476 APOE polymorphisms and statin efficacy—Yuexi Wang et al.

samples, 225 samples were tested for gene distribution
frequency (Table 2). The number of €2, €3 and &4
carriers was 24, 170 and 31, respectively, excluding
patients with incomplete data on blood lipid levels.
In the distribution of APOE alleles, we observed that
€3 had the highest proportion (75.56%). The distribution
of €2 and €4 were found to be 10.67% and 13.78%,
respectively. Among APOE genotypes €3/e3 was the
most highly distributed (73.33%), followed by €2/€3
(10.22%) and €3/e4 (13.33%). The least common were
€2/€2 (0.44%) and e4/€4 (0.44%).

We then performed a comparison of lipid levels
among the 3 groups of €2, €3 and &4 by variance
analysis. The levels of TC and LDL-C in the &3
genotype were significantly lower than those in the

Table 1. Baseline characteristics of patients in study

Characteristics N=225
Age, mean (SD), years 63.7 (11.2)
Male, no. (%) 127 (56.4)
Female, no. (%) 98 (43.6)
Hypertension, no. (%) 93 (40.8)
Type 2 diabetes, no. (%) 34 (14.9)
Coronary heart disease, no. (%) 97 (42.5)
SD: standard deviation
Table 2. Distribution of APOE genotypes in patients
Isoform No. of patients (%) Genotype No. (%)
€2 24 (10.67) £2/€2 1(0.44)
€2/€3 23(10.22)
€3 170 (75.56) £2/e4 5(2.22)
€3/e3 165 (73.33)
&4 31 (13.78) €3/e4 30(13.33)
ed/e4 1(0.44)

€4 genotype; there was no statistical difference among
the different genotypes for levels of TG and HDL-C
(Fig. 1).

The number of samples that were ultimately followed
up was 78. Paired Student’s t-tests were used to group
the blood lipids and genotypes, after treatment. There
was a significant decrease in the levels of TC (4.5
versus 3.99mmol/L, 0.51mmol reduction) and LDL-C
(2.68 vs 2.34mmol/L, 0.34mmol/L reduction), P<0.05.

However, there was no statistical difference observed
in the levels of TG (2.00 vs 1.74mmol/L) and HDL-C
(1.04 vs 0.92mmol/L) (Fig. 2).

We further evaluated the effect of different APOE
genotypes in lowering lipid levels in patients during
follow-up. There were 8 patients with €2, 60 patients
with €3, and 10 patients with €4; statins was found
to be more effective in lowering the levels of TC and
LDL-C in APOE €4 (Table 3) (Fig. 3). Baseline
characteristics were also compared among APOE
genotypes, there were no statistically significant
differences in age, gender and comorbidities of study
participants (Table 4).

DISCUSSION

Our study indicated that €3 exhibited the highest
distribution frequency (75.56%), followed by &4
(13.78%) and €2 (10.67%). Additionally, the proportion
of €3/e3 individuals was higher, consistent with the
findings of previous studies.'>!®

The basal values of TC and LDL-C significantly vary
across the genotypes. Specifically, €4 carriers in our
study population have relatively higher levels of TC
and LDL-C. The APOE protein is known to be a
high-affinity ligand for receptors of the LDL family, the
impact of APOE on the metabolism of lipoproteins is
thought to be largely the result of an effect on receptor-
binding activity by APOE.!

The 3 alleles—=¢2, €3 and e4—differ in their amino-
acid sequences, resulting in functional differences
in the affinity of LDL receptors in binding. The
APOE €2 allele has been reported to have a lower
binding affinity than that of the €3 and &4 alleles,
resulting in decreased hepatic levels of very low-
density lipoprotein and chylomicron remnant clearance,
thus reducing the uptake of postprandial lipoprotein
particles. Furthermore, it could be postulated that

Table 3. Reduction in lipid levels with atorvastatin use for each
APOE genotype

Genotype
Lipid APOE €2 APOE €3 APOE €4
TC, % 68.41 86.85 93.74
TG, % 91.94 95.37 96.19
LDL-C, % 93.41 96.44 96.96
HDL-C, % 92.64 95.84 90.91

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride
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Table 4. Age, sex and comorbidity for each APOE genotype

Characteristics APOE £2 APOE €3 APOE €4 P value
Age, mean (SD), years 64.5 (12.9) 63.3 (11.4) 65.6 (9.2) 0.56
Male, no. (%) 11 (45.8) 102 (60.0) 14 (45.2) 0.16
Hypertension, no. (%) 11 (45.8) 69 (40.6) 13 (41.9) 0.89
Type 2 diabetes, no. (%) 6 (25.0) 23 (13.5) 5(16.1) 0.49
Coronary heart disease, no. (%) 10 (41.7) 73 (42.9) 14 (45.2) 0.96

SD: standard deviation
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Fig. 1. Relationship between lipid levels (TC, TG, LDL-C and HDL-C) and €2, €3 and &4 isoforms before treatment with atorvastatin.
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride.
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Fig. 2. Comparison of lipid levels at baseline and after treatment with atorvastatin.
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride.

APOE €4 genotype could increase the affinity for
binding to LDL receptors, resulting in decreased
uptake of LDL-C and increased levels of circulating
plasma cholesterol.? Differences in the levels of blood
lipids, induced by genetic polymorphisms, increase
the risk factors for coronary heart disease among &4
carriers compared to those carrying other alleles.!’
Studies have shown that €4 increases the plasma
levels of TC and LDL-C, as well as the risk for
atherosclerosis.'®!” Moreover, 4 carriers have a 40%
higher risk of developing ASCVD where treatment

with statins is often ineffective, whereas €2 carriers
have been reported to exhibit a higher lipid-lowering
effect with statins.202!

At 1 month follow-up of our patients, we observed
that the levels of TC and LDL-C were significantly
lowered with the same dose of statins, although there
were no significant differences between the TG and
HDL groups. Therefore, the advantages of statin
in lowering cholesterol were consistent with those
previously reported.?? Importantly, a comparison of the
lipid-lowering effect among genotypes revealed that
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Fig. 3. Reduction of lipid levels among 4POE genotypes with the use of atorvastatin.
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride.

g4 carriers exhibited the smallest decrease in the
levels of LDL-C and TC, consistent with findings of
previous studies where the €4 allele seemed to have
an inadequate response to statin therapy compared to
carriers of other alleles.”> Age, gender and diseases
such as diabetes have been reported as factors that
influenced the effectiveness of statins.?* In our study,
baseline characteristics such as age, gender and
diseases were similarly distributed among APOE
genotypes, which may reduce the factors influencing
the lipid-lowering efficacy of statins to an extent. Our

study showed that the APOFE €4 allele was associated
with a poor response to treatment with atorvastatin,
while individuals carrying the APOEF €2 allele appeared
to have a higher cholesterol-lowering effect from it.

CONCLUSION

The current study revealed effects of APOE genotypes
on the lipid-lowering response of statins in patients.
Due to the heterogeneity of our study population,
follow-up studies should involve a larger sample size
and consider the effects of age, race, drug dosage,
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treatment duration, environment, and statistical method
used. The results of our study suggest the lipid-
lowering effect of a standard-dose atorvastatin may
be insufficient for APOE €4 carriers. Further studies
on APOE genotypes and its role in lipid-lowering
effect of statins is of clinical importance.
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