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Abstract

Background Statins are well known for their efficacy to improve lipid profiles. Their efficacy varies between individu-
als and can be modified by patient factors such as genetic polymorphisms. This study used a cross-sectional retro-
spective design to assess the effect of selected single nucleotide polymorphisms (SNPs) and other patient-specific
clinical variables on statin-related lipid profile changes in a subgroup of Malaysians. The impact of low and moderate
intensity of statin doses (10-40 mg/day for at least six weeks), regardless of statin types, was assessed between SNPs
of previously identified genes with clinical relation to statin efficacy and lipid profile changes before (baseline)

and after statin treatment; two ranges of treatment durations, i.e. <6 months and 7-12 months. DNA was extracted
from patient’s venous blood (3 mL), and SNP genotyping was performed using PCR-RFLP method. Using a dominant
genetic model, the association between selected SNPs from six genes of interest (ABCG2, ABCC2, APOE, APOAS, GATM
and COQ?2) and the patients'lipid profiles was investigated.

Results A total of 229 statin-treated patients were included. The mean age of the patients was 53+7.16 years,

and they were mostly females (53.3%), Malay (96.1%), and were taking atorvastatin and simvastatin (90.4%). Seven
SNPs genotyped from six genes investigated were related to different lipid profile before and after statin treatment. At
baseline, ABCG2 152231142 (P=0.035) and APOA5 1662799 (P=0.007) variants had higher HDL-c levels, while ABCC2
rs717620 variants had higher TC (P=0.040) and LDL-c levels (P=0.022). Following statin treatment, ABCC2 rs717620
(lower TG, P=0.009) and APOA5 rs662799 (higher HDL, P=0.031; lower TG, P=0.037) were associated with improved
lipid profiles, with the association being substantially related to males carrying minor alleles of the SNPs. None

of the investigated SNPs were related to significant statin-related LDL-c lowering effects during statin therapy.

Conclusion To better understand inter-individual heterogeneity in lipid profiles during statin therapy, it would be
helpful to take patient genetics and gender into consideration before and after administering statins.

Background
Hyperlipidemia (HPL) is one of the risk factors for car-
diovascular diseases (CVD), as previously reported in the
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cholesterol (LDL-c) has also been identified as primary
targets for lipid reduction in HPL patients. A meta-
analysis study conducted by the Cholesterol Treatment
Trialists’ Collaborators found that lowering LDL-c by
1 mmol/L reduced coronary mortality by 19.0% (risk
ratio=0.81, P<0.0001) [3]. The National Cholesterol
Education Program Adult Treatment Panel III has recog-
nized two treatment options for lowering LDL-c levels:
therapeutic lifestyle changes and lipid-lowering drugs [4].

Statins, one of the most commonly used lipid-lowering
drugs, have been recognized as the first line of defence
against HPL [5, 6]. Statin works in the liver by competi-
tively inhibiting the 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase. The enzyme involves in
the conversion of HMG-CoA to L-mevalonate, decreases
cholesterol synthesis in the organ and increases cho-
lesterol uptake from the circulation as a compensatory
mechanism [7, 8]. Statins have been reported to reduce
LDL-c levels by 24—-60% [9], with inter-individual het-
erogeneity for LDL-c lowering effects that could be
attributable to a variety of factors, including genetic poly-
morphisms [10].

In comparison with Western countries, the Southeast
Asian region has less data on statin pharmacogenetics.
Several genetic variants have been proposed as the most
widely investigated candidate genes determining statin
efficacy among Asian populations: genes in transmem-
brane transporters, cytochrome P450 isoenzymes, and
apolipoproteins (APO). Based on previously promising
associations with statin efficacy and toxicity, the gene
association approach in this study considered the fol-
lowing single nucleotide polymorphisms (SNPs) based
on their clinical necessities: APOAS rs662799, rs429358,
and rs7412 in the APOE (regulation in lipid metabolism),
ABCG2 1rs2231142 and ABCC2 rs717620 (statin trans-
port and disposition) and GATM rs9806699 and COQ2
rs4693075 (associated with statin toxicity) [11-18]. As
such, the current study sought to investigate the potential
association between the aforementioned SNPs, as well as
other patient-specific clinical factors, and lipid profiles
in patients treated with low and moderate intensity sta-
tin doses (10-40 mg/day) in a subset of outpatient statin
users in Malaysia.

Methods

Patient recruitment

Ethical approval for the study was provided by the Human
Research Ethics Committee (JePeM), Centre for Research
Initiatives Clinical and Health, Universiti Sains Malay-
sia (USM) Health Campus (approval number: USM/
JePeM/19070437). This cross-sectional retrospective
study involved 229 hyperlipidemic patients who received
low and moderate intensity statin doses (10-40 mg/day)
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from an outpatient clinic at Hospital USM (HUSM), a
university-affiliated teaching hospital on Malaysia’s east
coast. Patients were consecutively recruited between
February 2018 and September 2020 during their routine
lipid monitoring. Following informed written consent,
medical records of the included subjects were reviewed,
and a face-to-face interview was conducted by a quali-
fied research nurse. Inclusion criteria include: (i) being
between the ages of 18 and 75 and (ii) taking statin for at
least six weeks. Exclusion criteria include: (i) diagnosed
with familial hypercholesterolemia, hepatic, renal, thy-
roid, or malignant diseases; (ii) taking other drugs that
have been demonstrated to interfere with statin efficacy;
and (iii) being prescribed with other types of lipid-low-
ering drugs. Data for overnight fasting lipid levels (TC,
HDL-c, LDL-c, and TG) were recorded on the day of
patient visit to the clinic in the morning and categorized
into two ranges of treatment durations, i.e.<6 months
and 7-12 months. The corresponding baseline lipid levels
(when the patients first started statin treatment; there-
fore, they were considered measurements without sta-
tin exposure), statin type and doses, and other clinical
parameters were collected from the hospital database.

SNP genotyping

In addition to routine serum biochemical measurements
(“Biochemical analysis” section), each patient provided a
3 mL venous blood sample, which was transferred into
EDTA tubes and stored at — 80 °C for subsequent geno-
typing. The DNA was extracted according to the manu-
facturer’s protocols (GeneAll Biotechnology, Korea) and
stored at — 20 °C until further use. SNP genotyping was
performed using polymerase chain reaction-restriction
fragment length polymorphisms (PCR-RFLP). Table 1
presents information about primer sequences and spe-
cific PCR-RFLP settings. The PCR process began with
5 min of pre-denaturation at 95 °C, followed by 35 cycles
of denaturation at 95 °C for 30 s, annealing at varying
temperatures for each SNP (Table 1), and extension at
72 °C for 30 s. Post-extension was conducted at 72 °C for
10 min. To avoid technical errors and maintain the qual-
ity in genotyping, 5-10% of all samples were picked at
random and sent to the Human Identification Unit DNA
at USM for sequencing analysis. Additional file 1 shows
the figures for the representative electrophoresis gels and
chromatograms that, when possible, capture the wild-
type, heterozygous and homozygous recessive genotypes
for each SNP studied.

Biochemical analysis

Following an overnight fast (9-12 h), blood samples
(2 ml) were collected from each participant for lipid
assessment as part of the patients’ usual follow-up.
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Table 1 Primers sequences, expected PCR product sizes, annealing conditions and restriction enzymes used

Gene SNPs Forward (F) and reverse (R) primers sequences PCR Annealing steps for PCR  Restriction enzyme
products (incubation condition)
size (bp)

ABCG2 rs2231142  F=5"-GTCTCATTAAAATGCTATTT-3' 151 49.2°Cfor35s Msel, (37 °Cfor 1 h)

R=5"-CTCTTGAATGACCCTGTTGA-3'
ABCC2 15717620 F=5"-TGTCCATCCACTGTTTCAATG-3' 193 54.2 °Cfor 1 min Tag®l (65 °C for 1 h)
R=5"-CTGGACTGCGTCTGGAT*C-3'

APOE [56] rs429358 F=5"TCCAAGGAGCTGCAGGCGGCGCA-3' 218 60 °C for 90 s Haell, Afllll (37 °Cfor 1 h)

rs7412 R=5"-GCCCCGGCCTGGTACACTGCCA-3'
GATM rs9806699  F=5"-CAAGCTGCCAACTTCCATCT-3" 225 56.9 °C for 1 min Sdul (37 °Cfor 1 h)
R=5"-CCCTCAGAATGGTGACATCC-3'

COQ2 rs4693075  F=5"-CCACAACTTTCCCACAAATC-3' 219 540°Cfor30s CviKI-1 (37 °Cfor 1 h)
R=5"-TGGTGCGGTGTAGGTATTGA-3'

APOAS [57] 15662799 F=5"-GATTGATTCAAGATGCATTTAGGAC-3" 187 55°Cfor30s Msel (37 °Cfor 1 h)

R=5-CCCCAGGAACTGGAGCGAAATT-3"

ABCC2 ATP-binding cassette subfamily C member 2; ABCG2 ATP-binding cassette subfamily G member 2; APOE Apolipoprotein E; COQ2 Coenzyme Q2
polyprenyltransferase; GATM Glycine amidinotransferase; bp base pair; min minute; s seconds; h hour

*T in primer sequence was replaced with A

Biochemical parameters such as TC, TG, HDL-c, and
LDL-c were determined using an enzymatic colorimet-
ric method on a Hitachi 912 autoanalyzer (RANDOX
laboratories, UK) at the HUSM’s department of Chemical
Pathology.

Sample size calculation

The sample size for the current study was calculated
using an online calculator (https://wnarifin.github.io/
sscweb.html) and was based on the variant allele frequen-
cies for a particular SNP (i.e. CETP rs708272) in a repre-
sentative Asian population, as previously described [19].

Statistical analysis

SPSS software version 26.0 (IBM, USA) was used to per-
form the statistical analysis. Using East Asian (https://
asia.ensembl.org/index.html) as reference population, the
observed genotype frequencies were checked for devia-
tions from the Hardy—Weinberg equilibrium (HWE).
Continuous data were presented as mean +standard
deviation (SD) tested for normality with histograms
and box plots before the Kolmogorov—Smirnov test. A
genetic dominant model was applied to evaluate patient
genotypes between minor allele carriers (heterozy-
gous+homozygous mutant) and wild-type (homozy-
gous dominant). To compare lipid levels in two groups
with normally distributed data, an independent T-test
was used; non-normally distributed data were evalu-
ated using the Mann—Whitney U test. Lipid levels before
and after statin treatment were compared using one-way
repeated measures ANOVA for parametric data and the
Friedman test for nonparametric data. A multivariate

binary logistic regression analysis was used to evaluate
the association between independent factors and patients
achieving the LDL-c target of 2.6 mmol/L or below,
which was the outcome measured. Statistical significance
was defined as P values less than 0.05 (P<0.05).

Results

Characteristics of the patients

Characteristics of the recruited patients and their clini-
cal data are shown in Table 2. The patients had a mean
age of 53+7.16 years, with the majority being females
(53.3%), Malays (96.1%), and treated with lipophilic
statins, i.e. atorvastatin and simvastatin (90.4%), and fol-
lowed by pravastatin (7.0%), and lovastatin (2.6%). All
statin doses recorded at the time of recruitment ranged
from 10 to 40 mg/day (with the majority of patients tak-
ing 10-20 mg/day). Drug adherence was verified by
patient self-report during interviews; in the case of non-
adherence, such as due to mild muscle pain (2 cases),
statin re-challenge resolved the issue and was therefore
included in the analysis. The patients’ diagnosed comor-
bidities, concurrent drugs, particular antihypertensive
drugs that have been prescribed with statin, as well as
baseline lipid levels when patients were initially starting
statin treatment, are presented in Table 2. Patients with
diagnosed comorbidities included diabetes mellitus (DM)
and hypertension (HPT) (39.7%), HPT only (37.1%), HPL
only (12.7%), and DM and HPL (10.5%), therefore they
were provided drugs such as antihypertensive and dia-
betic drugs concurrently (Table 2). In particular, 38.4%
of the patients were prescribed both diabetic and antihy-
pertensive drugs, 37.1% were on antihypertensive drugs,
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Table 2 Patient characteristics and their clinical data

Characteristics n=229°

Age, mean years+SD (range) 53+7.16 (29-69)

Gender, n (%)

Female 122(533)

Male 107 (46.7)
Race, n (%)

Malay 220 (96.1)

Chinese 7(3.1)

Indian 1(04)

Others 1(04)
Statin used, n (%)

Atorvastatin (10-40 mg/day)® 147 (64.2)

Simvastatin (10-40 mg/day)“ 60 (26.2)

Pravastatin (20 mg/day) 16 (7.0)

Lovastatin (20 mg/day) 6 (2.6)
Diagnosed clinical manifestation, n (%)

DM and HPT 91 (39.7)

HPT 85 (37.1)

HPL only 29(12.7)

DM and HPL 24 (10.5)
Concurrent treatment with statin, n (%)

Anti-hypertensive drugs and diabetic medications 88 (38.4)

Anti-hypertensive drugs only 85(37.1)

None 35(15.3)

Diabetic medications only 21(9.2)
Antihypertensive drugs class, n (%)

Combination of two or more anti-hypertensive 99 (57.2)

drugs

Calcium channel blockers only 33(19.1)

Angiotensin-converting enzyme (ACE) inhibitor 24 (13.9)

only

Angiotensin receptor blocker only 10 (5.8)

Diuretic drugs only

Beta-blockers only 3(1.7)
Lipid level at the baseline, mean +SD (mmol/L)

TC (normal range <5.2) 572+1.21

HDL-c (normal range > 1.5) 130+047

LDL-c (normal range < 2.6) 3.72£1.19

TG (normal range < 1.7) 1.65+0.83

DM diabetes mellitus; HDL-c high density lipoprotein; HPL hyperlipidaemia; HPT
hypertension; SD standard deviation; TC total cholesterol; TG triglyceride; LDL-c
low density lipoprotein

2 Only 2 patients developed statin-related mild muscle pain, which disappeared
with statin re-challenge

® Only 5 and 22 patients were on 30 mg/day and 40 mg/day doses, respectively

€ Only three patients were on 40 mg/day simvastatin doses, while the rest
received 10 to 20 mg/day

15.3% were on statin alone, and 9.2% were on diabetic
drugs. Out of 173 patients prescribed with antihyper-
tensive drugs, the majority (57.2%) were prescribed with
two or more combination, followed by calcium channel
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blockers (19.1%), angiotensin-converting enzyme inhibi-
tor (13.9%), angiotensin receptor blocker (5.8%), diuretic
drugs (2.3%), and p-blocker (1.7%).

Genotypic and allelic frequencies

Table 3 compares genotypic and allelic frequencies for
the current study to a reference population from the
Ensembl Genome Browser website (http://asia.ensembl.
org/index.html). The reference population is a healthy
cohort of East Asians. The minor allele frequency
(MAF) of each SNP in the six genes studied is as fol-
lows: ABCG2 rs2231142=0.12, ABCC2 rs717620=0.58,
APOE E4=0.35, GATM 1rs59806699=0.63, COQ2
154693075 =0.96, and APOAS5 rs662799=0.45. All SNPs
were not in HWE with the reference population (P<0.05)
except for COQ2 rs4693075 (P=0.333).

The impact of genetic polymorphisms and other factors

on lipid profile

The effects of the studied genetic polymorphisms on lipid
levels of statin users are shown in Table 4. Before start-
ing statins, certain SNPs were associated with distinct
lipid levels: ABCG2 rs2231142 (P=0.035) and APOAS
rs662799 (P=0.007) were associated with higher HDL-c
levels, and ABCC2 rs717620 was associated with higher
TC (P=0.040) and LDL-c levels (P=0.022). During sta-
tin treatment, ABCG2 rs2231142 (TC, P=0.038) and
APOAS 15662799 (TG, P=0.037) showed a significant
association with lipid profiles. With regard to statin-
related LDL-c lowering effects, none of the SNPs stud-
ied were found to predict significant LDL-c reductions
(P <0.001) with statin treatment.

We previously reported that the gender factor resulted
in different lipid profiles especially for LDL-c and TG
levels in the patient cohort prior to statin treatment, as
shown with CETP rs708272 [19]. Females with minor
allele A carriers for CETP rs708272 had significantly
higher LDL-c (P=0.007) and TG levels (P=0.044) [19].
Interestingly, although CETP rs708272 no longer resulted
in significant LDL-c level changes in the minor allele A
carriers after statin exposure [19], it appears that patient
gender determined improvements in HDL and TG pro-
files, especially in males carrying minor allele G of
APOAS rs662799; higher HDL-c (P=0.006) and lower
TG (P=0.038) in males (Fig. 1a), but not in females (data
not shown). In contrast, male with variants genotypes for
ABCC2 rs717620 (-24C>T) had higher TC (P=0.018)
and LDL-c (P=0.008) levels before statin treatment
(Fig. 1b); the SNP was no longer determined for both
lipids after statin treatment. In multiple binary logistic
regression analysis, only the use of a hydrophilic statin,
i.e. pravastatin (P=0.040), but none of the studied SNPs,
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Fig. 1 The impact of a APOA5 15662799 (A >G) and b ABCC2 rs717620 (C>T) on lipid profiles before and after statin treatment in male HPL patients

age and gender factors independently predicted patient’s
achieving LDL-target of <2.6 mmol/L (Table 5).

Discussion

Statins are the first-line drugs for both primary and sec-
ondary CVD prevention in HPL patients [20]. Numer-
ous clinical studies have demonstrated that statin drugs
are effective against CVD [3], and their efficacy may be
modified by a variety of factors including genetic poly-
morphisms [21]. The current study expands on previous
pharmacogenetic studies of statin efficacy in other pop-
ulations, and we seek to learn more about how particu-
lar genetic polymorphisms, together with other patient
or clinical factors, predict statin-related lipid profile
changes in a subset of Malaysians with HPL. Indeed, by
comparing two geographically distinct populations, such
as Malaysian (a proxy for East Asians) and British (a
proxy for Europeans), pharmacogenetic data can be uti-
lized to predict different clinical outcomes of pharmaco-
logical therapy [22]. The findings in this study highlight
a clear association between certain SNPs (e.g.,, ABCG2
rs2231142, APOAS5 rs662799, and ABCC2 rs717620) and

lipid profiles of HDL-c or LDL-c in Malays prior to statin
treatment, suggesting a different lipid metabolism status
among the patients thus the SNPs may exhibit protective
effects or risk factors for CVD. Following statin treat-
ment with low and moderate intensity statin doses (10—
40 mg/day). Possession of at least one minor allele of the
SNPs, i.e. ABCC2 rs717620 and APOAS5 rs662799, sig-
nificantly improved statin-related lipid profile changes,
particularly HLD-c and TG, but not LDL-c levels. Statins,
but not any variants in genes studied, were significantly
beneficial in lowering LDL-c levels (P<0.001), implying
that the LDL-c lowering effects of statins were exclusively
pharmacological.

Only two of the seven SNPs investigated, i.e. ABCC2
rs717620 (C > T) and APOAS rs662799 (A > G), were asso-
ciated with different lipid profiles in HPL patients both
before and after statin treatment. Following longer statin
treatment (within 7 to 12 months duration), both SNPs
associated with improved TG profile; reduced TG levels
were found in minor allele carriers of the SNPs (Table 4).
Minor allele T carriers of ABCC2 rs717620 were shown
to have a lower TG/HDL index ratio (P=0.030) in



Shamsudin et al. Egyptian Journal of Medical Human Genetics

(2024) 25:53

Page 9 of 13

Table 5 Analysis of multiple independent variables and patients’ probabilities of achieving the goal LDL-c level (< 2.6 mmol/L) using

multivariate binary logistic regression

Dependent variable Independent variables P-value OR 95% ClI
Patient’s achievement of the LDL-target of 2.6 mmol/L ABCG2 rs2231142° 0.648 0.738 0.201-2.714
ABCC2 rs717620° 0.198 0417 0.110-1.579
APOE® 0.955 0.977 0.428-2.229
GATM rs9806699° 0.778 0.863 0.308-2.415
COQ2 rs4593075° 0.73 1.6 0.111-23.804
APOAS5 rs662799° 0351 1.505 0.637-3.554
Age 0452 1.023 0.964-1.087
Gender® 0.749 0.874 0.384-1.991
Statin types®
Simvastatin 0.182 - -
Atorvastatin 0.199 0.558 0.229-1.360
Pravastatin 0.04 0.11 0.013-0.902
Lovastatin 0437 0.357 0.027-4.775
Tcd 0.984 1.01 0.373-2.739
HDL-c® 0424 0449 0.063-3.188
LDL-c? 054 0.745 0.291-1.907
TG4 0.641 1151 0.638-2.076

The P=0.368 for Hosmer-Lemeshow test indicates that this model is fit

# Homozygous dominant as reference category vs. Heterozygous + Homozygous recessive

b Male as reference category

¢ Simvastatin as reference category

d Baseline lipid level at the initiation of statin treatment (baseline). P < 0.05 is considered as statistically significant (indicated by bold text)

Chilean population (n=127) treated with a low-dose
atorvastatin (10 mg/day) [23], indicating a greater effi-
cacy of atorvastatin-related TG-lowering effects with
the SNP. The ABCC2 gene, which encodes the multidrug
resistance-associated protein 2 (MRP2) membrane efflux
transporter, is necessary for cellular efflux of its sub-
strates, including statin, and controlling its hepatobiliary
excretion [24]. The ABCC2 rs717620 variants have been
associated with decreased MRP2 expression and func-
tion, resulting in higher bioavailability and thus improved
the efficacy of atorvastatin and other statins [24, 25]. In
this study, minor allele T carriers of the ABCC2 rs717620
SNP also had higher TC (P=0.040) and LDL-c (P=0.022)
levels at the baseline prior to statin treatment (Table 4),
suggesting an increased CVD risk among the SNP vari-
ants, and the risk was encountered with significant TC-
and LDL-lowering effect with statin treatment. Since our
analysis was not corrected by means of body mass index
(BMI), one of the most prominent confounding factors
in lipid levels [26], we were unable to determine whether
the minor allele T carriers had high BMI values, which
reflected their high TC and LDL-c levels. However, strati-
fication based on individual genotypes and patient gender
in the analysis would eliminate the confounding effects.
A large cross-sectional study from the USA (n=12,383)

and Spain (#=11,765) found that LDL-c levels increased
significantly (P<0.001) by 23.0 mg/dL and 24.1 mg/
dL, respectively, per kg/m? increase in BMI, though the
effect was only observed below the BMI inflection points
(27.1 kg/m? and 26.5 kg/m? respectively) [27]. Similarly,
an obese group (BMI>25 kg/m?) had higher (P<0.01)
LDL-c than the lean group (BMI<25 kg/m?) in a non-
diabetic Chinese population (n=1538) [28], further sug-
gesting the impact of BMI on LCL-c levels.

In terms of TG profiles, we found an association
between APOAS rs662799 (A >QG) and lower TG levels,
which were predominantly observed in male patients
carrying minor allele G (Fig. 1) suggesting a higher TG
metabolism among the minor allele carriers of the SNP.
The TG-lowering effects were most likely related to the
atorvastatin treatment, regardless of the specified dose
(data not shown). The APOA5 gene was identified as a
key regulator of plasma TG levels [11]. Despite the fact
that most evidence from both animal and human studies
indicated that APOAS rs662799 (found to result in a 50%
decrease in the APOAS5 gene expression) was associated
with higher plasma TG levels [29], minimal inter-ethnic
heterogeneity were discovered [30]. A study in Hong
Kong (n=1375) and Guangzhou (n=1996) populations
also found that GG genotypes had 36.1% (P=2.6x107"3)
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and 30.0% (P=1.3x1071?) higher plasma TG levels,
respectively, than homozygous dominant AA genotypes
[31], while another Chinese ethnic (Han) population
(n=200) found that GG genotypes were significantly
associated with reduced TG levels (P=0.047), compared
with other genotypes, in just three months of atorvas-
tatin (20 mg/day) treatment [32]. Similar findings sup-
porting the former observations were observed in other
populations including Pakistani (#=712) and North
Iranian (n=199) [33, 34]. Our study found no associa-
tion between APOAS5 rs662799 and the statin-related
LDL-lowering levels in patients. However, minor allele G
carriers of the SNP resulted in a significant LDL-c reduc-
tion (P<0.005) following three months of low dose statin,
regardless of the type of statin, in Caucasians (n=154)
[35]. Considering APOAS rs662799 had a strong associa-
tion with higher HDL-c levels (Table 4 and Fig. 1) at base-
line (P=0.007) and during statin treatment (P=0.031),
we assumed that this SNP may have a protective effects
against CVD risk, as previously demonstrated [36-38].
Our findings supported those of the Turkish Cypriot
population (2=100), which indicated that GG genotypes
had considerably higher HDL-c levels (P=0.014) than
other genotypes [39].

Gender and, to a lesser extent, ethnicity are the key
factors affecting inter-individual variability in lipid lev-
els such as TG and HDL-c [40]. Thus, it is critical to cor-
roborate our findings on the impact of gender on the
lipid profiles. It is worth noting that APOAS5 rs662799
and ABCC2 rs717620 had gender-specific effects on
lipid profiles, thus corresponded with our previous find-
ings with the CETP gene [19]. Before statin treatment,
males carrying the minor allele G for APOAS5 rs662799
had higher HDL-c levels (P=0.007) than the wild-type
AA genotypes, and HDL-c levels remained significantly
higher (P=0.031) during statin treatment. Also, during
statin treatment, TG levels were significantly lower in the
APOAS rs662799 variants but not in the wild-type AA
genotypes (Fig. 1a), suggesting that the SNP has a protec-
tive effect against CVD risk. The gender-specific effect on
TG levels in males in our study, to some extent, explained
previous findings in humans and mice [41]. In a large
longitudinal study (n=4329), AA genotypes of the SNP
had a higher incidence of dyslipidemia (OR 1.50, 95%CI,
P<0.001) than their AG and GG counterparts [42]. In
contrast, prior to statin treatment, the ABCC2 rs717620
variants may have a higher CVD risk, probably due to
increased TC and LDL-c levels. The lipid profiles during
statin treatment were determined by the pharmacologi-
cal effect of the drug since the significant statin-related
lipid-lowering effects were unaltered with different geno-
types (Table 4). Above all, the specific type of statin, i.e.
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pravastatin, determined the patient’s attainment of the
LDL-target of 2.6 mmol/L (Table 5), rather than the effect
of other variables such as SNPs or patient’s demographic
profiles.

In addition to female gender [43], there is consistent
evidence that advanced age and low body mass contrib-
ute to statin adverse effects [44, 45]. In this study, gender
and age factors did not independently predict patient’s
attainment of the LDL-target of 2.6 mmol/L (Table 5).
The mean age of patients in this cohort (53+7.16 years
old) was not different between males and females, as
reported previously [19]. In terms of statin efficacy, there
is conflicting evidence among older people (generally
defined as more than 65 years old); a meta-analysis of 28
randomized controlled trials found that statin therapy,
regardless of patient age, resulted in significant reduc-
tions in major vascular events [46], implying a minimal
effect of patient age on statin efficacy, but this was not
evident for statin-related adverse effects [44]. However,
the temporal relation between the study outcomes and
the above-mentioned patient factors may be easier to
be interpreted in a prospective design, rather than this
cross-sectional retrospective approach.

Our study has a few limitations. First, the current
study examined the effect of a single SNP on lipid-
lowering effects of statins without taking gene—gene
interaction into account. The possibility of gene—gene
interactions has been demonstrated in relation to sta-
tin efficacy and toxicity. Females with the APOE E4
variant allele, for example, reduced the effect of APOAS
1662799 on TG levels in Caucasian (n=2500), suggest-
ing a sex-specific interaction between the two genes
[47]. Similarly, the inclusion of an important genetic
predictor in determining statin efficacy, such as solute
carrier organic anion transporter family member 1B1
(SLCO1BI), the most relevant gene underlying statin-
related side effects from a genome-wide association
study [48], is necessary. In fact, the gene has been rep-
licated in many gene association studies. The SLCO1BI
polymorphism, along with the gender factor, was found
to be the only significant gene candidate predicting sta-
tin-related muscle toxicity [49]. Next, our findings were
most likely restricted to the effect of low and moder-
ate intensity statin doses (approximately 86% of the
included patients were on 10 to 20 mg/day) on the lipid
profile for all types of statins. Although we were unable
to directly determine which statin has the optimum
effect on lipid profile, our findings did, in part, explain
genetic involvement in lipid profiles changes before and
after statin treatment in general. In order to prescribe
personalized medicine among statin users, future stud-
ies should focus on individual statins because their
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effect on lipid profile varies, and the consideration of
pharmacogenetic-related gender involvement in patient
management is necessary. For example, rosuvastatin
resulted in significantly higher LDL-c reductions across
dose range compared to other statins [50]. Our study
also lacked sufficient study power to assess the impact
of each type of statin on the measured lipid profiles
because of the unequal number of patients among dif-
ferent statin users. Furthermore, the different proper-
ties of statins (hydrophilic versus lipophilic statins)
were more relevant in explaining statin-related adverse
effects [44]. In this study, we also included the two cases
of statin-related mild muscle pain since they did not
result in statin intolerance; the muscle symptom was
resolved with statin re-challenge. Finally, given that the
study subjects were Malay ethnicity with HPL, the find-
ings should be regarded with caution when replicated
in other ethnic groups in Malaysia or healthy cohorts.
In other multi-ethnic nationalities, such as Singapo-
reans (n=1589), certain genetic polymorphisms were
found to be associated with HDL-c levels in Chinese
males alone (P=0.004), but not in other ethnicities
[51], emphasizing the importance of careful interpreta-
tion when implementing statin pharmacogenetic data
across different ethnicities.

Future investigations should consider the effects
variables such as smoking, alcohol intake, and BMI,
which were relatively underrecognized contributors to
high blood cholesterols and affecting statin response
[52, 53]. The inclusion of epigenetic signatures, such
as the ABCGI gene, is particularly attractive owing to
its promising signal of statins’ diabetogenic effects in
a current epigenome-wide association study [54].
Furthermore, statins have been linked to epigenetic
changes, particularly at genes related to lipid metabo-
lism (i.e. ADAL gene, the most significantly differ-
entially methylated with respect to CHD status) in
subjects of European ancestry [55], and would be of
clinical interest if replicated in the Asian population.

Conclusion

This study found that certain lipid profiles in HPL
patients before and during statin treatment are influ-
enced, at least in part, by specific genetic polymor-
phisms (primarily ABCG2, APOA5 and ABCC2 genes)
and patient gender. However, we found no association
between statin-related LDL-c lowering effects and the
SNPs studied, suggesting a strong pharmacological effect
of statins. The findings warrant further investigation and
replication in other Asian cohorts of different ethnicities.
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