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Introduction

Statin, also known as 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) 
reductase inhibitor, is the first line of therapy 
against hyperlipidaemia (1). Statin inhibits 
the conversion of HMG-CoA into mevalonate, 
which is a rate-limiting step in the cholesterol 
biosynthesis and finally lowers the plasma 
cholesterol levels (1). Statin was evident to 
reduce low density lipoprotein cholesterol 

(LDL-c) levels, a well-established risk factor 
for cardiovascular disease, by 24%–60% 
(2). According to a meta-analysis from 14 
randomised trials, statin decreased the mortality 
rate of coronary heart disease (CHD) by 19% (3). 
It is worth to note that statin efficacy in lowering 
LDL-c can vary due to a variety of factors, 
including genetic polymorphisms (4).

The gene transcribing cholesteryl esters 
transfer protein (CETP), located at chromosome 
16 is regarded as one of the most important 
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Abstract
Background: Single nucleotide polymorphism (SNP) in the cholesteryl esters transfer 

protein (CETP) gene (rs708272) was reported to affect statin efficacy. This study investigated 
the association between CETP rs708272 and statin’s lipid-lowering effects in hyperlipidaemic 
participants at Hospital Universiti Sains Malaysia, Kelantan.

Methods: A total of 229 hyperlipidaemic statin users (96.1% Malays) were recruited, and 
a single blood sample (3 mL) was obtained for DNA extraction. The genotypes were determined 
using PCR-RFLP method and validated by sequencing analysis.

Results: The minor allele frequency for rs708272 in all participants was 0.391, with 
no difference between females and males. At the baseline, the SNP was associated with different 
low-density lipoprotein (LDL-c) and triglyceride (TG) levels in females, but not males, when the 
GG and GA+AA genotypes were compared using a dominant genetic model. Regardless of the 
genotype, the total cholesterol and LDL-c levels decreased significantly (P < 0.001) in both genders 
after statin treatment, but the TG levels decreased exclusively in females with the GG genotypes.  
In both genders, high density lipoprotein levels were unaffected before and after the statin 
treatment.

Conclusion: To improve the management of hyperlipidaemia, future research should 
consider patient gender when assessing the CETP rs708272 impact on LDL-c and TG.
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population recently confirmed that the allele G 
carriers of the SNP were associated with higher 
susceptibility to atherogenic dyslipidaemia due 
to decreased HDL-c level, but this effect was 
somewhat altered in patients receiving statin 
(16). Considering the demographic profile, such 
as gender in relation to lipid changes, there 
is a controversial debate about which gender 
group was most likely to be affected by the SNP.  
A case-control study with 556 coronary artery 
disease (CAD) patients and 414 controls in 
Chinese population found that the minor allele 
carriers in male had significantly higher HDL-c 
levels than the homozygous dominant of the 
SNP (P = 0.041), but no significant association 
between lipid levels and CETP rs708272 was 
found in females (17). An earlier study in 
Caucasian subjects (n = 526) found that the AA 
genotype of the CETP rs708272 in females was 
significantly associated with the highest level 
of HDL-c when compared to other genotypes 
(P < 0.001 for the trend) (18).

Because the CETP gene affects lipid 
parameters, the CETP rs708272 is likely to affect 
statin efficacy in lipid-lowering. To date, no 
studies have been conducted in Malaysia on the 
SNP among statin users. Therefore, we intend 
to look into the relationship between CETP 
rs708272 and statin efficacy, and their effects 
on lipid levels, as well as to provide preliminary 
data for statin pharmacogenetics in a subset of 
Malaysian population.

Methods

Participant Recruitment and Data 
Collection

This study was a retrospective 
cross-sectional study that included 229 
hyperlipidaemic statin users between the ages 
of 18 years old to 70 years old from February 
2018 to September 2020. All participants were 
outpatient statin users in Klinik Rawatan 
Keluarga (KRK), Hospital Universiti Sains 
Malaysia (HUSM), Kelantan. The inclusion 
criteria included being on statin therapy for 
at least 6 weeks (the majority of whom had 
been diagnosed with hyperlipidaemia and 
hypertension) and adhering to the recommended 
statin therapy as determined and monitored by a 
clinician. Hyperlipidaemia refers to an increase 
in concentration of one or more plasma or serum 
lipids i.e. LDL-c > 2.6 mmol/L, TG > 1.7 mmol/L 

genes related to statin efficacy. This gene plays a 
key role in maintaining cholesterol homeostasis 
by participating in reverse cholesterol transport 
(RCT) (5). It promotes the transfer of cholesteryl 
ester from high density lipoprotein cholesterol 
(HDL-c) to apolipoprotein B (apo-B)-containing 
particles in exchange for triglycerides (TG), 
thereby reducing the concentration of HDL-c 
and increasing non-HDL-c (6). CETP also 
transfers the HDL-cholesteryl ester to very low-
density lipoprotein (VLDL) and LDL-c, and 
this LDL-c will be then taken up mainly by the 
liver through LDL receptors; therefore, this 
pathway is termed indirect RCT (7). Therefore, 
CETP can have either a pro-atherogenic or anti-
atherogenic function in cholesterol metabolism 
depending on the LDL receptor integrity (7). 
If the LDL receptor is defective, the transfer 
of esterified cholesterol to apo-B containing 
particles may result in cholesterol build-up and 
atherosclerosis (7). CETP is anti-atherogenic 
when the LDL receptor is functioning well since 
it promotes cholesterol uptake into hepatocytes, 
thus preventing atherosclerosis (7). Because 
of its important functions in lipid metabolism, 
polymorphisms in CETP gene have been 
extensively studied for their associations with 
lipid profiles, especially HDL-c level across 
different populations (8–10).

The most commonly studied polymorphism 
in the CETP gene is Taq-1ß polymorphism 
(i.e. rs708272), which is a single nucleotide 
polymorphism (SNP) that results in a base 
substitution at nucleotide 277th position (G277A) 
in intron 1 (11). The common allele G of the CETP 
rs708272 is associated with low HDL-c levels 
and thus, higher index of atherogenicity (10). 
Minor allele A, on the other hand, is associated 
with decreased serum CETP concentrations, 
higher HDL-c levels and a lower risk of CHD 
(10, 12). This association, however, remains 
controversial since it varies across populations 
presumably owing to sample size variations and 
other contributing factors, such as body mass 
index (BMI), alcohol consumption and gender 
(13). Previous population-based studies have 
also found that the common allele G of the SNP 
was significantly linked to an increased risk of 
atherogenic dyslipidaemia (13–15). However, 
there was insufficient evidence linking the 
common allele G of the SNP to a higher index 
of atherogenicity, leading to a debate whether 
the lipid changes were caused by the statin or 
the SNP. Furthermore, the findings in a Thai 
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produce 174 bp and 361 bp fragments. Recessive 
allele produced a 535 bp of uncut fragment.  
To ensure the quality control of the PCR-RFLP 
genotyping results, 10% out of total samples 
were randomly chosen and sent to the Human 
Identification Unit DNA (HID) Universiti 
Sains Malaysia for sequencing analysis. The 
sequencing results (refer Appendix 1) were 
confirmed by BLAST in the NCBI database 
(GenBank accession number: AY422211).

Sample Size Calculation 

The calculation of the sample size was 
based on the proportion comparison from two 
independent groups (19). Since there was no 
priori information regarding the effects of the 
SNP on lipid profiles in Malaysian population, 
we considered LDL-c reduction in GG+GA 
genotypes and AA genotypes as 0.35 (proportion 
in control, P0) and 0.23 (proportion in case, P1), 
respectively (20). To achieve the significance 
level (α) of 0.05 and the statistical power (1-β) 
at 80%, we needed at least 224 participants in 
total, without considering the dropout rate. The 
calculation was performed with the aid of an 
online calculator 4.0. (https://wnarifin.github.
io/ssc_web.html).

Statistical Analysis

SPSS software version 26.0 (IBM, United 
States) was used to perform statistical analysis 
for all clinical variables (expressed as mean, SD 
and 95% CI). The normality of each continuous 
variable was tested by histogram and box plots 
and finally confirmed by Kolmogorov-Smirnov 
test. For categorical variables, Pearson’s chi-
squared test was used unless ≥ 20% of the cells 
had a count of less than 5, in which case, the 
Fischer’s exact test was used. Moreover, the chi-
squared goodness of fit was used to determine 
whether the observed genotypic frequency 
was likely to follow those predicted by Hardy-
Weinberg equilibrium (HWE) (P > 0.05). For 
continuous variables, t-test was used and in the 
case of non-parametric, Mann-Whitney test 
was used. If the normality assumption was met, 
the difference in mean scores for continuous 
variables was assessed using repeated measure 
ANOVA, and in the case of non-parametric, the 
Friedman test was used. Due to the multiple 
group comparisons, the Bonferroni correction 
was used to determine the statistically significant 
differences between the group means. The 
analysis for lipid parameters was further 
stratified based on the participant’s gender 

and HDL-c < 1.1 mmol/L. Hypertension was 
also diagnosed among the hyperlipidaemic 
participants if the systolic blood pressure was 
> 130 mmHg or the diastolic blood pressure was 
> 80 mmHg on each of two successive readings 
obtained by the clinician. Participants who were 
taking other lipid-lowering agents or medications 
that interacted with statin were excluded from 
the study. Participants were also confirmed to 
be free of diseases like chronic kidney disease, 
thyroid disorders, uncontrolled diabetes 
mellitus (HbA1c above 7.0 %) and familial 
hypercholesterolaemia.

The participants who came to the KRK 
for their routine lipid follow-up check-up were 
invited to take part in this study. Before the 
recruitment process, a written consent form 
has been obtained from all participants. The 
participant’s information was obtained from an 
online hospital database in the HUSM according 
to the date they initially started the statin 
treatment (baseline). Depending on their follow-
up dates, serial participants’ lipid profiles were 
recorded from the same clinical database.

Biochemical Parameter Analysis

For the lipid profile tests, approximately 
2  mL of venous blood was extracted from each 
participant after an overnight fast (9 h–12 h). 
The biochemical parameters, including total 
cholesterol (TC), TG, HDL-c and LDL-c were 
analysed by an enzymatic colorimetric method 
using Hitachi 912 autoanalyzer (RANDOX 
laboratories, United Kingdom) available in the 
department of Chemical Pathology of HUSM.

DNA Extraction

Following the participants’ recruitment, 
3 mL of venous blood was withdrawn from 
each participant and stored in K2 EDTA tubes 
for genotyping. DNA extraction was performed 
using GeneAll Blood ExGene SV Blood mini kit 
(GeneAll Biotechnology, Korea) and their DNA 
were kept in the final dilution buffer at −20 °C 
until further use. The quality and quantity of the 
extracted DNA were determined using Infinite 
M200 microplate reader (Tecan).

Genotyping Using PCR-RFLP

The CETP rs708272 was genotyped 
using polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) 
method according to Ordovas et al. (13). Taq-
1α, the restriction enzyme used, recognised the 
dominant allele G and cut the PCR product to 
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and CETP rs708272 genotypes to assess the 
association between gender, the SNP and lipid 
profiles. A dominant model (i.e. comparison 
between GG and GA + AA genotypes) was 
applied due to the homozygous mutants being 
rare. A P-value of ≤ 0.05 was considered 
statistically significant.

Results

Characteristics of the Study Participants

The information about participant’s 
demographic profiles, their diagnosis, the 
concurrent medications and the lipid profiles 
is shown in Table 1. Referring to the baseline 
lipid profiles, all the TC and LDL-c levels 
exceeded the normal ranges, the TG levels were 
borderline optimal, and the HDL-c levels were 
below the normal range. Despite being below 
the targeted normal range (> 1.5 mmol/L), the 
female participants had significantly (P < 0.001) 
higher HDL-c level at the baseline, but not other 
types of lipids, as compared to the male group 
(Table 1).

Genotype Frequencies

Figure 1 indicates the presentation of bands 
using the restriction enzyme digestion for the 
CETP rs708272. The bands of the SNP matched 
to that produced by Ordovas et al. (13), with 
resulting fragments being 174 bp and 361 bp for 
the G allele and 535 bp for the uncut A allele. 
Table 2 summarises the genotypic frequencies 

and minor allele frequency (MAF) obtained 
from the current study and in comparison with 
the established healthy cohort data from the 
Ensemble (http://asia.ensembl.org/). Since 
no MAF data of the SNP among Southeast 
Asians were available in the database, we 
obtained the data from gene candidate studies 
available from the local studies to present the 
current status of the SNP allele frequencies. 
In this study, heterozygous genotypes (GA) 
were the most abundant (44.1%), followed by 
homozygous dominant (GG) and recessive 
genotypes (AA) with 38.9 % and 17.0 %, 
respectively. The genotypic frequency for the 
SNP in this study was in HWE (P = 0.736). There 
was no significant difference in the genotypic 
frequencies between Malaysian and East Asians, 
Vietnamese and Europeans. The genotypic 
frequencies of Malaysian population differed 
significantly from those in other populations, 
such as Thai (P < 0.001), Singaporean 
(P = 0.006) and African (P < 0.001) populations 
(Table 2).

Table 3 shows the statistical analysis 
between genotypes in CETP rs708272 and lipid 
levels using a dominant model. Comparing 
GG and GA+AA genotypes in all participants 
for their LDL-c level at the baseline, we 
found significant difference in the mean 
LDL-c level (P = 0.032) and a borderline 
significant difference for the mean TG level (P 
= 0.052). The participant stratification based 
on gender was carried out. The minor allele 
A carriers in females, but not in males, had 
significantly higher LDL-c (P = 0.007) and 
lower TG (P = 0.044) level at the baseline. The 
baseline levels of TC and HDL-c appeared to be 
unaffected by the SNP in the overall and gender-
based analysis. After the statin treatment, all 
participants had significant (P < 0.001) decrease 
in TC and LDL-c levels. However, the HDL-c 
level was unaffected by the statin treatment. 
Significant (P < 0.001) TG decrease was 
observed in GG genotypes only within the overall 
participants and female group.

Discussion

While statins are beneficial for lowering the 
LDL-c levels in the majority of hyperlipidaemic 
patients, some individuals do not effectively 
respond to statin treatment (4). The elevated 
blood LDL-c levels, in particular, have been 
identified as risk factors for cardiovascular 
diseases (CVD) (26). According to National 

Figure 1. Restriction digestion of CETP rs708272 
amplified products with restriction enzyme 
Taq-1α and visualised on 2% agarose gel; 
L = 100 bp molecular weight marker, Lane 
1 = homozygous dominant (GG), Lane 2 = 
heterozygous (GA), Lane 3 = homozygous 
recessive (AA); -ve (uncut) = negative 
control (uncut PCR product)
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levels (10, 13, 28, 29). To our knowledge, this 
is the first study to investigate the prevalence 
of CETP rs708272 polymorphism in a subset of 
hyperlipidaemic statin users in Malaysia, and to 
assess its impact on their lipid profiles.

MAF, a measure of the relative frequency 
of minor alleles of a SNP, is widely used in gene 
association studies because it allows researchers 
to distinguish common and rare variants in a 
population. We found consistent result for the 
MAF value of CETP rs708272 obtained in the 
present study (MAF = 0.391) among Malays, the 
majority ethnic group among the participants, 
and other populations (10, 13, 17, 21, 27). The 
MAF obtained in this study matched (P > 0.05) 
those found in the healthy subjects among 
East Asians, Europeans and Americans, but 
not Africans, suggesting that the MAF in the 
hyperlipidaemic participants did not deviate 
from the majority of general healthy subjects in 
both Asians and non-Asians. In contrast, in the 
independent gene candidate studies, the MAF 
significantly differed (P < 0.001 and P = 0.006, 
respectively) than that of neighbouring countries 

Education Cholesterol Programme Adult 
Treatment Panel III, the LDL-c level is the 
major treatment target to reduce CVD events or 
death (2). In fact, based on the achievement of 
LDL-c therapeutic target (i.e. reduction below 
than 100 mg/dL), a 10-year risk of a major 
coronary event in the patients can be predicted 
(2). Depending on the statin types, the presence 
of gene variants has been shown to affect the 
degree of achieving the therapeutic lipid target 
(27). Statin pharmacological treatment is often 
recommended if one is unable to achieve LDL-c 
target level via non-pharmacological therapy  
(2, 26, 27).

Numerous previous studies linked the 
CETP polymorphism to an increased risk of 
atherogenic dyslipidaemia, and thus, CVD. 
However, this relationship lacks consistency 
due to sex specificity (15, 17). CETP modifies 
the lipid levels by mediating the inverse 
transfer of cholesteryl esters from HDL-c to 
atherogenic lipoproteins, resulting in a decrease 
in HDL-c levels (7). A SNP polymorphism in 
the CETP, such as rs708272, has been linked to 
an increased risk of CVD and changes in lipid 

Table 2. MAF values and the analysis for the genotype frequencies of the CETP rs708272 in the present study 
and other populations

Participants
Genotypic frequency, n (%)

MAF value P-value
GG GA AA

Present study (all participants) 89 (38.9) 101 (44.1) 39 (17.0) 0.391 0.736a

Southeast Asians
Thailand (16)
Thailand (20)
Singapore (21)

101 (48.8)
9 (4.0)

473 (29.8) 

97 (46.9)
188 (83.6)
813 (51.3)

9 (4.3)
28 (12.4)

300 (18.9)

0.278
0.542
0.445

0.037 b

< 0.001b

0.006b

East Asian
China
China (17)
China (22)
China (23)
China (24)
Japan
Japan (25)

200 (36.9)
46 (49.5)

343 (35.4)
163 (28.5)
70 (35.0)

326 (43.0)
42 (40.4)

1168 (35.7)

230 (45.6)
34 (36.6)

442 (45.6)
282 (49.4)
94 (47.0)

336 (44.3)
50 (48.1)

1566 (47.9)

74 (14.7)
13 (14.0)

185 (19.0)
126 (22.1)
36 (18.0)
96 (12.7)
12 (11.5)

534 (16.4)

0.375
0.323
0.419
0.467
0.415
0.348
0.356
0.403

0.834b

0.081b

0.321b

0.005b

0.408b

0.266b

0.792b

0.341b

Other continents
American
European
African

107 (30.8)
159 (31.6)
374 (56.6)

159 (45.8)
260 (51.7)
248 (37.5)

81 (23.4)
84 (16.7)
39 (5.9)

0.463
0.425
0.247

0.047b

0.173b

<0.001b

Notes: a Chi-square goodness of fit test was performed to confirm the validity of the observed genotypic frequencies in the present 
study to the expected frequencies under Hardy-Weinberg equilibrium; b Pearson chi-square test was used to compare frequencies 
of GG and GA+AA genotypes between the present study and the indicated population. Data for the MAF was obtained from the 
1000 Genomes Project Phase 3 in the Ensembl genome browser (https://asia.ensembl.org/index.html), except for the indicated 
populations with references; *P ≤ 0.05 is considered as statistically significant; MAF = minor allele frequency

https://asia.ensembl.org/index.html
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population (n = 4,465) demonstrated that female 
had higher HDL-c level than male (43.8 mg/dL 
versus 46.3 mg/dL; P < 0.001) after adjusting 
for age factor (35). Consistently, a study 
conducted across six countries, namely Canada, 
China, Israel, Poland, Russia and United States 
(n = 19,321), found that the mean HDL-c level in 
females was also higher (P < 0.001) (34). Higher 
oestrogen levels in females has been proposed 
as a possible explanation for the findings (35) 
because the hormone modulates macrophage 
lipoprotein metabolism, resulting in reduced 
lipid build-up (36, 37). Aside from hormonal 
factor (35), the wide range of the HDL-c level 
disparities between genders could be attributed 
to ethnicity (34).

We believe that the CETP rs708272 did not 
substantially influence the already established 
pharmacological effects of statins in terms 
of LDL-c-lowering effects. Instead, the SNP 
increased the risk of CVD among minor allele 
A carriers prior to statin treatment due to the 
significantly higher LDL levels (P = 0.007) 
(Table 3). In Turkish CHD patients (n = 145), the 
combination of the SNP with statin medication 
improved anti-atherogenic LDL-1 and large-
LDL subfractions (29). Consistently, in the Thai 
population (n = 225), the AA genotype of the 
SNP was associated with a poorer response in 
LDL-c reduction after 3 months of simvastatin 
treatment when compared to GG+GA genotypes 
(-22.54% versus -35.19%; P = 0.028), 
suggesting that the minor allele A had a higher 
atherogenic effect (20). Our findings, however, 
contradicted previously shown hypothesis that 
the minor allele A exerted an anti-atherogenic 
effect by reducing CETP activity and lowering 
LDL-c levels (10, 37) because the minor allele 
A carriers had significantly higher LDL-c levels 
(P = 0.007) prior to the statin treatment. The 
anti-atherogenic effect of minor allele A, which 
resulted in a poorer LDL lowering effects, 
was attributed to large LDL sub-fractions as 
previously suggested (38). In fact, Ordovas et al. 
(13) found that the AA genotype was associated 
with the highest LDL size (P < 0.001), further 
suggesting that the anti-atherogenic effect was 
associated with the minor allele A. However, the 
effect of CETP rs708272 on the LDL-c level was 
different depending on the patient’s condition 
since minor allele A carriers caused elevation 
in large LDL sub-fractions in CHD patients 
only, but not in healthy control group (29). 
Furthermore, the role of CETP in atherogenicity 
may be dependent on LDL receptor integrity (7), 

such as Singapore (MAF = 0.445; 21) and 
Thailand (MAF = 0.542; 20). The variation in 
the minor allele distribution may be explained by 
the different sample sizes, therefore resulting in 
discrepancies in the MAF values.

The presence of minor allele A of the 
SNP has been associated with decreased CETP 
concentration, increased HDL-c levels and 
lower risk of CHD (10, 12) as a result of possible 
population-dependent variation (13). However, 
we were unable to demonstrate a difference 
in HDL-c levels between females and males 
presumably because the study effect size was 
too small to detect the association. The SNP 
had been reported to confer protective effects, 
for example the minor allele A carriers of the 
SNP had a higher HDL-c and lower LDL-c 
level (7, 27, 29). Therefore, the minor allele A 
carriers are associated with reduced risk of CVD 
(P < 0.001) due to the higher HDL-c level (30, 
31). Without taking the SNP factor into account, 
our findings (Table 1) showed that females had 
a lower risk of atherogenic dyslipidaemia due 
to higher HDL-c levels (P < 0.001) than males 
prior to statin treatment. Once statin treatment 
began (Table 3), and taking the CETP rs708272 
into account, a similar degree of statin-related 
TC and LDL-c lowering effect (P < 0.001) 
was observed in both genders, indicating that 
there was no gender-specific effect on the lipid 
profiles. Further gender stratification indicated 
that the CETP rs708272 only resulted in 
significant TG decrease in females with the GG 
genotype (P < 0.001 after 0 month–6 months 
and P = 0.021 after 7 months–12 months), 
implying that TG levels disproportionately 
affected females. In contrast, a case-control 
study (n = 640) among Pakistani participants 
found that the combined effects of four risk 
SNPs, including rs708272, significantly increased 
TG level (r = 0.127, P = 0.001) despite the fact 
that there was no direct association between 
the combined risk alleles and CAD (32). Other 
factors, such as smoking and ethnicity, could 
explain the contradictory findings in the 
association of CETP rs708272 with the TG levels 
(21, 33).

In terms of drug effect on lipid parameters, 
it has been established that the effects of lipid-
lowering drugs, including statins, may be 
influenced by not only genetics, but also other 
factors, such as gender (21, 34, 35). Therefore, we 
stratified our analysis based on the participant’s 
gender. Without taking genetic factors into 
account, a study conducted among Korean 
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Conclusion

We conclude that CETP rs708272 is 
associated with different LDL-c and TG, but 
not HDL-c levels in females and males prior to 
statin treatment. After statin administration, 
only the GG genotype in females was associated 
with lower TG levels whereas the CETP rs708272 
had no lowering effect on LDL-c and TC in either 
gender.
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possibly explaining the increased LDL-c baseline 
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more common in females who carried the minor 
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indicate such association in this study. Other 
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intake (39–40), have to be taken into account. 
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factors, regression adjustment analyses should 
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potential confounders incorporated into the 
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chosen at random throughout the enrolment 
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minimised in this study. The participants in 
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Therefore, the findings must be interpreted 
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Appendix 1

Chromatogram indicates the DNA sequence of homozygous dominant GG, heterozygous GA and homozygous 
recessive AA genotypes of the CETP rs708272


