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Introduction 
Dyslipidemia is one of the classical major risk factors for the 

development of Cardiovascular Disease (CVD) [1], which is the leading 
cause of death in industrialized countries. Statins are the first-line drugs 
for dyslipidemia treatment and consequently they play a crucial role in 
the prevention and treatment of CVD. They are competitive inhibitors 
of HMG CoA reductase, which is an enzyme with a significant role in 
the cholesterol synthesis.

The decrease in Cardiovascular (CV) events in dyslipidemic patients 
reflects mainly the decrease in LDL-C, which is achieved with statins 
[2]. This association applies to individuals (women as well as men) 
without CVD as well as to patients with established disease. Indeed, 
the results of epidemiological studies as well as trials with angiographic 
or clinical endpoints confirm that the reduction of LDL-C must be of 
prime concern in the prevention of CVD [3].

Statin therapy is generally associated with a LDL-C lowering up to 
55% [4] and a reduction of Cardiovascular (CV) events by 20–30% [5].

Statins are generally well tolerated medications. Their main side 
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Abstract

Background: Cholesterol Ester Transfer Protein (CETP) is a plasma protein that facilitates the transport 
of cholesteryl esters and triglycerides between the lipoproteins. It is composed mainly at the liver and it collects 
triglycerides from chylomicrons and VLDL and exchanges them for cholesteryl esters from HDL. By this mean, very 
dense LDL molecules are being formed. The latter are very atherogenetic factors.

The gene encoding CETP is located on the long (q) arm of chromosome 16 at position 21. It has been found that 
at least two polymorphisms in this gene, TaqIB (with B1B1, B1B2 and B2B2 genotypes) and I405V (with II, IV and 
VV genotypes), have been associated with different response to statin treatment.

 Aim: The aim of this study was to investigate a probable correlation of the aforementioned CETP gene 
polymorphisms with better or worse response to two specific statins: simvastatin and atorvastatin.

Methods: The DNA of 78 subjects, 53 men (67.9%) and 25 women (32.1%) of mean age 57 ± 20 years with 
dyslipidemia, was analyzed for the different genotypes of the CETP gene polymorphisms TaqIB and I405V. To 
all these patients’ simvastatin and atorvastatin were administered as lipid lower agents and they had a lipid profil 
test four times during the study period. Namely, before the beginning of the therapy, two months after taking the 
first statin (either simvastatin or atorvastatin), two months after they quitted therapy and last time two months after 
restarting the lipid lower therapy with the other statin.

Results: Both statins administered to patients succeeded to reduce significantly total cholesterol, triglycerides 
and LDL-C levels and simultaneously to augment significantly HDL-C levels. These changes have been observed in 
all patients independently of their genotype of the two studied CETP gene polymorphisms.

No significant differences were demonstrated in total cholesterol, triglycerides, and HDL-C and LDL-C levels 
before and after simvastatin and atorvastatin therapy across Taq1B and I405V genotypes. Moreover, the effect of 
age and gender on lipid levels, independently of which statin was used or the genotype was not significant.

Conclusion: The initial hypothesis of our study, that there is a probable correlation between different genotypes 
of TaqIB and I405V CETP gene polymorphisms and response to treatment with simvastatin and atorvastatin was 
not confirmed.

effects are related to the muscular system (including reversible myositis 
and rhabdomyolysis) and the liver (hepatotoxicity).

Despite the effectiveness of statins, clinical response to them differs 
significantly among individuals. For example, there is considerable 
variation in the reduction of plasma LDL-C concentration (-25% 
to -60%) in response to statin treatment. This is commonly due to 
extraneous influences. Poor compliance as manifested by erratic 
consumption or discontinuation of the drug is probably the most 
significant factor [6]. In addition, nutritional behavior and co-
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administration with other drugs that intervene in their metabolism by 
inhibiting or inducing P450 cytochrome, play a determinant role.

For example, when statins are given together with medications, 
which induce cytochrome P450, they are highly metabolized and their 
ability to lower LDL-C is reduced. The opposite effect is observed with 
their co-administration of with inhibitors of cytochrome P450. In this 
case, the levels of statins and their effectiveness augment but the same 
does the probability of their side effects [7].

Also, important for the efficacy of statins is the time of their 
administration. With the exception of rosuvastatin and atorvastatin, all the 
other statins are more effective when they are being taken in the evening, 
reflecting the diurnal rhythm of HMG-CoA reductase activity [8].

Nevertheless, even if the influence of external factors is minimized, 
significant inter-individual variations in response to statins are being 
observed. These variations are due to intrinsic or genetically determined 
factors [9] as many pharmacogenetic studies have shown [10,11].

More than 40 genes have been studied for the possibility some 
mutations to be responsible for the reduced response of their carriers 
to statin treatment. For this reason, polymorphisms of genes, which 
participate in the synthesis, in the absorption and in the transfer of 
cholesterol have been studied [12].

The gene that encodes CETP and mostly its TaqIB polymorphism 
has been studied in many pharmacogenetic studies. At the beginning, 
the B2B2 genotype was correlated with lower CETP plasma levels 
[13], higher HDL-C levels and lower risk for Coronary Artery Disease 
(CAD) compared to B1B1 genotype [14-16]. However, individuals 
with B1B1 genotype under statin treatment showed a slower progress 
of CAD in comparison with B2B2 genotype carriers [17].

Boekholdt et al. [18] in their meta-analysis, confirmed the 
correlation between TaqIB polymorphism and HDL-C and the risk for 
CAD, but they did not show any significant interaction between this 
polymorphism and pravastatin treatment.

Moreover, the results of REGRESS (Regression Growth Evaluation 
Statin Study), which is the first study where a possible pharmacogenetic 
interaction between CETP polymorphisms and statin treatment is 
mentioned [19], showed significantly higher 10-year mortality in male 
patients under statins, who were carriers of B2 allele compared to those 
with B1B1 genotype [20].

It is then obvious, that we have a “paradox” with B2 allele. Despite 
finding that individuals with B2B2 genotype, who do not receiving 
statins, have lower risk for developing CAD, statin treatment is more 
useful in patients with B1B1 genotype, refuting the initial advantage of 
B2 allele in relation to CAD [11]. 

In summary, pharmacogenetic studies investigate genetically 
inherited polymorphisms, which could influence the response to 
medical treatment. A combined analysis of many of these studies is 
more possible to provide significant findings for clinical practice. This 
can allow clinicians in the future choosing, for every patient the most 
appropriate medication according to his genetic substrate.

Methods
Study population

DNA of 78 individuals, 53 men (67.9%) and 25 women (32.1%) of 
Greek origin and with no family ties with one another, was analyzed for 
the presence of common variants of TaqIB and I405V polymorphisms 

of CETP gene. The study group consisted of patients of mean age 57 ± 
20 years with dyslipidemia, with no history of known coronary artery 
disease, diabetes mellitus or thyroid function disorders.

To each of these patients’ two different statins: simvastatin and 
atorvastatin were given They were given with at least two months free 
of medication interval between them. The dosage of statins was defined 
accordingly to guidelines of the National Cholesterol Education 
Programme Adult Treatment Panel III. The two-month interval 
between the two treatments ensured that lipids levels returned every 
time to their values without hypolipidemic drugs. Moreover, in order 
to avoid any interaction, patients during the study received no other 
hypolipidemic drug of other categories.

Lipids levels of every patient were measured four times during 
the study period: before the beginning of the treatment, at least two 
months after taking the first statin, two months after quitting statin and 
finally two months after taking the second statin.

Informed consent was obtained from all subjects and the protocol 
was approved by the Onassis Cardiac Surgery Center Ethics Committee.

DNA analysis

The CETP gene is found in humans at the chromosome 16q21. Its 
TaqIB (genotypes B1B1, B1B2, B2B2) in intron 1, and I405V (genotypes 
II, IV, VV) in exon 14, polymorphisms were detected using Polymerase 
Chain Reaction (PCR) and Restricted Fragment Length Polymorphism 
Analysis (RFLP) [21]. The PCR was performed using Taq polymerase. 

For the TaqIB polymorphism the oligonucleotide primers which were 
used were: sense primer 5’-CACTAGCCCAGAGAGGGAGTGCC-3’ 
and antisense primer 5’-CTGAGCCCAGCCGCACACTAAC-3’giving 
a fragment of 535 bp [22]. PCR conditions were initial denaturation 
at 95°C for 5 min, 30 cycles of 95oC for 30 s, 65°C for 30 s and 72°C 
for 30 s and a final extension at 72°C for 7 min. The PCR fragment 
was subsequently cleaved by TaqIB polymerase (New England Biolabs, 
Frankfurt, Germany) at 37°C, creating two fragments of 174 bp and of 
361 bp.

For the I405V polymorphism the oligonucleotide primers which 
were used were: sense primer 5’-TATTTTTTTCACGGATGGGCA-3’ 
and antisense primer 5’-TTGACTGCAGGAAGCTCTGGC-3’giving a 
fragment of 142 bp [23]. PCR conditions were initial denaturation at 
95°C for 5 min, 60°C for 1 min, 1 cycle of 72°C for 1 min, 35 cycles of 
95°C for 30 s, 60°C for 30 s and 72°C for 30 s and a final extension at 
72°C for 5 min. The PCR fragment was subsequently cleaved by Mspl 
enzyme (New England Biolabs, Frankfurt, Germany) at 37°C, creating 
two fragments of 121 bp and of 21 bp.

All the fragments were separated on 4% agarose gel and visualized 
with ethidium bromide.

Statistical analysis

All data except for baseline triglycerides, followed normal 
distribution (Kolmogorov-Smirnov test). Non-normally distributed 
continuous variables are shown as median (IQR), while normally 
distributed ones are presented as mean ± SD. All categorical variables 
are presented as relative (percentage) frequencies. 

The Kruskal-Wallis H statistic or One Way Anova, where 
appropriate, were used to compare the continuous variables among the 
3 genotype groups, while the Mann-Whitney U test or the Student’s 
T-Test, where appropriate, was used to compare the continuous 
variables between the 2 groups of carriers. 
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The effect of different demographic factors (gender, age, and 
medical history) as well as different genotypes on the alterations of total 
cholesterol, triglyceride, and HDL and LDL levels after treatment with 
simvastatin/atorvastatin was examined. New variables representing the 
% differences in total cholesterol, TGs, HDL-C and LDL-C before and 
after simvastatin/atorvastatin treatment were constructed. They were 
described as % difference and they were computed as following: % 
difference=[(variable after-variable before)/variable before] × 100. 

Mixed linear models were used to examine whether the effect of 
treatment with simvastatin and atorvastatin was different according the 
different genotypes. 

All tests were 2-sided at a significance level of p <0.05. Data were 
analyzed using SPSS™ (Version 20.0, Chicago IL, USA).

Results
Total cholesterol, TG and LDL-C were significantly decreased 

(by 29.9%, 24.9%, and 35.7%, respectively) after simvastatin therapy 
(p<0.001 in each case). HDL-C levels increased after simvastatin 
therapy (8.7%) (p<0.001) (Figures 1-8; Tables 1-13).

Total cholesterol, TG and LDL-C were significantly decreased 
(by 31.1%, 25.4%, and 39.2%, respectively) after atorvastatin therapy 
(p<0.001 in each case). HDL-C levels increased after atorvastatin 
therapy (8.5%) (p<0.001).

No significant differences were demonstrated in total cholesterol, 
triglycerides, HDL-C and LDL-C levels before and after simvastatin 
and atorvastatin therapy across Taq1B and I405V genotypes. 

No significant differences were demonstrated in total cholesterol, 
triglycerides, HDL-C and LDL-C levels before and after simvastatin 
and atorvastatin therapy independently of the presence of B1, B2, I, 
V alleles.

Total cholesterol levels, TG, HDL-C and LDL-C were significantly 
decreased after simvastatin or atorvastatin therapy as described above. 
The % difference in lipid levels was not affected by the genotype, the 
statin therapy as well as whether simvastatin or atorvastatin was the first 
therapy. The effect of age or gender on lipid levels was not significant. 

Discussion
Interventional studies with statins in the general population 

have shown that for every 1% reduction in LDL-C levels, there is a 
respective 1% decrease in the Cardiovascular (CV) events [24]. It is 
then absolutely clear how important is the effort for the best response 

Figure 1: Total cholesterol after treatment with simvastatin and atorvastatin on 
TaqIB (B1B1, B1B2, and B2B2).

Figure 2: Treatment of cholesterol with simvastatin and atorvastatin with 
1405V (II, IV, VV).

Figure 3: Treatment of triglycerides with simvastatin and atorvastatin on TaqIB 
(B1B1, B1B2, and B2B2).

Figure 4: Treatment of triglycerides with simvastatin and atorvastatin with 
1405V on B1 and B@.
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Figure 5: HDL treatment with simvastatin and atorvastatin on TaqIB (B1B1, 
B1B2, and B2B2).

Figure 6: Treatment of HDL with simvastatin and atorvastatin with 1405V (II, 
IV, VV).

Figure 7: Treatment of LDL with simvastatin and atorvastatin on TaqIB (B1B1, 
B1B2, and B2B2).

Figure 8: Treatment of LDL with simvastatin and atorvastatin on 1405V (II, 
IV, VV).

Variable Mean ± SD/Median (range)
Age (years) 57 ± 20

N (%)
Gender

Male 53(67.9)
Female 25(32.1)

History of Coronary Heart Disease
Yes 0
No 78

Table 1: Demographic data (all cases).

Variable
Pro Simvastatin therapy

Mean ± SD/Median 
(range)

Pro Atorvastatin therapy
Mean ± SD/Median 

(range)
Total Cholesterol (mg/dl) 258.4 ± 31.4 256.6 ± 28.7

Triglycerides (mg/dl) 143 (425.0-59.0) 142.5 (390.0-60.0)
HDL (mg/dl) 42 (153.0-27.0) 42.0 (95.0-26.0)
LDL (mg/dl) 179.4 ± 32.5 178.0 ± 23.3

Table 2: Baseline lipid data pre simvastatin/atorvastatin therapy (all cases).

Variable
Pro Simvastatin therapy

Mean ± SD/Median 
(range)

Pro Atorvastatin therapy
Mean ± SD/Median (range)

Total Cholesterol (mg/dl) 181.4 ± 27.5 176.4 ± 24.6
Triglycerides (mg/dl) 106.0 (246.0-40.0) 101.5 (255.0-51.0)

HDL(mg/dl) 46.0 (95.0-30.0) 46 (83.0-29.0)
LDL (mg/dl) 112.4 ± 29.0 105.5 (169.0-45.0)

Table 3: Lipid data pre simvastatin/atorvastatin therapy. 

TaqIB N (%) I405V N (%)
B1B1 24(30.8) II 28(35.9)
B1B2 40(51.3) IV 42(53.8)
B2B2 14(17.9) VV 8(10.3)

Table 4: Genotype frequencies in the whole cohort.

TaqIB (%) I405V (%)
B1 56.4 I 62.8
B2 43.6 V 37.2

Table 5: Allele frequencies in the whole cohort.
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TC (mg/dl)
(Mean ± SD)

TG (mg/dl)
Median (Range)

HDL-C (mg/dl)
Median (Range) LDL-C (mg/dl) (Mean ± SD)

Taq1B

B1B1 253.8 ± 40.2 126.0 (425.0-69.0) 41.5 (68.2-27.0) 180.3 ± 31.0
B1B2 258.6 ± 26.3 159.0 (390.0-59.0) 41.5 (153.0-28.0) 176.9 ± 34.0
B2B2 265.6 ± 28.7 166.0 (202.0-67.0) 42.5 (60.0-35.0) 184.4 ± 32.5

P value 0.542 0.66 0.997 0.754

I405V

II 256.2 ± 38.4 138.0 (425.0-69.0) 41.0 (68.2-32.0) 181.7 ± 31.0
IV 259.6 ± 27.0 158.0 (390.0-59.0) 43.5 (153.0-28.0) 177.1 ± 35.1
VV 259.3 ± 29.4 127.5 (306.0-110.0) 38.0 (78.0-27.0) 182.5 ± 26.0

P value 0.905 0.268 0.773 0.811

Table 6: Pre simvastatin therapy lipid profile of the study cohort based on TaqIB and I405V genotypes (all cases).

TC (mg/dl)
(Mean ± SD)

TG (mg/dl)
(Mean ± SD) HDL-C (mg/dl) (Mean ± SD) LDL-C (mg/dl) (Mean ± SD)

Taq1B

B1B1 174.4 ± 30.3 98.0 (240.0-40.0) 46.0 (90.0-30.0) 105.7 ± 28.2
B1B2 184.2 ± 26.9 109.0 (246.0-55.0) 46.0 (95.0-30.0) 113.3 ± 26.1
B2B2 185.2 ± 23.6 117.5 (221.0-67.0) 45.0 (57.0-35.0) 121.2 ± 36.9

P value 0.333 0.079 0.951 0.274

I405V

II 177.4 ± 27.2 106.0 (220.0-40.0) 45.0 (70.0-38.0) 110.4 ± 26.8
IV 183.5 ± 27.2 106.0 (246.0-57.0) 46.5 (95.0-30.0) 113.5 ± 31.3
VV 184.1 ± 32.0 102.0 (140.0-70.0) 44.0 (85.0-30.0) 113.5 ± 26.7

P value 0.644 0.252 0.980 0.908

Table 7:  Lipid Profile of the Study Cohort post simvastatin therapy Based on TaqIB, I405V and ABCA1 Genotypes

TC (mg/dl)
(Mean ± SD)

TG (mg/dl)
Median(Range)

HDL-C (mg/dl) 
Median(Range) LDL-C (mg/dl) (Mean ± SD)

Taq1B
B1B1 250.0 ± 32.1 131.0 (310.0-60.0) 44.0 (67.0-26.0) 176.8 ± 23.4
B1B2 259.9 ± 26.7 152.0 (390.0-68.0) 41.0 (95.0-29.0) 177.1 ± 23.5
B2B2 258.4 ± 28.1 141.0 (187.0-90.0) 42.0 (68.0-37.0) 182.8 ± 23.6

P value 0.396 0.157 0.737 0.706

I405V

II 250.9 ± 31.1 137.5 (310.0-60.0) 42.0 (67.0-31.0) 176.8 ± 24.6
IV 259.2 ± 25.9 155.0 (390.0-68.0) 43.0 (95.0-29.0) 178.9 ± 23.9
VV 262.6 ± 34.4 130.0 (250.0-90.0) 37.5 (80.0-26.0) 177.3 ± 16.0

P value 0.414 0.267 0.721 0.927

Table 8: Pre atorvastatin therapy lipid profile of the study cohort based on TaqIB and I405V genotypes (all cases).

TC (mg/dl)
 (Mean ± SD)

TG (mg/dl)
 (Mean ± SD) HDL-C (mg/dl)  (Mean ± SD) LDL-C (mg/dl)  (Mean ± SD)

Taq1B

B1B1 168.8 ± 27.5 97.5 (108.0-51.0) 46.0 (68.0-32.0) 102.6 ± 25.7
B1B2 181.3 ± 23.7 105.5 (255.0-56.0) 45.0 (83.0-29.0) 112.2 ± 21.7
B2B2 175.4 ± 19.5 104.5 (165.0-68.0) 46.5 (64.0-42.0) 104.9 ± 19.9

P value 0.146 0.329 0.814 0.234

I405V

II 172.6 ± 25.7 100.0 (172.0-52.0) 47.0 (68.0-36.0) 104.8 ± 25.7
IV 177.9 ± 24.1 107.5 (255.0-51.0) 45.0 (76.0-29.0) 108.9 ± 22.0
VV 181.5 ± 24.7 100.0 (132.0-82.0) 41.5 (83.0-32.0) 113.9 ± 17.2

P value 0.569 0.321 0.512 0.566

Table 9: Lipid profile of the study cohort post atorvastatin therapy based on TaqIB, I405V and ABCA1 genotypes.

TC (mg/dl)
 (Mean ± SD)

TG (mg/dl)
Median (Range) HDL-C (mg/dl) Median (Range) LDL-C (mg/dl)  (Mean ± SD)

Taq1B
B1 256.8 ± 32.0 141.5 (425.0-59.0) 41.5 (153.0-27.0) 178.2 ± 32.7
B2 260.4 ± 26.8 159.0 (390.0-59.0) 42.0 (153.0-28.0) 178.9 ± 33.5

I405V
I 258.3 ± 31.8 150.0 (425.0-59.0) 42.0 (153.0-28.0) 179.0 ± 33.3
V 259.6 ± 27.1 145.5 (390.0-59.0) 43.0 (153.0-27.0) 178.0 ± 33.6

Table 10: Pre simvastatin therapy lipid profile of the study cohort based on TaqIB and I405V alleles.
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TC (mg/dl)
 (Mean ± SD)

TG (mg/dl)
 (Mean ± SD) HDL-C (mg/dl)  (Mean ± SD) LDL-C (mg/dl)  (Mean ± SD)

Taq1B
B1 180.5 ± 28.4 105.0 (246.0-40.0) 46.0 (95.0-30.0) 110.5 ± 26.9
B2 184.4 ± 25.9 109.0 (246.0-55.0) 46.0 (95.0-30.0) 115.4 ± 29.1

I405V
I 181.0 ± 27.2 106.0 (246.0-40.0) 46.0 (95.0-30.0) 112.3 ± 29.4
V 183.6 ± 27.6 106.0 (246.0-57.0) 46.5 (95.0-30.0) 113.5 ± 30.2

Table 11: Post simvastatin therapy lipid profile of the study cohort based on TaqIB and I405V alleles.

TC (mg/dl)
 (Mean ± SD)

TG (mg/dl)
Median (Range)

HDL-C (mg/dl) Median 
(Range) LDL-C (mg/dl)  (Mean ± SD) 

Taq1B
B1 256.2 ± 29.0 142.5 (390.0-60.0) 42.0 (95.0-26.0) 177.0 ± 23.3
B2 259.5 ± 26.8 152.0 (390.0-68.0) 41.5 (95.0-29.0) 178.6 ± 23.4

I405V
I 255.9 ± 28.2 144.0 (390.0-60.0) 42.0 (95.0-29.0) 178.1 ± 24.0
V 259.7 ± 27.0 149.5 (390.0-68.0) 42.5 (95.0-26.0) 178.7 ± 22.7

Table 12: Pre atorvastatin therapy lipid profile of the study cohort based on TaqIB and I405V alleles.

TC  (mg/dl)
  (Mean ± SD)

TG  (mg/dl)
  (Mean ± SD) HDL-C  (mg/dl)   (Mean ± SD) LDL-C  (mg/dl)   (Mean ± SD)

Taq1B
B1 176.6 ± 25.7 100.5  (255.0-51.0) 46.0  (83.0-29.0) 108.6 ± 23.6
B2 179.7 ± 22.7 105.5  (255.0-56.0) 45.5  (83.0-29.0) 110.3 ± 21.3

I405V
I 175.8 ± 24.7 101.5  (255.0-51.0) 46.0  (76.0-29.0) 107.3 ± 23.4
V 178.5 ± 24.0 106.0  (255.0-51.0) 44.5  (83.0-29.0) 109.7 ± 21.2

Table 13: Post atorvastatin therapy lipid profile of the study cohort based on TaqIB and I405V alleles.

to statin treatment. Even a small difference in the absolute number, 
for example, in the LDL-C levels after taking one specific statin against 
one other, can have significant effect on the hard end point, which is 
the CV event.

Of significant importance is also a probable correlation between 
the different genotypes and the severity of the side effects of statin 
treatment.

It would be also of great significance to be confirmed or not, 
whether it would have a clinical role, the implementation of genetic 
control before prescribing a statin to a specific patient, in order to 
choose the most appropriate one for him.

The purpose of this study was to investigate a probable correlation 
between the two studied polymorphisms of CETP, namely TaqIB 
and I405V, with better or worse response to two different statins: 
simvastatin and atorvastatin.

This study has not shown any significant difference at TCHOL, TGs, 
HDL-C or LDL-C levels before and after treatment with simvastatin 
and atorvastatin between TaqIB and I405V polymorphisms (concretely 
among B1B1, B1B2 and B2B2 genotypes of TaqIB polymorphism and 
among II, IV and VV genotypes of I405V polymorphism). Moreover, 
no significant difference was revealed studying independently the 
presence of B1, B2, I, V alleles. 

In many cases, pharmacogenetic studies are being criticized for 
having no consistency to one another and also for their initial selection 
of the studied genotypes. Undoubtedly, it is not easy for the proper 
genotype combination to be defined a priori, in order to study its impact 
on a multi-factorial model as the lipidemic profile of the patients.

In this study the selection of the TaqIB and I405V polymorphisms 
of CETP for their impact on the response to statin treatment was based 
on previous studies, which have shown a clear correlation between 
these two polymorphisms and the lipidemic profile, the risk of CAD 
and the response to hypolipidemic treatment.

The most important part of the planning and the realization of this 

study was the fact, that the two studied statins were both administered 
successively to the same individuals. By that means, all the other factors 
beyond the studied polymorphisms, which probably affect the response 
of every patient to these statins, were eliminated.

From the other side, the limitations of this study were that its 
population consisted of 78 individuals and only two polymorphisms of 
CETP gene were studied. There is the possibility, that different CETP 
gene polymorphisms would have shown a significant difference in the 
response of their carriers to simvastatin and atorvastatin.

There is discordance among different pharmacogenetics studies, 
which investigated the effect of TaqIB polymorphism on response to 
statin treatment. There are some which showed a significant correlation 
[17] and others like ours which did not find a significant interaction 
[25]. However, seeing them as a whole, they have not shown significant 
differences. This was also the result of a large meta-analysis of 
Boekholdt et al. [18], which included about 13.000 patients. It did not 
reveal any significant correlation between the TaqIB polymorphism 
and a possible difference in response to statin treatment.

Conclusion
In conclusion, current data from pharmacogenetic studies do 

not support applying a pharmacogenetic control to patients before 
starting a statin. However, data from multicenter Genome-Wide 
Association Studies (GWAS), which would focus on the role of CETP 
polymorphisms at the response to different statins but also on their 
possible toxicity, are needed before we abandon definitely the genetic 
guided statin treatment.

References

1. Gensini GF, Comeglio M, Colella A (1998) Classical risk factors and emerging 
elements in the risk profile for coronary artery disease. Eur Heart J 19: A53-A61.

2. Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE, et al. (2001) Measurement 
of C-reactive protein for the targeting of statin therapy in the primary prevention 
of acute coronary events. N Engl J Med 344: 1959-1965.

3. Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, et al. (2011) 
ESC/EAS Guidelines for the management of dyslipidemias: The Task Force for 

http://europepmc.org/abstract/med/9519344
http://europepmc.org/abstract/med/9519344
https://doi.org/10.1016/s1062-1458(01)00460-3
https://doi.org/10.1016/s1062-1458(01)00460-3
https://doi.org/10.1016/s1062-1458(01)00460-3


Citation: Bousoula E, Kolovou V, Boutsikou M, Tapola A, Perrea D, et al. (2017) The Cholesteryl Ester Transfer Protein (CETP) Taqib and I405V 
Gene Polymorphisms and Statin Treatment. J Pharmacogenomics Pharmacoproteomics 8: 168. doi: 10.4172/2153-0645.1000168

Page 7 of 7

Volume 8 • Issue 1 • 1000168
J Pharmacogenomics Pharmacoproteomics, an open access journal
ISSN: 2153-0645

the management of dyslipidemias of the European Society of Cardiology (ESC) 
and the European Atherosclerosis Society (EAS). Eur Heart J 32: 1769-1818. 

4. Davidson MH, Toth PP (2004) Comparative effects of lipid-lowering therapies.
Prog Cardiovasc Dis 47: 73-104

5. Ballantyne CM (2004) Achieving greater reductions in cardiovascular risk:
lessons from statin therapy on risk measures and risk reduction. Am Heart J
148: S3-S8.

6. Simons LA, Simons J, McManus P, Dudley J (2000) Discontinuation rates for
use of statins are high. Br Med J 321: 1084.

7. Bousoula E, Kolovou V, Perrea D, Kolovou G (2015) Pharmacogenetics and
Statin Treatment: Reality or Theory? Curr Vasc Pharmacol 13: 616-623.

8. Saito Y, Yoshida S, Nakaya N, Hata Y, Goto Y (1991) Comparison between
morning and evening doses of simvastatin in hyperlipidemic subjects. A double-
blind comparative study. Arterioscler Thromb 11: 816-826.

9. Thompson GR, O’Neill F, Seed M (2002) Why some patients respond poorly to 
statins and how this might be remedied. Eur Heart J pp: 200-206.

10. Schmitz G, Langmann T (2006) Pharmacogenomics of cholesterol-lowering
therapy. Vasc Pharmacol 44: 75-89.

11. Verschuren JJ, Trompet S, Wessels JA, Guchelaar HJ, de Maat MP et al. 
(2012) A systematic review on pharmacogenetics in cardiovascular disease: is 
it ready for clinical application? Eur Heart J 33: 165-175.

12. Chasman DI, Posada D, Subrahmanyan L, Cook NR, Stanton VP Jr, et al.
(2004) Pharmacogenetic Study of Statin Therapy and Cholesterol Reduction.
JAMA 291: 2821-2827.

13. Kuivenhoven JA, DeKnijff P, Boer JM, Smalheer HA, Botma GJ, et al.
(1997) Heterogeneity at the CETP gene locus. Influence onplasma CETP 
concentrations and HDL cholesterol levels. Arterioscler Thromb Vasc Biol 17:
560-568.

14. Kuivenhoven JA, Jukema JW, Zwinderman AH, de Knijff P, McPherson R, et 
al. (1998) The role of a common variant of the cholesteryl ester transfer protein 
gene in the progression of coronary atherosclerosis. New Engl J Med 338:
86-93.

15. Ordovas JM, Cupples LA, Corella D, Otvos JD, Osgood D, et al. (2000)
Association of cholesteryl ester transfer protein-TaqIB polymorphism with
variations in lipoprotein subclasses and coronary heart disease risk: the
Framingham study. Arterioscler Thromb Vasc Biol 20: 1323-1329.

16. Liu S, Schmitz C, Stampfer MJ, Sacks F, Hennekens CH (2002) A prospective 

study of TaqIBpolymorphism in the gene coding for cholesteryl ester transfer 
protein and risk of myocardial infarction in middle-aged men. Atherosclerosis 
161: 469-474.

17. Carlquist JF, Muhlestein JB, Horne BD, Hart NI, Bair TL, et al. (2003) The
cholesteryl ester transfer protein Taq1B gene polymorphism predicts clinical
benefit of statin therapy in patients with significant coronary artery disease. Am 
Heart J 146: 1007-1014.

18. Boekholdt SM, Sacks FM, Jukema JW, Shepherd J, Freeman DJ, et al. 
(2005) Cholesterylester transfer protein TaqIB variant, high-density lipoprotein
cholesterol levels, cardiovascular risk, and efficacy of pravastatin treatment: 
individual patient meta-analysis of 13,677 subjects. Circulation 111: 278-287.

19. Jukema JW, Bruschke AV, van Boven AJ, Reiber JH, Bal ET, et al. (1995) 
Effects of lipid lowering by pravastatin on progression and regression of
coronary artery disease in symptomatic men with normal to moderately
elevated serum cholesterol levels. The Regression Growth Evaluation Statin
Study. Circulation 91: 2528-2540

20. Regieli JJ, Jukema JW, Grobbee DE, Kastelein JJ, Kuivenhoven JA, et al. 
(2008) CETP genotype predicts increased mortality in statin-treated men with
proven cardiovascular disease: an adverse pharmacogenetic interaction. Eur
Heart J 29: 2792-2799.

21. Mullis KB, Gibbs RA (1994) The polymerase chain reaction. 

22. Fumeron F, Betoulle D, Luc G, Behague I, Ricard B, et al. (1995) Alcohol intake 
modulates the effect of a polymorphism of the cholesteryl ester transfer protein 
gene on plasma high density lipoprotein and the risk of myocardial infarction. J 
Clin Invest 96: 1664-1671.

23. Gudnason V, Kakko S, Nicaud V, Savolainen MJ, Kesäniemi YA, et al.(1999)
Cholesteryl ester transfer protein gene effect on CETP activity and plasma
high-density lipoprotein in European populations. The EARS Group. Eur J Clin 
Invest 29: 116-128.

24. Kajinami K, Takekoshi N, Brousseau ME, Schaefer EJ (2004) Pharmacogenetics 
of HMG-CoA reductase inhibitors: exploring the potential for genotype-based
individualization of coronary heart disease management. Atherosclerosis 177:
219-234.

25. de Grooth GJ, Zerba KE, Huang SP, Tsuchihashi Z, Kirchgessner T, et al.
(2004) The cholesteryl ester transfer protein (CETP) TaqIB polymorphism in
the cholesterol and recurrent events study: no interaction with the response to
pravastatin therapy and no effects on cardiovascular outcome: a prospective
analysis of the CETP TaqIB polymorphism on cardiovascular outcome and
interaction with cholesterol-lowering therapy. J Am Coll Cardiol 43: 854-857.

https://doi.org/10.1016/j.pcad.2004.04.007
https://doi.org/10.1016/j.pcad.2004.04.007
https://doi.org/10.1016/j.ahj.2004.04.025
https://doi.org/10.1016/j.ahj.2004.04.025
https://doi.org/10.1016/j.ahj.2004.04.025
https://doi.org/10.1136/bmj.321.7268.1084
https://doi.org/10.1136/bmj.321.7268.1084
https://doi.org/10.2174/1570161113666150130165651
https://doi.org/10.2174/1570161113666150130165651
https://doi.org/10.1161/01.atv.11.4.816
https://doi.org/10.1161/01.atv.11.4.816
https://doi.org/10.1161/01.atv.11.4.816
https://doi.org/10.1053/euhj.2001.3071
https://doi.org/10.1053/euhj.2001.3071
https://doi.org/10.1016/j.vph.2005.07.012
https://doi.org/10.1016/j.vph.2005.07.012
https://doi.org/10.1093/eurheartj/ehr239
https://doi.org/10.1093/eurheartj/ehr239
https://doi.org/10.1093/eurheartj/ehr239
https://doi.org/10.1001/jama.291.23.2821
https://doi.org/10.1001/jama.291.23.2821
https://doi.org/10.1001/jama.291.23.2821
https://doi.org/10.1161/01.atv.17.3.560
https://doi.org/10.1161/01.atv.17.3.560
https://doi.org/10.1161/01.atv.17.3.560
https://doi.org/10.1161/01.atv.17.3.560
https://doi.org/10.1056/nejm199801083380203
https://doi.org/10.1056/nejm199801083380203
https://doi.org/10.1056/nejm199801083380203
https://doi.org/10.1056/nejm199801083380203
https://doi.org/10.1161/01.atv.20.5.1323
https://doi.org/10.1161/01.atv.20.5.1323
https://doi.org/10.1161/01.atv.20.5.1323
https://doi.org/10.1161/01.atv.20.5.1323
https://doi.org/10.1016/s0021-9150(01)00673-6
https://doi.org/10.1016/s0021-9150(01)00673-6
https://doi.org/10.1016/s0021-9150(01)00673-6
https://doi.org/10.1016/s0021-9150(01)00673-6
https://doi.org/10.1016/s0002-8703(03)00501-5
https://doi.org/10.1016/s0002-8703(03)00501-5
https://doi.org/10.1016/s0002-8703(03)00501-5
https://doi.org/10.1016/s0002-8703(03)00501-5
https://doi.org/10.1161/01.cir.0000153341.46271.40
https://doi.org/10.1161/01.cir.0000153341.46271.40
https://doi.org/10.1161/01.cir.0000153341.46271.40
https://doi.org/10.1161/01.cir.0000153341.46271.40
https://doi.org/10.1093/eurheartj/ehn465
https://doi.org/10.1093/eurheartj/ehn465
https://doi.org/10.1093/eurheartj/ehn465
https://doi.org/10.1093/eurheartj/ehn465
https://doi.org/10.1172/jci118207
https://doi.org/10.1172/jci118207
https://doi.org/10.1172/jci118207
https://doi.org/10.1172/jci118207
https://doi.org/10.1046/j.1365-2362.1999.00412.x
https://doi.org/10.1046/j.1365-2362.1999.00412.x
https://doi.org/10.1046/j.1365-2362.1999.00412.x
https://doi.org/10.1046/j.1365-2362.1999.00412.x
https://doi.org/10.1016/j.atherosclerosis.2004.09.004
https://doi.org/10.1016/j.atherosclerosis.2004.09.004
https://doi.org/10.1016/j.atherosclerosis.2004.09.004
https://doi.org/10.1016/j.atherosclerosis.2004.09.004

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Study population
	DNA analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table 11
	Table 12
	Table 13
	References

