
Abstract. Background/Aim: Cholesterol ester transfer
protein (CETP) is responsible for the transformation of high
density lipoprotein (HDL) to low density lipoprotein (LDL)
and is a risk factor for atherosclerosis. Our study
investigated the association of the rs5883 CETP gene
polymorphism with HDL and LDL levels, in 45 coronary
artery disease patients and 45 control patients. Materials
and Methods: CETP gene polymorphism was detected using
Real Time-Polymerase Chain Reaction (RT-PCR).
Lipoprotein levels were measured using Quantimetrix
system. Results: There were lack of associaition regarding
CETP polymorphism in atherosclerosis and HDL and LDL
levels (p>0.05) BMI was higher among coronary artery
disease patients (CADP) compared to the control group
(28.97±6.38, 26.52±4.39 respectively, p<0.03). Frequency
of CADP (82.6 %, n=19) who were taking treatment was
higher (17.4 %, n=4) (p<0.00). The frequencies of
hypertension and type-2 diabetes were higher among CADP
(p<0.00). Families of CADP have more CADP (p<0.02).
Small HDL particle levels were higher in the control group
(p<0.00). Conclusion: In Turkey, BMI, and frequencies of
hypertension and type-2 diabetes were higher among CADP
than among healthy controls. Furthermore, the genotypes of
the rs5883 CETP gene polymorphism did not differ between
CADP and healthy controls.

Cardiovascular diseases (CVD) are still one of the main
causes of mortality around the world and contributes to
nearly 80% of disease burden in developed countries (1-3).
According to data from the World Health Organisation
(WHO), 17 million people die of CVD every year, especially
of myocardial infarction (MI) and stroke (4). In The Health
Statistics Report of WHO for 2015, mortality rates in Turkey
in 2012 were about 5.5 % (5). In 2008, in the study of
Tokgözoğlu et al., the prevalence of atherosclerotic diseases
was found high among the young population with a mean
age of 29 years old (6). 

Molecular studies have shown that cholesterol ester transfer
protein (CETP) is associated with high density lipoprotein
(HDL) metabolism and atherosclerosis. CETP is responsible
for the transformation of HDL to low density lipoprotein
(LDL) and therefore, it is a risk factor for atherosclerosis (7).
It has been shown that many single nucleotide polymorphisms
(SNP) of the CETP gene are related to its protein levels and
activity and HDL-cholesterol (8).

CETP gene includes 16 exons and 15 introns (9) in the
16q12-16q21 gene locus and is appoximately 25 kb (10).
Genetic studies have indicated that individuals, deficient for
or with a mutated CETP gene have high HDL cholesterol
levels (11). CETP is a hydrophobic glycoprotein synthesized
by hepatocytes and adipocytes (12, 13). It is known that
CETP expression is induced by hypercholesterolemia
associated with nutrition (13). CETP decreases HDL levels
by playing a role in the convertion of cholesteryl esters to
smaller non-HDL cholesterol, like LDL that is quite
atherogenic. While size and triglyceride content of
lipoproteins increase, CETP activity increases (12). CETP
inhibitors exhibit cardiovascular adverse effects and have not
been used. Studies examining the association of CETP gene
polymorphisms, LDL, and HDL with the development of
atherosclerosis have shown different and conflicting results.
Genetic diversity of populations has influenced the results
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(9). In the light of this information, the aim of this study was
to investigate the association of CETP gene polymorphisms,
HDL, and LDL with coronary artery disease (CAD).

Materials and Methods 

Study participants and clinical investigation. This study was
approved by the Clinical Trials Ethical Committee of Yeditepe
University. This was a case-control study included totally 90
individuals. The coronary artery disease patient (CADP) group
(n=45) consisted of patients who were 18-65 years old, diagnosed
using coronary angiography at the Cardiovascular Surgery Clinic of
T.C. Ministry of Health Marmara University Pendik Training and
Research Hospital. The healthy control group (n=45) consisted of
individuals who came to the same unit for check-up, and were 18-
65 years old without atherosclerosis and/or CAD. After getting
informed consent of healthy controls and coronary artery disease
patients, blood serum and DNA samples were obtained. The
experiments were conducted at Medical Biology Department
Laboratory of Yeditepe University Faculty of Medicine.

Genomic DNA isolation. Blood samples were collected in tubes with
EDTA (Ethylenediaminetetraacetic acid) and stored at +4˚C. DNA
isolation from peripheral leukocytes was performed using iPrep
nucleic acid isolation robot and iPrep PureLink Genomic DNA
Blood Kit (Invitrogen, Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s protocol.

Genomic DNA purity measurement. The purity and the
concentrarion of isolated DNA was measured using Nano2000
spectrophotometry (Thermoscientific, Waltham, MA, USA) and
genomic DNA samples with a concentration >50 ng/μl and purity
levels 1.7<A260/A280<1.9 (OD260/OD280 value is between 1.7-1.9)
were included in the study (14). 

Genotyping analysis with Real Time Polymerase Chain Reaction
(RT-PCR). This analysis was done using RT-PCR LightCycler® 480
Instrument II (Roche Diagnostics, Mannheim, Germany).
Fluorescent probes against two different sequences labeled with
differents dyes for wild type allele and mutant allele exist (15).
Detection of Cholesterol Ester Transfer Protein (CETP)
polymorphism (rs5883) was performed using RT-PCR LightCycler
FastStart DNA Master plus SYBR Green I (Roche Diagnostics)
following the manufacturer’s instructions. The reaction conditions
were as follows: denaturation for 10 sec at 95˚C, 45 cycles of
amplification for 5 sec at 95˚C, annealing for 10 sec at 57˚C and
extension for 5 sec at 72˚C. After a melting curve step, the reaction
ends with cooling at 40˚C for 10 sec. Analysis of fluorescence
curves and detection of interception point of samples was applied
in order to detect the polymorphism. 

LDL and HDL sub-fraction analysis. Blood serum samples were
stored at –20˚C and the Lipoprint® Lipoprotein Subfractions Testing
kits (Quantimetrix Corporation, CA, USA) were stored at +4˚C.
They were left for 2 h at room temperature before use. Loading gel
(photoactive dye) was added into blood serum samples which were
loaded in polyacrylamide gel tubes and incubated for 35 min. at
white light for polymerization. LDL and HDL sub-fractions were
separated using Lipoprint® (Quantimetrix Corporation, CA, USA)

closed polyacrylamide gel electrophoresis system. After
electrophoresis, images of gel columns were scanned, transferred to
the computer, and analyzed via Lipoprint System Research Software
(Quantimetrix Corporation, CA, USA) program. The amount of
LDL and HDL sub-fractions were measured. 

Statistical analysis. SPSS program version 22.0 and 24.0 were used.
For the analysis of data, descriptive statistical methods (arithmetic
mean, median, standard deviation) were used. Differences between
groups were analyzed with paired independent sample Student’s t-test
and Mann-Whitney U-test for numerical variables, and with Fisher’s
exact test and Pearson’s chi-square (χ2) test for categorical variables.
Scores obtained are presented as number (n) and percentage (%).
Results were evaluated at p<0.05 statistical significance and 95%
confidence interval. Allele frequencies were detected using a gene
counting method.

Results

A total of 45 healthy controls and 45 CADPs were included
in this study. Table I shows the demographical data of the
groups. The mean age of the control group was 58.02±8.75
and 59.01±10.72 for the CADP group. Although the patients
of the CADP group had a higher body weight (80.89±15.65)
compared to the healthy control group (75.13±13.41), the
difference was not statistically significant (p<0.06). The
BMI of the CADP group was higher (28.97±6.38) than that
of the control group (26.52±4.39) (p<0.03). Regarding
smoking status, there was no statistical difference between
groups (p<0.29, χ2=1.11). Regarding cholesterol treatment,
it was observed that 82.6% of CADP (n=19) and 17.4% of
the control group were taking medicine (p<0.00, χ2=13.14).
Considering medical history, 71.0% of CADPs (n=22) had
hypertension and 75.0% of them had type 2 diabetes (n=18),
while 29.0% of the control group (n=9) had hypertension and
25.0% (n=6) had type 2 diabetes (respectively p<0.00,
χ2=8.31; p<0.00, χ2=8.18). Regarding family history, it was
observed that in the CADP group (73.7%, n=14) a higher
number of members had CADP than in the control group
(n=5, 26.3%) (p<0.02, χ2=5.40). Also, there was no
statistically significant difference between male and female
groups regarding HDL-risk score (p<0.96). 

Table II shows the genotypes and allele counts of both
groups. It was observed that the CC and CT genotypes were
balanced among groups and there was no statistically
significant difference between groups: CC genotype was
seen in 91.1% of the control group and in 88.9% of the
CADP group; CT genotype was in 8.9% of the control group
and 11.1% of the CADP group (p>1.00 for both groups). TT
genotype was not observed at all.

Considering the distribution of demographical data among
the groups according to CETP polymorphism genotypes,
there was no statistically significant association between
genotype and allele counts of groups and smoking, statin
usage, hypertension, Type 2 diabetes and family history
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(Table III). The small sample size may have accounted for
these results. 

Discussion

CVD (mainly cardiac disease and stroke) accounting for 17
million deaths, is a leading cause of death. Although CVD-
associated deaths arise most frequently at older ages, almost
45% of them are seen in people under the age of 70 (2).
According to the 2018 Health Statistics of WHO, deaths of
NCD in 2016, an estimated 41 million deaths occurred due
to noncommunicable diseases (NCDs), comprised 71% of a
total of 57 million deaths. A total of 17.9 million of these
(44% of all deaths caused by NCD) were the result of CVD
(16). 

The TEKHARF Study by Onat et al., which started in
1987 provides important data related to CVD in Turkey. In
the TEKHARF 2014 Study, it was reported that 340.000
adults die per year in our country and there are 420.000 new
coronary heart disease (CHD) cases per year (17). In the
same study it was reported that the mortality rate due to
CHD among 45-74 year-old-individuals is 2-4 fold higher
compared to other European countries (17). Abnormalities in
lipoprotein metabolism account for 50% of the risks that

contribute to the development of CVD. During the last
decade, despite improvements in the management of CVD,
new CV risk factors have been studied in order to prevent
these diseases (18). In a genetic study by Hsu et al., aiming
at defining novel risk factors, the association between
genetic variations in the CETP gene and HDL-cholesterol
levels among the Taiwanese and Chinese population was
investigated (19). Evidence was presented indicating that
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Table I. The demographical data of groups.

Demographical data                                                                      Control                                Coronary artery disease patient                        p-Value
                                                                                                  group (n=45)                                          group (n=45)   

Age (Year)                                                                                 58.02±8.75                                              9.01±10.72                                         0.07   
Gender                                                                                                                                                                                                                   0.26
  Women                                                                                  n=17 (58.6%)                                         n=12 (41.4%)    
  Men                                                                                       n=28 (45.9%)                                         n=33 (73.3%)
Height (cm)                                                                              168.27±8.20                                            167.56±8.72                                        0.69   
Body Weight (kg)                                                                    75.13±13.41                                           80.89±15.65                                        0.06   
BMI* (kg/m2)                                                                           26.52±4.39                                             28.97±6.38                                         0.03
BSA** (m2)                                                                               1.84±0.18                                                1.89±0.18                                          0.15
Smoking                                                                                                                                                                                                                0.29
  Smokers                                                                                n=20 (44.4%)                                         n=25 (55.6%)    
  Non-smokers                                                                         n=25 (55.6%)                                         n=20 (44.4%)
Statin                                                                                                                                                                                                                      0.00*,a
  Users                                                                                      n=4 (17.4%)                                          n=19 (82.6%) 
  Non-users                                                                              n=41 (61.2%)                                         n=26 (38.8%)
Hypertension# (mmHg)                                                                                                                                                                                         0.00*,b
  Exists                                                                                     n=9 (29.0%)                                          n=22 (71.0%)
  Absent                                                                                   n=36 (61.0%)                                         n=23 (39.0%)     
Type 2 diabetes                                                                                                                                                                                                      0.00*,b
  Exists                                                                                     n=6 (25.0%)                                          n=18 (75.0%)
  Absent                                                                                  n=39 (59.1%)                                         n=27 (40.9%)
Family History##                                                                                                                                                                                                 0.02*,b
  Absent                                                                                  n=40 (56.3%)                                         n=31 (43.7%)
  Exists                                                                                     n=5 (26.3%)                                          n=14 (73.7%)

*BMI: Body mass index; **BSA: body surface area; #Hypertension: systolic ≥140, diastolic ≥90 millimeter mercury; ##Family history: coronary
artery disaese. *The bold values show statistical significance (p<0.05). Differences between groups were analysed by Student’s t-test for numerical
variables, and with (a) Fisher’s exact test and (b) Pearson’s chi-square (χ2) test for categorical variables.

Table II. CETP polymorphism and allele distributions (CETP, C>T) of
groups.

Genotype                     Control                       CADP                  p-Value
                                group (n=45)             group (n=45)

CC                          n=41 (91.1%)            n=40 (88.9%)              1.00
CT                            n=4 (8.9%)               n=5 (11.1%)               1.00
TT                            n=0 (0.0%)                n=0 (0.0%)                 n.c.

Allele                                  Allele distribution

C                               86 (95.5%)                 85 (94.4%)                 n.c.
T                                  4 (4.5%)                    5 (5.6%)                   1.00 

CADP: Coronary artery disease patient; n.c.: not computed.



genetic variations in the CETP gene locus may bring about
significant differences at HDL-cholesterol levels (19). 

In contrast to the literature (20), our comparison of the
HDL-risk score, which reflects the ratio of total cholesterol
to HDL-cholesterol, indicated that the mean values of HDL-
risk scores of men (4.95±1.22, n=61) and women (4.96±1.55,
n=29) were similar and there was no statistically significant
difference between the groups (p<0.96). The absence of
statistically significant differences may be due to the
insufficient number of participants. In the study of Ujcic-
Voortman et al., it was observed that HDL-risk levels of both
Turkish men and women were higher than in Dutch
individuals and there was a statistically significant difference
between the groups (p<0.001 and p<0.01, respectively) (20).
The post-hoc analysis of COURAGE Trial, suggested that
total cholesterol/HDL-cholesterol ratio was the best risk
predictor (21). In addition, it showed that every unit of
increase of HDL-risk level was associated with 53% increase
in MI risk (22). Total cholesterol/HDL-cholesterol ratio is
known as the aterogenci index and it is considered that its
value as a CV risk predictor is higher than other risk factors,
such as LDL (22). The value of this ratio is important
especially when the lipid profile is within the normal limits.
In this study, there was no statisticaaly significant association
between the CETP gene polymorphism and smoking status
(p<1.00, χ2=0.12). The small number of participants may
account for this result. In agreement, Hsu et al., did not find
an association between CETP polymorphism and smoking
(19). In another study the association of CETP

polymporhism (Taq1B) among Turks and smoking was
investigated (23). In the study by Hodoğlugil et al., the
levels of HDL-cholesterol in individuals with the CETP gene
Taq1B polymorphism were not statistically different between
smokers and non-smokers (23). Contrary to our study and
the study by Hodoğlugil et al., in another study by Devi et
al. on the CETP polymorphism -629 C/A, it was observed,
that the number of smokers among patients who had
atherosclerosis was higher than in controls and there was a
significant difference between groups (p<0.000) (24).
Comparing the distribution of hypertension between the
control group and the CADP group, it was observed that
71% (n=22) of CADP and 29% (n=9) of controls were
hypertensive and the difference between groups was
statistically significant (p<0.00, χ2=8.31). In the study by
Devi et al., it was observed that numbers of hypertensive
individuals were higher in the disease group than in the
control group and the difference was statistically significant
(p<0.005) (24). Considering the distribution of lipid levels,
although there was no statistically significant difference
(p<0.13), it was observed that the levels of HDL-cholesterol
which are considered as atheroprotective, were higher among
the individuals in the control group (40.27±8.33, n=45) than
in the CADP group (37.80±7.22, n=45). Comparing all
participants’ (healthy controls and CADP groups)
demographical data in our study according to the CETP gene
polymorphism genotype and alleles, there was no statistically
significant difference between the groups regarding age,
gender, weight, BMI and BSA (respectively p<0.30, p<1.00,
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Table III. The demographical data of groups according to CETP Polymorphism. 

Demographical data                                     Genotype                                                     

                                                        CC                             CT                      p-Value                Allele C            p-Value             Allele T           p-Value

Smoking                                                                                                          1.00                                                n.c.                                            1.00 
   Smokers                             n=41 (91.1%)             n=4 (8.9%)                                         n=45 (50%)                                 n=4 (8.9%)
   Non-smokers                      n=40 (88.9%)             n=5 (11.1%)                                        n=45 (50%)                                n=5 (11.1%)
Statin                                                                                                               0.43                                               n.c.                                            0.43
   Users                                  n=22 (95.7%)             n=1 (4.3%)                                        n=23 (100%)                               n=1 (4.3%)
   Non-users                           n=59 (88.1%)             n=8 (11.9%)                                       n=67 (100%)                              n=8 (11.9%) 

Hypertension#                                                                                              1.00                                                n.c.                                            1.00 
(mmHg)  
   Exist                                   n=28 (90.3%)          n=22 (70.96%)                                     n=31 (100%)                               n=3 (9.7%)
   Absent                                n=53 (89.8%)          n=23 (38.98%)                                     n=59 (100%)                              n=6 (10.2%)
Type2 diabetes                                                                                                1.00                                                n.c.                                            1.00  
   Exist                                   n=22 (91.7%)             n=2 (8.3%)                                        n=24 (100%)                               n=2 (8.3%)
   Absent                                n=59 (89.4%)            n=7 (10.6%)                                       n=66 (100%)                              n=7 (10.6%)
Family history##                                                                                         0.67                                               n.c.                                            0.67 
   Exist                                   n=18 (94.7%)             n=1 (5.3%)                                        n=19 (100%)                               n=1 (5.3%)
   Absent                                n=63 (88.7%)             n=8 (11.3%)                                       n=71 (100%)                               n=8 (11.3%)

#Hypertension: systolic ≥140 mm Hg, diastolic ≥90 mm Hg; ##Family history: coronary artery disease; n.c.: not computed.



p<0.21, p<0.90, p<0.52, p<0.63). In the study of Ruan et
al., it was determined that the individuals in the group with
the Taq1B CETP gene polymorphism, who had BMI higher
than 27 kg/m2 had higher levels of HDL-cholesterol than the
individuals in the healthy control group whose BMI was
equal or less than 24 kg/m2 (25). It was observed that when
BMI was higher than 30 kg/m2, the increase in HDL-
cholesterol levels was more prominent, and it was concluded
that the Taq1B polymorphism interacts with TG in
modulating HDL-cholesterol levels partly independently
from BMI. In the same study, it was observed that in the
obese group (BMI >27 kg/m2), HDL-cholesterol levels were
lower and TG levels were higher than those in the normal
control group (BMI ≤24 kg/m2) and the difference was
statistically significant (for both variables p<0.01) (25). In
our study, it was observed that the means of BMI, systolic
and diastolic blood pressures and total cholesterol levels in
the CADP group were significantly higher than in the control
group (respectively p<0.004 and p<0.001). In addition, there
was a statistically significant difference between the groups
according to smoking status (p<0.003). 

In the study of İsbir et al., considering the genotype and
allele distribution, it was observed that the M1 allele and
MspM1M1 genotype were higher in the CADP group than in
the healthy control group (p<0.001) (26). CVD risks of
people who have vascular disease have persisted despite
cholesterol lowering therapies (especially statin treatment)
(26). Therefore, novel substances sought to decrease the risk
of CVD and CEPT inhibitors carry significant promise. The
results of the REVAEL study on the use of anacetrabip (27),
showed that the incidence of major coronary events in
anacetrabip users among atherosclerotic cardiac patients who
received intense statin therapy, were lower than placebo
users (27). In a meta-analysis which examined nine different
case-control studies and assessed the association of seven
functional polymorphisms on the CETP gene and MI risk, it
was shown that CETP gene polymorphisms were associated
with increased MI risk especially among caucasians (28).
This study revealed that CETP polymorphisms may be
potential biomarkers for early MI diagnosis.

Conclusion

Considering the demographical data, it was observed that
BMI as a numeric variable, the incidence of hypertension and
type 2 diabetes, which are major risk factors of CAD, and
family history, were higher in the CADP group compared to
healthy control group. Comparing groups according to
gender, it was noteworthy that the number of smoker women
in the CADP group was higher than in healthy controls,
whilst HDL-cholesterol levels in men were lower. Regarding
the association between CETP polymorphism, HDL and LDL
sub-fractions and CAD, the results are consistent.
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