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Abstract

Aim The impact of cholesteryl ester transfer protein (CETP) on atherosclerotic development in humans remains unclear.
Plasma cholesteryl ester transfer was shown to be associated with carotid intima-media thickness in type 2 diabetic (T2D)
patients with adequate metabolic control. Since glycation of CETP may influence cholesteryl ester transfer processes, it is
important to determine if plasma cholesteryl ester transfer is still a determinant of carotid intima-media thickness (IMT) in
patients with poorly controlled diabetes. The aim of the present study was to determine whether CETP activity influences
carotid IMT in T2D patients with poor metabolic control.

Methods In 110 individuals with T2D, we measured CETP mass concentration with ELISA, CETP activity with a radioac-
tivity method and carotid intima-media thickness with high-resolution real-time B-mode ultrasonography.

Results The mean HbA1C was 8.8 + 1.7%. Carotid IMT did not correlate with CETP activity in the total population. In T2D
patients with HbA1C <8% (n=33), mean HbA1C was 6.9% and the correlation between carotid IMT and CETP activity
was not significant (p =0.09). In a multivariable analysis that included the total population, carotid intima-media thickness
was positively associated with diabetes duration (p =0.02) but not with CETP activity or HbA1C.

Conclusions We observed no correlation between carotid intima-media thickness, a marker of early atherosclerosis, and
CETP activity in T2D patients with poor metabolic control. Disease duration, which reflects accumulated metabolic abnor-
malities, may have blunted the potential effect of CETP on atherosclerosis. Metabolic control appears essential to determine
the pro- or anti-atherogenic influence of CETP in patients with T2D.
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Introduction decreased CETP activity are accompanied by a significantly

lower risk of atherosclerotic cardiovascular disease [1]. In

Cholesteryl ester transfer protein (CETP) is a transport
protein that enables the exchange of cholesteryl esters and
triglycerides between HDL and triglyceride-rich lipopro-
teins. Cohort studies and studies on human genetics have
concluded that CETP gene polymorphisms associated with
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addition, inhibition of CETP reduces low-density lipoprotein
cholesterol (LDL-C) and increases high-density lipoprotein
cholesterol (HDL-C), which is consistent with a reduced risk
of atherosclerotic cardiovascular disease [2]. However, three
different CETP inhibitors have failed to prove a reduced risk
of atherosclerotic cardiovascular disease [1]. The impact of
CETP on atherosclerotic development therefore remains
unclear in humans.

Many studies have shown that plasma cholesteryl ester
transfer increased in type 2 diabetes (T2D) [3—5]. Neverthe-
less, only one study has evaluated the association between
cholesteryl ester transfer and intima-media thickness (IMT),
a marker of early atherosclerosis, in patients with T2D.
Plasma cholesteryl ester transfer was shown to be associ-
ated with IMT in T2D patients with adequate metabolic con-
trol as mean HbA1C was 6.7% [3]. It has been shown that
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plasma lipoproteins from patients with poor metabolic con-
trol and in vitro glycation of lipoproteins enhanced the trans-
fer rate of cholesteryl ester from HDL to apoB-containing
lipoproteins [6]. Since glycation of CETP and HDL-related
apolipoproteins may influence the cholesteryl ester transfer
process [6], it is probably important to determine if plasma
cholesteryl ester transfer is still a determinant of IMT in
patients whose diabetes is poorly controlled.

The aim of the present study was to determine whether
CETP activity influences intima-media thickness in T2D
patients with poor metabolic control.

Methods
Study design and patients

One hundred and ten patients were included at the endocri-
nology department of Dijon University Hospital between
December 2008 and May 2010 in this prospective study.
The inclusion criteria were: type 2 diabetes, age older than
18 years, no known acute or chronic disease based on his-
tory, physical examination and standard laboratory tests
(blood counts and electrolyte concentrations). No partici-
pants were pregnant.

This prospective single-centered study was approved by
our regional ethics committee. Written informed consent
was obtained from all patients before inclusion.

Biochemical assay

All patients fasted for 12 h before blood collection. Plasma
glucose, total HDL-C and triglycerides were measured
on a Vista analyzer with dedicated reagents (Siemens
Healthcare Diagnostics, Deerfield, IL). LDL-C was cal-
culated with the Friedewald equation when triglycer-
ides levels were < 3.87 mmol/l. When triglycerides levels
were > 3.87 mmol/l, LDL-C was measured directly on the
Vista analyzer with dedicated reagents (Siemens Healthcare,
Diagnostics). HbAlc was measured with high-performance
liquid chromatography on a Variant II device (Bio-Rad,
Richmond, CA, USA) (normal range 4-6% [20-60 mmol/
mol]).

Measurement of cholesteryl ester transfer activity
using a radioactivity method

Cholesteryl ester transfer activity in individual plasma sam-
ples (25 pl per assay) was the measured transfer from [°H]
cholesteryl ester-containing HDL (2.5 nmol per assay) toward
endogenous apoB-containing lipoproteins. [*H] cholesteryl
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ester-containing HDL was obtained with HDL from one sub-
ject with no lipid or glucose metabolism abnormalities.

The cholesteryl ester transfer rate was calculated from the
known specific radioactivity of the HDL donors and the accu-
mulation of radiolabeled cholesteryl esters in the LDL accep-
tors after the deduction of blank values from control mixtures
that were incubated at 37 °C without a plasma sample [7, 8].
Total CETP activity was expressed as pmol of *H-CE trans-
ferred per hour.

CETP mass concentration was measured with a specific
ELISA with TP1 anti-CETP antibodies as previously described
[9]. Intrinsic CETP activity values were calculated from the
ratio of the plasma cholesteryl ester transfer rate to the plasma
CETP mass concentration and were expressed as nmol of *H-
CE transferred per mg of CETP per hour.

Carotid intima-media thickness measurement

Carotid IMT was measured in all subjects using high-reso-
lution real-time B-mode ultrasonography with a 7.5-MHz
linear transducer (Philips HD 11). Each subject was exam-
ined in the supine position. The carotid arteries were inves-
tigated bilaterally in longitudinal projections. The examina-
tion included sections of approximately 2-3 cm of common
carotid artery just below the carotid bulb. IMT was defined as
the distance between the leading edge of the first echogenic
line (lumen—intima interface) and the second echogenic line
(media—adventitia interface) of the far wall. IMT was meas-
ured at a plaque-free location with a specially designed com-
puter program (Philips Qlab 6.0). Three measurements from
both sites were averaged to give the mean IMT.

Statistics

Data are shown as mean + SD or percentages as indicated. Uni-
variate analyses were done using a linear regression model,
with a robust variance estimator. Multivariable analyses were
done using a linear regression model. Linearity was checked
using multivariable fractional polynomials. Multicollinearity
was investigated via the correlation matrix and VIF (variance
inflation factor). The adequacy of the model was checked by
analysis of residuals. The interaction between CETP activity
and HbA1C was tested in the multivariable analyses.

The statistical analyses were done using STATA software
version 12.0 (StataCorp, College Station, TX, USA).

Statistical significance was set at a p value of <0.05.

Results

Table 1 presents the characteristics of the 110 T2D patients.
Mean age was 60.5+9.2 years, mean BMI was 35 + 7.4 kg/
m?, and mean HbA1C was 8.8 + 1.7%. Carotid IMT was
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0.72+0.11 mm. The mean plasma triglyceride level was
1.9+ 0.9 mmol/l, 51% of patients were taking statin therapy,
and 17.3% of patients were smokers.

In univariate analysis, carotid IMT correlated with age
(#=0.003, p=0.02), male gender (f=0.05, p=0.02),
duration of diabetes (f=0.002, p=0.027), systolic blood
pressure (f=0.001, p=0.01) and CETP mass (f=-0.03,
p=0.03). Carotid IMT did not correlate with total CETP
activity (f=—0.13, p=0.790), with intrinsic CETP activ-
ity (#=0.07, p=0.254) or with lipid parameters (Table 2).
All these correlations remained stable after adjustments for
statin therapy and smoking.

Intrinsic CETP activity correlated positively with triglyc-
erides (#=0.08, p<0.0001), LDL ($=0.04, p=0.02) and
negatively with HDL (f=-0.27, p <0.0001) in all T2D
patients. All these correlations were persistent after adjust-
ment for statin therapy.

In TD2 patients with HbA1C < 8% (n=233), mean HbA1C
was 6.9% and the correlation between carotid IMT and
intrinsic CETP activity was not significant (p =0.09). In
T2D patients with HbA1C > 8%, mean HbA1C was 9.6%
and there was no correlation between carotid IMT and CETP
activity (p=0.706). The results were similar to total CETP
activity. In multivariable analyses that included the total
population (including CETP activity, HbA1C and duration
of diabetes), carotid IMT was independently associated

with duration of diabetes ($=0.002, p=0.02) but not with
CETP activity (#=0.06, p=0.335) or HbA1C ($#=0.007,
p=0.237). The interaction between CETP activity and
HbA1C has been included in the multivariable analyses, and
it was not significantly associated with carotid IMT. In this
model, carotid IMT was still independently associated with
duration of diabetes (#=0.002, p=0.02), but not with other
variables. The results of multivariable analysis were similar
to total CETP activity.

Discussion

In the current study, we found no correlation between carotid
IMT and CETP activity in type 2 diabetic patients with poor
metabolic control. This suggests that metabolic control may
influence the possible link between plasma cholesteryl ester
transfer and premature atherosclerosis in patients with type
2 diabetes.

Average mean carotid IMT ranged from 0.72 to 0.97 mm
in a multivariate analysis in 3902 T2D patients [10]. Age
[11, 12], sex [11] and blood pressure [12] are well-estab-
lished determinants of carotid IMT in T2D patients. These
associations, which were also reported in a study by de Vries
et al. [3], are consistent with our results.

Table 1 Characteristics of study

population T2D patients HbA1C < 8% HbA1C>8%
n=110 n=33 n="75

Gender M [(n (%)] 57 (51.8) 17 (51.6) 38(51.4)
Age 60.5+9.2 60.3+7.7 60.6+10
Weight (kg) 96.5+21.3 102.5+£23.1 94.2+204
BMI (kg/m?) 35+7.4 37.2+8 34.2+7
Systolic blood pressure (mmHg) 139.6+19.3 136.6+16.8 140.7+20.4
Diastolic blood pressure (mmHg) 792+11.3 77.8+8.6 79.8+124
Diabetes duration (yr) 12.9+9.7 11.1+10.3 13.7+9.3
Glycaemia (mmol/l) 99+39 7.8+2.2 10.9+4.2°
HbAIC (%) 8.8+ 1.7 6.9+0.8 9.6+1.4°
(mmol/mol) 73 52 81
Total cholesterol (mmol/l) 47+1.1 44409 48+1.2
HDL-C (mmol/l) 1.1£0.2 1.1+£0.2 1.1+£0.2
LDL-C (mmol/l) 2.8+0.9 26+0.8 29+1
Triglycerides (mmol/I) 1.9+0.9 1.6+0.7 21+1%
CETP mass (mg/l) 2.7+0.8 2.6+0.7 2.7+0.8
Total CETP activity 0.057+0.02 0.058 +0.02 0.053+0.02
Intrinsic CETP activity 0.45+0.17 0.43+0.16 0.45+0.17
Carotid IMT (mm) 0.72+0.11 0.68+0.09 0.73+0.12
Statin therapy [(n (%)] 56 (51) 20 (60.6) 34 (46)
Smoker [(n (%)] 19 (17.3) 4(12.1) 15 (20.3)

Significantly different from DT2 patients with HbA1C <8%

2<0.05, Y<0.0001
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Table 2 Correlations between carotid IMT and age, sex, BMI, blood
pressure total cholesterol, LDL-C, HDL-C, TG, HbA1C, CETP mass
and CETP activity, in total population and according to HbA1C under
or over 8%

Carotid IMT

p p
T2D patients
Age £=0.003 p=0.020
Sex p=0.05 p=0.020
BMI p=-0.001 p=0.330
Diabetes duration £=0.002 p=0.027
Systolic blood pressure £=0.001 p=0.013
Diastolic blood pressure p=-0.0002 p=0.879
Total cholesterol £=0.0004 p=0.960
LDL-C p=-0.007 p=0.535
HDL-C $=0.005 p=0.908
TG p=-0.002 p=0.830
HbA1C $=0.007 p=0.200
CETP mass p=-0.03 p=0.030
Total CETP activity p=-0.13 p=0.790
Intrinsic CETP activity p=0.07 p=0.254
T2D patients with HbAIC <8%
Age $=0.004 p=0.057
Sex $=0.05 p=0.086
BMI p=-0.002 p=0.341
Systolic blood pressure £=0.001 p=0.151
Diastolic blood pressure £=0.0004 p=0.808
Total cholesterol $=0.01 p=0.574
LDL-C $=0.006 p=0.801
HDL-C $=0.02 p=0.861
TG $=0.02 p=0.520
HbA1C $=0.04 p=0.052
CETP mass p=-0.02 p=0.350
Total CETP activity $=0.93 p=0.321
Intrinsic CETP activity p=0.15 p=0.094
12D patients with HbAIC > 8%
Age $=0.003 p=0.046
Sex $=0.04 p=0.129
BMI p=-0.00007 p=0.968
Systolic blood pressure £=0.0008 p=0.125
Diastolic blood pressure p=-0.0004 p=0.702
Total cholesterol p=-0.004 p=0.699
LDL-C p=-0.01 p=0.266
HDL-C $=0.03 p=0.491
TG p=-0.01 p=0.362
HbA1C p=-0.008 p=0.561
CETP mass p=-0.05 p=0.032
Total CETP activity $=0.03 p=0.706
Intrinsic CETP activity $=0.03 p=0.706

p value is in bold when <0.05
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De Vries et al. showed an association between carotid
IMT and plasma cholesteryl ester transfer in T2D
patients (n=_87) with adequate metabolic control (mean
HbA1C=6.7%) and in control subjects (n=_82) [3]. Nev-
ertheless, it has been shown that plasma lipoproteins
from patients (n=10) with poorly controlled diabetes
(Hb1AC > 140 g/1) increased transfer rates of cholesteryl
ester from HDL to LDL or VLDL compared with normal
controls [6]. Since glycation of CETP and HDL-related
apolipoproteins may influence the cholesteryl ester trans-
fer process [6], we hypothesized and demonstrated that the
association between carotid IMT and CETP activity is lost in
T2D patients with poor metabolic control. On top of that, in
patients with HbA1C < 8% (n=33), we observed a tendency
(p=0.09) between carotid IMT and intrinsic CETP activity
in univariate analyses which is in line with de Vries’s obser-
vations [3]. The low number of patients in this group may
explain the lack of significant correlation between carotid
IMT and CETP activity. Duration of diabetes was an inde-
pendent factor of carotid IMT in a multivariate analysis
including CETP activity and HbA1C. Duration of diabetes,
which is the reflection of accumulated metabolic abnormali-
ties including chronic hyperglycemia, is an important factor
in atherosclerosis development, which may have blunted a
potential effect of CETP on atherosclerosis, particularly in
T2D patients with poor metabolic control.

As in de Vries’s study, we found that CETP was positively
correlated with triglycerides and LDL and negatively with
HDL.

Even if the differences in CETP activity were not sig-
nificant in T2D patients with good and poor metabolic con-
trol, CETP activity was higher in T2D patients with poor
metabolic control, which echos the observations of Passarelli
et al. [6].

Triglycerides were higher in patients with poor metabolic
control than in patients with adequate metabolic control (2.1
vs. 1.6 mmol/l, p <0.05). In patients with poor metabolic
control, CETP activity correlated strongly with triglyceride
levels (p <0.0001), while CETP activity was not correlated
with triglyceride levels (p=0.1) in patients with adequate
metabolic control. These results confirm that triglycerides
are a major modulator of CETP activity [3, 13].

We observed a negative correlation between CETP mass
and carotid IMT in the total population and in patients
with HbA1C > 8%. Alssema et al. [14] showed no corre-
lation between carotid IMT and CETP concentration in a
subgroup of 104 T2D patients. Nevertheless, the metabolic
control of these patients is not defined. We observed in our
study no correlation between carotid IMT and CETP con-
centration in patients with HbA1C < 8%, while a negative
correlation is observed in patients with HbA1C > 8%. As
for the correlation between carotid IMT and CETP activ-
ity, we cannot exclude that metabolic control plays a role
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in the relation between carotid IMT and CETP concentra-
tion. In a Mendelian randomization analysis [15], a genetic
propensity toward higher CETP concentration was not
associated with cIMT in 5655 subjects. In this study, 14%
of participants had diabetes. Higher CETP concentrations
were associated with lower cIMT in men with diabetes,
while higher CETP concentrations were associated with
higher cIMT in women with diabetes. Even if we observed
no correlation between cIMT and CETP concentration
according to gender distribution in our study, our findings
in 110 TD2 patients with poor metabolic control are in
line with the results observed in men with diabetes in this
Mendelian randomization analysis. While observational
studies have suggested that lower concentration of CETP
is associated with reduced cardiovascular risk, our find-
ings highlight the importance to consider the metabolic
background to assess the link between CETP concentration
and carotid IMT.

The anti- and pro-atherogenic properties of CETP have
been widely discussed for many years [16]. In humans, it
is likely that CETP exerts both pro- and anti-atherogenic
effects seeing as these properties are defined by a precise
metabolic background at a given moment [16, 17]. What
we observed in T2D patients with poor metabolic control
conflicts with the results from patients with adequate meta-
bolic control, demonstrating that metabolic conditions must
be considered when studying CETP and cardiovascular risk.

In conclusion, we observed no correlation between
carotid IMT and CETP activity in T2D patients with poor
metabolic control, contrary to what has been shown in T2D
patients with good metabolic control. We showed that dis-
ease duration, which reflects accumulated metabolic abnor-
malities, influences the development of atherosclerotic dis-
ease, potentially blunting the potential effect of CETP on
atherosclerosis, particularly in T2D patients with poor meta-
bolic control. Metabolic control has to be taken into account
before positive or negative effect of cholesteryl ester transfer
on cardiovascular risk can be measured. The mechanisms
underlying the lack of association between CETP activity
and carotid IMT in T2D patients with poor metabolic control
remain unknown.
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