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ABSTRACT

Objective: The levels of plasma preB-HDL increase as the stages of chronic kidney disease (CKD) progress. Epicardial
adipose tissue (EAT) increases the risk of cardiovascular incidents in patients with moderate to severe CKD. The aim of
our study was to compare the levels of plasma pref1-HDL with the EAT thickness on transthoracic echocardiography in
patients with CKD (stage 3-5).

Methods: Forty-four patients with CKD and 44 healthy volunteers (control group) were included in the study. Plasma pref31-
HDL was measured with ELISA (enzyme-linked immunosorbent assay) method in both groups. EAT thickness (both systole
and diastole) was evaluated by the same cardiologist on the transthoracic echocardiographic method only in the patient
group. P <.05 was accepted as statistically significant.

Results: The mean plasma pref1-HDL level was higher in the patient group compared to the control group but did not
reach statistical significance. It was determined that the level of mean pref1-HDL was increased in CKD patients as the
stages progress but the result was not statistically significant. When the level of mean plasma pref31-HDL and EAT thickness
of CKD patients were compared, a statistically significant and negative correlation was determined (P = .013, r = —0.398;
P =.006, r = —0.441, respectively, for systole and diastole).

Conclusion: We determined a statistically significant and negative relationship between the levels of plasma pref31-HDL
and EAT thickness in CKD patients.
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INTRODUCTION

In the general population, increased high-density lipo-
protein cholesterol (HDL-C) levels are associated with
reduced cardiovascular risk. Lower serum HDL choles-
terol levels are common among patients with chronic
kidney disease (CKD) and end-stage renal disease
(ESRD), but it is known that low HDL-C does not increase
the risk of cardiovascular disease in these patients after
adjustment for conventional risk factors.® The associa-
tion of HDL-C molecule with cardiovascular outcomes
depends on both the serum concentration and the
properties of the molecule. Therefore, studies aimed
at examining the relationship between HDL-C and
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cardiovascular disease risk should consider the effect
of this molecule as a whole (quantity and various prop-
erties) on atherosclerosis.?

Both alpha (a) and pre-beta (pre-
B1 and pre-32) subtypes of HDL molecule have been
defined.® The pre-B1-HDL is regarded as the first
receptor of cellular cholesterol and thus it is impor-
tant for reverse cholesterol transport.* Pre-f1-HDL
contains apolipoprotein A-I, phospholipid, and a small
amount of free cholesterol.> Among all the subtypes
of HDL, the prep1 has more anti-atherogenic charac-
teristics than the others.’ In hemodialysis patients,
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the transformation of lecithin cholesterol acyltransferase
(LCAT) from prep1-HDL to alpha-migrating HDL delays due to
the decrease in enzyme activity, and because of this, the lev-
els of plasma pre1-HDL increase. Furthermore, it was deter-
mined that plasma levels of preB1-HDL were significantly
elevated in non-dialyzed patients with advanced stages of
CKD. The level of preff1-HDL increases as the estimated glo-
merular filtration rate (eGFR) decreases.®’

The epicardial adipose tissue (EAT) is between the visceral leaf of
the myocardium and pericardium. EAT, which has a more active
fatty-acid metabolism than other ectopic adipose tissues, is the
site of synthesis of both cardioprotective and pro-inflammatory
cytokines.® As it is in the visceral adipose tissue, the risk of car-
diovascular disease might increase as ectopic fat deposition
increases.’ Moreover, EAT increases the risk of cardiovascular
incidents in patients with moderate to severe CKD, indepen-
dently from general adiposity.!® Serum total cholesterol, low-
density lipoprotein cholesterol (LDL-C), HDL-C, and triglyceride
levels were found to be independent variables in predicting EAT
thickness in hemodialysis patients.!* It is unknown whether
plasma pref31-HDL has an independent predictive effect on
EAT thickness in patients with CKD. The aim of our study was to
compare the levels of plasma pref1-HDL with EAT thickness on
transthoracic echocardiography in patients with CKD stage 3-5.

MATERIALS AND METHODS

Participants

Forty-four patients (18 females, 26 males) with CKD, ran-
domly selected among the patients who followed in the
nephrology clinic between April 2017 and November 2018,
were included in our study. Twenty-eight of the patients had
hypertension, 2 had autosomal dominant polycystic kidney
disease, 1 had amyloidosis, 2 had chronic glomerulonephri-
tis, 1 had obstructive nephropathy, and 10 had an unknown
etiology. The patients aged 18-80 years with CKD (stage 3-5,
eGFR < 60 mL/min/1.73 m?) and admitted to the outpatient
clinicwereincludedin the study. The patients were not selected
consecutively. Due to echocardiography and laboratory proce-
dures, a maximum of 3 person per day could be included in the
study. Because there is a link between cardiovascular disease
and plasma pref1-HDL/EAT, the patients with malignancy or
known cardiovascular disease, such as stable angina pecto-
ris history of by-pass, or angiography with or without stent

Main Points

The mean plasma preB1-HDL level was higher in the patients
with CKD compared to the healthy volunteers, but did not reach
statistical significance. The level of mean plasma pref1-HDL
increased in CKD patients as the stage progressed, but the differ-
ence was not statistically significant. There is a statistically sig-
nificant and negative relationship between plasma prep1-HDL
levels and EAT thickness in CKD patients.
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replacement or cerebrovascular disease, pregnancy, nephrotic
syndrome, diabetes mellitus and the usage of antihyperlipid-
emic or immunosuppressive drugs were accepted as the exclu-
sion criteria. As a control group, 44 healthy volunteers who
are relatives of the patients (19 females, 25 males) were also
included in the study.

Informed Consent

Informed consent was obtained from each participant after
receiving approval for the study from Canakkale Onsekiz Mart
University Clinical Research Ethics Committee (Approval date:
28.12.2016, project no: 2016/23).

Study Design

Ten milliliters of blood samples were withdrawn from all the par-
ticipants in the early hours of the morning, followed by fasting
for 12 h, and the samples were studied in the clinical biochemis-
try laboratory. The levels of serum biochemical parameters and
plasma pref31-HDL were analyzed in the same laboratory. The
EAT thickness (systole and diastole) was measured on transtho-
racic echocardiography of each patient by the same cardiolo-
gist (EA), simultaneously with the biochemical analysis, and the
results were recorded. eGFR measurement of each patient was
conducted in accordance with the CKD epidemiology collabora-
tion equation.*

Laboratory Analysis

Blood samples were transferred to vacuum gel tubes for
serum creatinine, total cholesterol, triglyceride, LDL-C, HDL-
C, and albumin. Additionally, blood samples were trans-
ferred to ethylene diamine tetraacetic acid (EDTA) tubes for
hemogram test. After the samples in the gel tubes were kept
at room temperature for 30 min, they were centrifuged for
10 min at 4000 rpm. The levels of serum creatinine, total cho-
lesterol, triglycerides, LDL-C, and HDL-C were studied with
the enzymatic method, the level of albumin was studied with
the colorimetric method using Roche kits (Roche Diagnostics
GmbH) in Cobas c501 analyzer and a hemogram test was
conducted with Beckman Coulter LH-780 (Beckman Coulter
Ireland Inc Mervue, Galway, Ireland) blood cell count device
on the same day.

For prefl-HDL measurement in plasma, whole blood sam-
ples taken in EDTA tubes were carried on ice and plasma was
separated by centrifugation at 3000 rpm for 15 min at 2-4°C. A
0.1 mL of plasma was taken on ice and mixed with vortex by
adding 2 mL of stabilization buffer. The prepared sample was
kept at —80°C until the experiment. Refreeze and re-dissolve
were not performed. The levels of pref1-HDL in plasma were
measured by using commercial enzyme-linked immunosorbent
assay (ELISA) (Product No:289194, Sekisui Diagnostics GmbH,
Lexington, MA, USA) kits. The results were determined in ELX
808 IU model ELISA reader. Intra-day and inter-day coefficient
of variation values (CV%) for pref1-HDL were <10% and <12%,
respectively.
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Transthoracic Echocardiography

It was conducted on 38 of the CKD patients. Two-dimensional
transthoracic echocardiography was conducted by the same
cardiologist by using a 2.5 MHz transducer (Vivid 7, GE, Medical
Systems) while all the patients were in a lying position on the
left side. All the measurements were conducted throughout at
least 3 consecutive cardiac cycles, during normal respiration
and at the end of expiration. EAT was measured during ven-
tricular systole with the vicinity of the free wall of the right ven-
tricle by taking the aortic annulus as the reference point in the
parasternal long-axis image. Two different EAT thickness mea-
surements (mm) were conducted for systole and diastole.”* The
measurement of EAT thickness on transthoracic echocardiogra-
phy was demonstrated in Figure 1.

Statistical Analysis

The data of the research was electronically transferred to
Statistical Package for the Social Sciences (SPSS) version 25.0
(IBM SPSS Corp.; Armonk, NY, USA) and analysis was conducted
inthis program. In the evaluation of continuous variables, mean,
standard deviation, and the median, minimum, and maximum
values were used. Independent samples t test was used to com-
pare patient and control groups. A Chi-square test was used
to compare gender item between patient and control groups.
For the comparison of CKD stages, the Kruskal-Wallis test, and
to find the source of statistical significance, Mann-Whitney
U test with Bonferroni correction was used. The relationship
between the level of plasma pref1-HDL and EAT thickness of
CKD patients were evaluated with Pearson correlation analysis.
P < .05 was accepted as statistically significant.

RESULTS

Patient and control groups were similar in terms of gender
(P =.829); however, the control group comprised of younger
individuals (average age 51.9 + 17.6 years) than those in the

Figure 1. The measurement of EAT thickness on transthoracic

echocardiography.
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Table 1. Demographic and Clinical Characteristics of CKD Patients
Mean * Standard
Demographic and Clinical Characteristics Deviation
Age (years) 61.6+13.2
EAT thickness (systole, mm) 11.84 +3.86
EAT thickness (diastole, mm) 7.11+2.71
eGFR (mL/min/1.73 m?) 23.93+15.43
Plasma prep1-HDL (ug/mL) 13.17+6.9
Serum total cholesterol (mg/dL) 188.7+55.0
Serum triglyceride (mg/dL) 153.6 +84.7
Serum LDL-C (mg/dL) 126.3+46.4
Serum HDL-C (mg/dL) 445+13.4
Serum creatinine (mg/dL) 3.92+3.28
Serum albumin (g/dL) 4.35+0.56
Hemoglobin (g/dL) 11.9+1.8

patient group and the difference was statistically significant
(P =.005). The mean plasma prep1-HDL level was higher in
the patient group compared to the control group, but did
not reach statistical significance (P = .051). Demographic
and clinical characteristics of CKD patients were given in
Table 1.

CKD patients were separated into 3 subgroups according to their
eGFR measurements [stage 3 (eGFR: 59-30 mL/min/1.73 m?
n=17), stage 4 (eGFR: 29-15 mL/min/1.73 m? n = 12), and stage
5 (eGFR < 15 mL/min/1.73 m?, n = 15), P = .0001]. It was found
that the level of mean plasma pref1-HDL increased in CKD
patients as stage progressed, but the difference was not statisti-
cally significant (P=.1).

Echocardiography could not be performed in 6 patients due
to compliance problems. When subgroups were evaluated in
terms of EAT thickness, statistically significant results were
found (P =.027, P = .01, respectively, for systole and diastole).
When stage 3-4 and stage 4-5 patients were evaluated in terms
of EAT thickness, no statistically significant results were found
(P > .016 for both systole and diastole). The mean EAT thick-
ness of stage 5 CKD patients was found to be lower than that of
stage 3 patients, and the results were found statistically signifi-
cant (P =.015, P = .004, respectively, for systole and diastole).
Comparison of demographic findings and plasma pref31-HDL
levels of patient subgroups and the control group were given
in Table 2.

When the level of mean plasma pref1-HDL and EAT thickness
of CKD patients were compared, a statistically significant and
negative relationship was determined (P = .013, r = —0.398;
P =.006, r = —0.441, respectively, for systole and diastole).
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Table 2. Comparison of Demographic Findings and Plasma Pref31-HDL Levels of Patient Subgroups and the Control Group

CKD Stage 3 (n=17) | CKD Stage4 (n=12) | CKD Stage5(n=15) | Control Group (n = 44)
Median (Min-Max) Median (Min-Max) Median (Min-Max) Median (Min-Max) P
Male/female 12/5 7/5 7/8 25/19 .585*
Age (years) 65 (38-74) 65.5 (45-79) 62 (25-78) 55.5(18-76) .04**
eGFR (mL/min/1.73 m?) 41 (30-58) 19 (15-24) 8 (3-14) .0001**
EAT thickness (systole, mm) 11,5(9-19) 14 (7-19) 9 (6-16) 027
EAT thickness (diastole, mm) 8(5-12) 8.5 (4-15) 4.5 (3-10) .01**
Plasma preB1-HDL (ug/mL) 11.29 (4.37-18.15) 11.04 (7.68-19.59) 14.1 (0.1-36.73) 11.51 (2.08-19.1) .106**

min, minimum; max, maximum, P, chi-square test; **Kruskal-Wallis test.

DISCUSSION

In our study, we conducted pref1-HDL measurement with
ELISA in the plasma of stage 3-5 CKD patients and healthy vol-
unteers. Although the mean pref31-HDL levels were higher in
the patient group, this did not reach statistical significance.
In CKD, as the eGFR decreases, the level of plasma pref1-HDL
increases.®’ It was determined that the levels of mean plasma
preP1-HDL were increased in CKD patients as the stages pro-
gressed, but the results were not statistically significant.

There are several studies in the literature on the measurement
of prep-HDL in plasma with the two-dimensional gel electro-
phoresis method.***> Two-dimensional gel electrophoresis is
the gold standard technique.>!®* However, because the method
is expensive and requires more time and advanced techni-
cal competence, it is not convenient for common use in clini-
cal laboratories.> However, plasma pref1-HDL measurement
can be conducted with the ELISA method as well.>*>" ELISA is
a precise and repeatable method for plasma pref31-HDL mea-
surement.® Studies that compared ELISA and two-dimensional
gel electrophoresis for the measurement of plasma pref31-HDL
demonstrated that the results were coherent with each other;
however, the measurements that were conducted with ELISA
were found to be two-thirds lower than the other method.
This difference may depend on interpreting apolipoprotein A-|
inadequately in the ELISA method and excessively in the other
method.>* In our study, we used the ELISA method for the
plasma pref1-HDL measurement in CKD patients.

In CKD patients, pref1-HDL increases and HDL levels decrease
due to a decrease in LCAT enzyme activity.® The separation
of apolipoprotein A-l from HDL with the effect of cholesterol
ester transfer protein (CETP) increases the formation of pref31-
HDL.®® Phospholipid transfer protein (PLTP) also contributes
to the formation of pre31-HDL." It was determined that LCAT
and apolipoprotein A-l concentrations were decreased in
patients with hemodialysis but CETP and PLTP concentration
and activity did not change.?® In human studies, lipoprotein
lipase deficiency has been shown to worsen atherosclerotic

outcomes.”* Pref31-HDL is an inhibitor for lipoprotein lipase
enzyme. This may explain the reduced serum level and impaired
function of HDL-C in CKD.*

The volume of EAT increased in CKD patients.! The volume of
EAT can be measured with multidetector computed tomogra-
phy. Moreover, the EAT thickness can be measured with echo-
cardiography.’ In our study, both systole and diastole EAT
thickness of CKD patients were calculated on transthoracic
echocardiography by the same cardiologist. In our study, there
was a difference between CKD groups in terms of EAT thick-
ness. This difference was due to the lower EAT thickness of
stage 5 CKD patients. A study with similar results in this regard
is available in the literature.’® However, EAT thickness has been
reported to be increased in hemodialysis patients compared to
the pre-dialysis group.” Most patients with stage 2-4 CKD have
been reported to die before starting dialysis.* This may explain
why patients with stage 5 CKD who survived the previous stages
had lower EAT thickness.

Paraoxonase (PON-1) and LCAT are enzymes involved in HDL
metabolism. The activity of these 2 enzymes decreases in CKD.
As aresult, both plasma prep1-HDL levels increase and the anti-
oxidative activity of HDL particles is impaired.” In hemodialysis
patients, a significant negative correlation was found between
PON-1 activity and EAT thickness.!* We determined a statisti-
cally significant and negative relationship between the levels
of plasma pref1-HDL and transthoracic EAT thickness in CKD
patients. This result may be due to impaired HDL metabolism
in CKD.

In our study, the control group was formed from healthy and
voluntary people who are relatives of the patients. Therefore,
there was a significant age difference between the patient and
control groups. The control group consisted of younger indi-
viduals than the patient group. There is a negative but not sta-
tistically significant relationship between plasma pref31-HDL
level and age.” No statistically significant difference in mean
preB1-HDL levels between patient and control groups may be
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because of the lower mean age of the control group compared
to the other group.

Apolipoprotein A-l, phospholipid and a small amount of free
cholesterol are parts of the pre1-HDL molecule.® EAT may have
a potential role in the physiopathology of several metabolic
and cardiovascular diseases. Higher levels of apolipoprotein
A-l are released from EAT compared to subcutaneous adipose
tissue. In coronary artery disease, a lower amount of apolipo-
protein A-l is released from EAT.? Pre31-HDL or apolipoprotein
A-l released from EAT in CKD are unknown. However, coronary
artery disease is common in CKD.?” EAT thickness increases in
both CKD and coronary artery disease.!*?® EAT increases the risk
of cardiovascular incidents in patients with moderate to severe
CKD, independently from general adiposity.!° Patients known
to have coronary artery disease were not included in our study.
However, silent myocardial ischemia is common in patients
with CKD.® In our study, a negative correlation was found
between plasma prep1-HDL and EAT thickness in patients with
CKD (stage 3-5). This may be due to insufficient apolipoprotein
A-l release by EAT in this population.

There were certain factors that limited our study. The analysis
of other particulates such as plasma apolipoprotein A-l and M,
except for pref1 of HDL-C particulates (amount and size) and
PON-1 activity was not conducted. LCAT enzyme level and
serum capacity to induce ATP-binding cassette transporter-
1-mediated cholesterol efflux was not examined. The num-
bers of patients and healthy volunteers were kept low. Since
two-dimensional gel electrophoresis was not used, the results
of both methods (two-dimensional gel electrophoresis and
ELISA) could not be compared.

CONCLUSIONS

Our study demonstrated that plasma pre1-HDL levels were
higher in CKD (stage 3-5) patients compared with healthy con-
trols and that pref1-HDL was inversely correlated with EAT
thickness in this population.

Ethics Committee Approval: Ethics committee approval was received
from the Clinical Research Ethics Committee of Canakkale Onsekiz
Mart University (Date: December 28, 2016; Number: 2016-23).

Informed Consent: Written informed consent was obtained from all
participants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept-S.B.,D.U.C.,E.A., E.U.C.; Design - S.B.,
D.U.C., E.A,; Supervision - S.B., D.U.C.; Resource - S.B., D.U.C., EA;
Materials - S.B., D.U.C., E.A., E.U.C.; Data Collection and/or Proccessing
-S.B., D.U.C., E.A,, E.U.C.; Analysis and/or Interpretation - S.B., D.U.C.,
E.A., E.U.C; Literature Search - S.B., E.U.C.; Writing - S.B., D.U.C., EA,,
E.U.C.; Critical Reviews - S.B., D.U.C., E.A., E.U.C.

Turk J Nephrol 2021; 30(2): 124-129

Acknowledgments: We would like to thank Coskun Bakar for statisti-
cal analysis (Canakkale Onsekiz Mart University School of Medicine,
Division of Public Health).

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Ferro CJ, Mark PB, Kanbay M, et al. Lipid management in patients
with chronic kidney disease. Nat Rev Nephrol. 2018;14(12):727-
749. [CrossRef]

2. ChangTI, Streja E, Moradi H. Could high-density lipoprotein cho-
lesterol predict increased cardiovascular risk? Curr Opin Endo-
crinol Diabetes Obes. 2017;24(2):140-147. [CrossRef]

3. Wrdblewska M. The origin and metabolism of a nascent pre-f3 high
density lipoprotein involved in cellular cholesterol efflux. Acta Bio-
chim Pol. 2011;58(3):275-285. [CrossRef]

4. Fielding CJ, Fielding PE. Molecular physiology of reverse choles-
terol transport. J Lipid Res. 1995;36(2):211-228. [CrossRef]

5. Miida T, Miyazaki O, Nakamura Y, et al. Analytical performance of
a sandwich enzyme immunoassay for pref 1-HDL in stabilized
plasma. J Lipid Res. 2003;44(3):645-650. [CrossRef]

6. CalabresiL,SimonelliS,ConcaP,etal. Acquired lecithin:cholesterol
acyltransferase deficiency as a major factor in lowering plasma
HDL levelsin chronic kidney disease. J Intern Med. 2015;277(5):552-
561. [CrossRef]

7. Kuchta A, Cwiklidska A, Czaplifiska M, et al. Plasma levels of prep1-
HDL are significantly elevated in non-dialyzed patients with
advanced stages of chronic kidney disease. Int J Mol Sci.
2019;20(5):1202. [CrossRef]

8. Nohara A. Epicardial adipose tissue as a predictor of plaque vul-
nerability in patients with mild chronic kidney disease. Circ J.
2016;80(1):64-66. [CrossRef]

9. Neeland 1J, Ross R, Després JP, et al. Visceral and ectopic fat, ath-
erosclerosis, and cardiometabolic disease: a position statement.
Lancet Diabetes Endocrinol. 2019;7(9):715-725. [CrossRef]

10. Cordeiro AC, Amparo FC, Oliveira MA, et al. Epicardial fat accumu-
lation, cardiometabolic profile and cardiovascular events in
patients with stages 3-5 chronic kidney disease. J Intern Med.
2015;278(1):77-87. [CrossRef]

11. Abdallah E, El-Shishtawy S, Sherif N, Ali A, El-Bendary O. Assess-
ment of the relationship between serum paraoxonase activity and
epicardial adipose tissue in hemodialysis patients. Int Urol Neph-
rol. 2017;49(2):329-335. [CrossRef]

12. https://kidney.org/professionals/kdoqi/gfr_calculator.cfm.

13. Eroglu S. How do we measure epicardial adipose tissue thickness
by transthoracic echocardiography? Anatol J Cardiol.
2015;15(5):416-419. [CrossRef]

14. van Capelleveen JC, Kastelein JJ, Zwinderman AH, et al. Effects of
the cholesteryl ester transfer protein inhibitor, TA-8995, on choles-
terol efflux capacity and high-density lipoprotein particle sub-
classes. J Clin Lipidol. 2016;10(5):1137.e3-1144.e3. [CrossRef]

15. Kempen HJ, Asztalos BF, Moerland M, et al. High-density lipopro-
tein subfractions and cholesterol efflux capacities after infusion of


https://doi.org/10.1038/s41581-018-0072-9
https://doi.org/10.1097/MED.0000000000000318
https://doi.org/10.18388/abp.2011_2237
https://doi.org/10.1016/S0022-2275(20)39898-9
https://doi.org/10.1194/jlr.D200025-JLR200
https://doi.org/10.1111/joim.12290
https://doi.org/10.3390/ijms20051202
https://doi.org/10.1253/circj.CJ-15-1265
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1111/joim.12344
https://doi.org/10.1007/s11255-016-1465-y
https://kidney.org/professionals/kdoqi/gfr_calculator.cfm
https://doi.org/10.5152/akd.2015.5991
https://doi.org/10.1016/j.jacl.2016.06.006

Turk J Nephrol 2021; 30(2): 124-129

16.

17.

18.

19.

20.

21.

22.

MDCO-216 (apolipoprotein A-I milano/palmitoyl-oleoyl-phos-
phatidylcholine) in healthy volunteers and stable coronary artery
disease patients. Arterioscler Thromb Vasc Biol. 2016;36(4):736-
742. [CrossRef]

XuY, Fu M, Liu B, et al. Subclasses of serum HDL in hyperlipidemia.
Sichuan Da Xue Xue Bao Yi Xue Ban. 2003;34(2):238-241.

Shiu SW, Wong Y, Tan KC. Pre-B1HDL in type 2 diabetes mellitus.
Atherosclerosis. 2017;263:24-28. [CrossRef]

Liang HQ, Rye KA, Barter PJ. Dissociation of lipid-free apolipopro-
tein A-1from high density lipoproteins. J Lipid Res. 1994;35(7):1187-
1199. [CrossRef]

Lie J, de Crom R, Jauhiainen M, et al. Evaluation of phospholipid
transfer protein and cholesteryl ester transfer protein as contribu-
tors to the generation of pre beta-high-density lipoproteins. Bio-
chem J. 2001;360(2):379-385. [CrossRef]

Pahl MV, Ni Z, Sepassi L, Moradi H, Vaziri ND. Plasma phospholipid
transfer protein, cholesteryl ester transfer protein and
lecithin:cholesterol acyltransferase in end-stage renal disease
(ESRD). Nephrol Dial Transplant. 2009;24(8):2541-2546. [CrossRef]
Geldenhuys WJ, Lin L, Darvesh AS, Sadana P. Emerging strategies
of targeting lipoprotein lipase for metabolic and cardiovascular
diseases. Drug Discov Today. 2017;22(2):352-365. [CrossRef]

Rysz J, Gluba-Brzdzka A, Rysz-Gorzynska M, Franczyk B. The role
and function of HDL in patints with chronic kidney disease and the
risk of cardiovascular disease. Int J Mol Sci. 2020;21(2):601.
[CrossRef]

23.

24,

25.

26.

27.

28.

29.

Bakirdogen et al. Pref1-HDL and EAT Thickness

Karatas A, Canakci E, Bektas O, et al. Relationship of epicardial fat
tissue thickness with oxidant biomarkers in chronic kidney dis-
ease. Bratisl Lek Listy. 2018;119(9):566-571. [CrossRef]

Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH. Longitudi-
nal follow-up and outcomes among a population with chronic
kidney disease in a large managed care organization. Arch Intern
Med. 2004;164(6):659-663. [CrossRef]

O’Connor PM, Zysow BR, Schoenhaus SA, et al. Prebeta-1 HDL in
plasma of normolipidemic individuals: influences of plasma lipo-
proteins, age, and gender. J Lipid Res. 1998;39(3):670-678.
[CrossRef]

Salgado-Somoza A, Teijeira-Fernandez E, Fernandez AL, Gonzalez-
Juanatey JR, Eiras S. Changes in lipid transport-involved proteins
of epicardial adipose tissue associated with coronary artery dis-
ease. Atherosclerosis. 2012;224(2):492-499. [CrossRef]

Sarnak MJ, Amann K, Bangalore S, et al. Chronic kidney disease
and coronary artery disease: JACC state-of-the-art review. J Am
Coll Cardiol. 2019;74(14):1823-1838.

Wu FZ, Chou KJ, Huang YL, Wu MT. The relation of location-specific
epicardial adipose tissue thickness and obstructive coronary
artery disease: systemic review and meta-analysis of observa-
tional studies. BMC Cardiovasc Disord. 2014;14:62. [CrossRef]
Farag AA, AlJaroudi W, Neill J, et al. Prognostic value of silent myo-
cardial infarction in patients with chronic kidney disease being
evaluated for kidney transplantation. Int J Cardiol. 2017;249:377-
382. [CrossRef]

129


https://doi.org/10.1161/ATVBAHA.115.307052
https://doi.org/10.1016/j.atherosclerosis.2017.05.031
https://doi.org/10.1016/S0022-2275(20)39962-4
https://doi.org/10.1042/0264-6021:3600379
https://doi.org/10.1093/ndt/gfp120
https://doi.org/10.1016/j.drudis.2016.10.007
https://doi.org/10.3390/ijms21020601
https://doi.org/10.4149/BLL_2018_102
https://doi.org/10.1001/archinte.164.6.659
https://doi.org/10.1016/S0022-2275(20)33304-6
https://doi.org/10.1016/j.atherosclerosis.2012.07.014
https://doi.org/10.1186/1471-2261-14-62
https://doi.org/10.1016/j.ijcard.2017.09.175

