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Abstract

Background: Chronic kidney disease (CKD) is becoming a major public health problem worldwide, with a
high prevalence in developing countries. C-C Motif Chemokine Ligand 2 (CCL2), also known as monocyte
chemotactic protein-1 (MCP-1) can be produced by a variety of cells, reaching increased levels in dyslipidemic
patients.Aim: The present study was to identify the relation between dyslipidemia and CCL2 in patients
undergoing hemodialysis.Subjects and methods: This case-control study was conducted on 80 subjects: 60
hemodialyzed patients who were recruited from the Nephrology Department and Renal Dialysis Unit at Benha
University Hospital and 20 apparently healthy controls. All participants were subjected to full history taking,
complete clinical examination, and laboratory investigations including lipid profile and CCL2 were measured.
The association between CCL2 levels and dyslipidemia was investigated using linear regression, adjusted for
classic and non-classical CVD risk factors.Results: A significant association was observed between CCL2 levels
and dyslipidemia (P<0.001), even after adjustment for possible confounding variables, such as age and gender
(P=0.001), as well as, predictor after adjustment with body mass index, diabetes mellitus, HD time, and urea
(P<0.001). Conclusion: Our study suggests that CCL2 levels may contribute to the development of
cardiovascular disease in HD patients by promoting dyslipidemia. Through a better understanding of this
pathogenesis, new therapeutic targets could be discovered to reduce cardiovascular complications for these

patients.
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1. Introduction

Hemodialysis (HD) is linked to a higher risk
of cardiovascular disease, such as a heart attack,
stroke, or congestive heart failure [1]. In individuals
with chronic kidney disease (CKD) in HD, the
death rate from ischemic heart disease was 5-10
times greater than in the general population [2].
Cardiovascular disease (CVD) is recognized to be
linked to a number of risk factors; including
dyslipidemia, uremia, oxidative stress, endothelial
dysfunction, diabetes, and an inflammatory state
[3]. Dylipidemia is characterised by changes in the
concentration of one or more lipids/lipoproteins
present in the blood [triglycerides (TG), total
cholesterol (TC), high density lipoproteins (HDL),
and low-density lipoproteins (LDL)] and is thought
to be linked to the development of CVD [1].
Dyslipidemia causes endothelial dysfunction, which
increases the permeability of the intima to plasma
lipoproteins, favoring their retention in the
subendothelial space. Retained LDL particles
undergo oxidation. Oxidized LDL-c stimulates the
endothelial cells expression of vascular adhesion
molecules such as intercellular adhesion molecule-1
(ICAM-1), vascular adhesion molecule-1 (VCAM-
1), P and E-selection [4]. The attraction of
monocytes and lymphocytes to the intima of the
artery wall is mediated by adhesion molecules.
Monocytes travel into the subendothelial region,
where they differentiate into macrophages, which
then collect oxidized LDL, triggered by
chemotactic proteins such as C-C Motif Chemokine
Ligand 2 (CCL2), also known as monocyte

chemotactic protein-1(MCP-1) and interleukin-8
(IL-8) [5]. These macrophages engulf the oxidized
LDL and become lipid-laden, giving them a foamy
look and making fatty streaks possible [6]. Once
activated, macrophages play a major role in the
progression of atherosclerotic plaques by secreting
cytokines [IL-1, tumor necrosis factor (TNF-),
transforming growth factor-1(TGF-1)] that increase
inflammation, smooth muscle cell proliferation and
proteolytic enzymes that degrade collagen and other
local tissue components [7]. A number of
mesenchymal cells, including glomerular cells, can
generate CCL2. The link between CCL2 levels and
glomerular disease could be due to alterations
associated with CKD as well as the glomerular
lesion itself. In patients with glomerular disorders,
there was a link between CCL2 levels in the urine
and cholesterol and triglyceride levels. Renal
impairment is known to be caused by an excess of
cellular lipids [8, 9]. Therefore, this study aimed to
identify the relation between dyslipidemia and
CCL,; in patients undergoing hemodialysis.

2. Subjects and methods

This case control study was conducted on 80
subjects who were recruited during the period from
May 2021 to December 2021. The study was
conducted in the Immunology Unit, Department of
Clinical and Chemical Pathology, Faculty of
Medicine, Benha University. Subjects were divided
into two groups: Group | (patient group): It
included 60 patients with chronic kidney disease
(CKD) undergoing HD. Their mean age was
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(51.3£12.2) years and they were 39 males (65%)
and 21 females (35%) and Group Il (control
group): It included 20 apparently healthy control
subjects. Their mean age was (52.3+10.9) years,
and they were 11 males (55%) and 9 females
(45%). Inclusion criteria: Patients age from 50 to 70
years old with minimum 6-month HD time. Their
diagnosis was based on Kidney Disease Improving
Global Outcomes (KDIGO) clinical practice
guidelines for chronic kidney disease which
provided evidence based guidelines for all stages of
chronic kidney diseases [10]. Exclusion criteria:
According to the clinician who examined the
subjects, none of them had liver diseases, tumors,
systemic lupus erythematosus (SLE),
coagulopathies, vasculitis, acute disease, history of
renal transplantation, serum positive for HIV and
pregnancy. Ethical consideration: Ethical
permission for the study was obtained from all
subjects after fully informed about all study
procedures and their consent was obtained prior to
enrollment in the study. This study was approved
by the Ethical Committees of Benha Faculty of
Medicine, Benha University.

Both groups were subjected to the following:

1. Full history taking including: age, sex, HD
duration, primary cause of CKD, and presence
of diabetes.

2. Thorough physical and clinical examination

including:

3. body mass index (BMI): was calculated as
weight in kilograms divided by the squared of
height in meters (kg/m?). Blood pressure was
measured while the patients were in seated and
relaxed position [11].

Laboratory measurement

Blood sampling

Five milliliters of venous blood sample were
collected from subjects who were fasted for 12
hours under complete aseptic conditions. The
samples were collected in plain tubes, allowed to be
clot for 20 minutes at room temperature and
centrifuged at 1300 rpm for 20 minutes. Serum was
separated and used for measurement of creatinine,
urea, lipid profile, fasting blood sugar ( FBS), and
CCL2. Serum was stored at -40° C till analysis.

Routine laboratory investigations:

Clinical chemistry tests were done using Bio-
system A15 auto-analyzer, Spain. Investigations
include: FBS [12], creatinine [13]; urea [14]; lipid
profile including TC [15], HDL-c [16], triglycerides
[17], to characterize the presence of dyslipidemias.
Dyslipidemia was defined as TC>200 mg/dl, or
TG >150 mg/dl, or LDL-C > 130 mg/dl, or HDL-
C<40mg/dl (for men) and HDL-C<50 (for
women) [18].

While LDL-c was calculated using the

following equation (The TG value was less than
400 mg/dl) [19]:

LDL=TC—- HDL —

Creatinine clearance was calculated using the
following equation [13]:

Triglyceride

Creatinine cl UV 1
reatinine clearance = P X 1440

U, V, and P were the urine creatinine level
(mg/dl), the urine volume in 24 hours, and the
plasma.

Creatinine level respectively. A 24-hour
urine collection was done by collecting midstream
urine in a special container over a full 24-hour
period. The container must be kept cool in the
refrigerator until the urine is returned to the lab
[13].

Measurement of CCL2 levels

Using the enzyme-linked immunosorbent
assay (ELISA), (Human Monocyte Chemotactic
Protein 1 ELISA Kit (MCP1l), Catalog No.
RK00052, ABclonal Biotechnology Co., Ltd,
Woburn, England. This assay employs the
quantitative  sandwich enzyme immunoassay
technique. An antibody specific for human MCPI
has been pre-coated onto a micro-plate. Standards
and samples were pipetted into the wells and MCPI
was bound by the immobilized antibody. A
detection antibody specific for MCPI binded to the
combination of capture antibody MCPI in sample
then enzyme conjugate was added. Following
incubation and wash steps, a substrate solution was
added to the wells and color developed in
proportion to the amount of MCPI bound in the
initial step. The color development was stopped and
the absorbance was measured. A standard curve
was created by plotting the mean absorbance for
each standard on the Y-axis against the
concentration on the X-axis and draw a best fit
curve through the points on a log/log graph [20].

3. Statistical analysis

The collected analyzed to a PC using Statistical
package for Social Science (SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp,
2017.). Mean, Standard deviation (x SD) used for
parametric numerical data, while used Median and
range for non-parametric  numerical data.
Kolmogorov Smerinov test, Student T Test,
ANOVA, Mann Whitney Test (U test), Kruskal-
Wallis test, Chi-Square test and Fisher’s exact test
were used. Correlation analysis: To assess the
strength of association between two quantitative
variables. The ROC curve (receiver operating
characteristic) provides a useful way to evaluate the
sensitivity and  specificity for quantitative
diagnostic measures that categorize cases into one
of two groups. The optimum cut off point was
defined as that which maximized the AUC value.
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AUC is that a test with an area greater than 0.9 has
high accuracy, while 0.7-0.9 indicates moderate
accuracy, 0.5-0.7, low accuracy and 0.5 a chance
result. Odds ratio and 95% confidence interval were
calculated. P value is considered significant if
<0.05 at confidence interval 95%.

4. Results

Hemodialyzed patients were significantly
associated with lower BMI, and higher SBP when
compared to the control group (p=0.001, 0.024
respectively). In contrast, DBP didn't differ
significantly between both groups.

Regarding laboratory findings; hemodialyzed
cases had significantly higher TC, TG, LDL-c,
FBS, creatinine, urea, and significantly lower
creatinine clearance when compared to the control
group (p<0.001, =0.017, <0.001, =0.001, <0.001,
<0.001, <0.001 respectively) Table (1).

In hemodialyzed cases, 76.7% are dyslipidemic
and 23.3% are non-dyslipidemic; while in the
control group, 25% are dyslipidemic and 75% are
non-dyslipidemic. A higher  proportion  of
dyslipidemia was significantly associated with
hemodialyzed cases when compared to the control
group (p<0.001) Fig (1). hemodialyzed cases had
significantly higher CCL2 when compared to the
control group (mean=1491.1 wversus 950.4,
p<0.001) Fig (2).

Regarding dyslipidemic subjects,
hemodialyzed patients had higher CCL2 when
compared to the control group (mean CCL2=1666.1
pg/ml versus 1170.2 pg/ml, p<0.001). In non-
dyslipidemic subjects, hemodialyzed patients had
higher CCL2 when compared to the control group
(mean CCL2=915.9 pg/ml vs 877.1 pg/ml,
p=0.005). Regarding  hemodialyzed  cases,
dyslipidemic cases had higher CCL2 when
compared to non-dyslipidemic cases (mean
CCL2=1666.1 pg/ml versus 915.9 pg/ml, p=0.008).
Dyslipidemic cases in the control group had non-
significantly higher CCL2 when compared to non-
dyslipidemic cases (mean CCL2=1170.2 pg/ml

versus 877.1pg/ml, p>0.05) Table (2).

ROC curve of CCL2 level was conducted for
discrimination between hemodialysis cases and the
control group. CCL2 showed moderate accuracy
AUC (AUC=0.836). At the best cut-off value of
1060 (pg/ml), sensitivity was 80%, specificity was
85%, PPV was 94.1%, NPV was 58.6% and
accuracy was 81.3% Table (3).

ROC curve of CCL2 level was conducted for
discrimination between dyslipidemia and non-
dyslipidemia among all studied subjects. CCL2
showed high accuracy AUC (AUC=0.972). At the
best cut-off value of 1268 (pg/ml), sensitivity was
92.2%, specificity was 86.2%, PPV was 92.2%,
NPV was 86.3% and accuracy was 90% Table (3).

In addition, the ROC curve of CCL2 level was
conducted for discrimination between dyslipidemia
and non-dyslipidemia among hemodialyzed
patients. CCL2 showed high accuracy, AUC
(AUC=0.968). At the best cut-off value of 1278
(pg/ml), sensitivity was 87%, specificity was 100%,
PPV was 100%, NPV was 70.1% and accuracy was
90%. CCL2 was higher than 1278 pg/ml, we can
predict dyslipidemia in CKD cases undergoing
hemodialysis with a sensitivity of 87% and perfect
specificity Table (3).

CCL2 in hemodialyzed patients showed
significant positive correlations with urea, TC, and
LDL-c (p<0.001, =0.001, <0.001 respectively).
Otherwise, no significant correlations were found
between CCL2 and other parameters (p>0.05 for
each) Table (4).

CCL2 was considered a risk predictor in the
crude model (p<0.001, OR>1). Moreover, in
adjusted models, CCL2 was considered a risk
predictor after adjustment with age and gender
(p=0.001, OR>1), as well as, a predictor after
adjustment with BMI, DM, hemodialysis time, and
urea (p<0.001, OR>1). So, CCL2 was considered
an independent risk predictor for dyslipidemia
occurrence in hemodialyzed cases even after
adjustment with other confounders Table (5).

Table (1): Comparison of laboratory data among studied groups.

Hemodialyzed patients

Control N=60
N=20
Cholesterol Mean+SD 144.1 277 194.3 53.2 <0.001
(mg/dl)
TG (mg/dl) Mean+SD 89.0 55 113.0 335 0.017
HDL-c (mg/dl) Mean+SD 57.3 76 61.0 16.5 0.338
LDL-c (mg/dl) Mean+SD 69.0 19.6 109.6 32.4 <0.001
FBG (mg/dI) Mean+SD 89.4 95 141.4 47.7 0.001
Creatinine (mg/dl) Mean+SD 1.1 0.1 9.9 2.9 <0.001
Urea (mg/dl) Mean+SD 30.4 6.3 153.9 46.2 <0.001
Creatinine .
Clearance median, 1025  85-117 72 21466  <0.001
) range
(ml/min)
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Fig (1): Dyslipidemia among studied groups.
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Fig (2): Serum CCL2 level among cases and control group.

Table (2): Comparison of CCL2 level among studied groups stratified by dyslipidemia.

Control hemodialyzed patients pl
N=60
N=20
mean SD mean SD
Non Dyslipidemia (pg/ml) 877.1 174.0 915.9 229.1 0.005
Dyslipidemia (pg/ml) 1170.2 198.0 1666.1 536.0 <0.001
p2 0.610 0.008

P1,comparison between CKD cases and controls.
P2, comparison between nondyslipidemia and dyslipidemia.

Table (3): Validity of serum CCL2 level for discrimination between hemodialyzed cases and control group
(ROC1), dyslipidemia and non-dyslipidemia among all studied subjects (ROC2), and dyslipidemia and non-
dyslipidemia among hemodialyzed cases (ROC3).

(ROC1) (ROC2) (ROC3)
Serum CCL2 Serum CCL2 (pg/ml)  Serum CCL2 (pg/ml)
(pg/ml)
AUC 0.836 0.972 0.968
Cutoff (pg/ml) 1060 1268 1278
Sensitivity (%) 80 92.2 87
Specificity (%) 85 86.2 100
PPV (%) 94.1 92.2 100
NPV (%) 58.6 86.3 70.1
Accuracy (%) 81.3 90 90

AUC, area under curve; ROC, receiver operating curve; PPV, positive predictive value; NPV, negative
predictive value.
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Table (4): Correlations of serum CCL2 level with other parameters among studied hemodialyzed patients.

Hemodialyzed patients

CCL2 (pg/ml)

r p
Age (years) 0.194 0.138
HD duration 0.002 0.989
SBP (mmHg) 0.016 0.904
DBP (mmHg) -0.138 0.292
BMI (kg/m?) 0.039 0.770
Creatinine (mg/dl) 0.161 0.022
Urea (mg/dl) 0.517 <0.001
F.B.S (mg/dl) -0.020 0.880
Creatinine clearance (ml/min) 0.111 0.399
TC (mg/dl) 0.410 0.001
TG (mg/dl) 0.212 0.103
HDL-c (mg/dl) 0.226 0.082
LDL-c (mg/dl) 0.451 <0.001

r, correlation coefficient

Table (5): Regression analysis for prediction of dyslipidemia in hemodialyzed cases.

P OR 95%ClI
CCL2* <0.001 1.005 1.002 1.011
CCL2# 0.001 1.006 1.002 1.010
CCL2$ <0.001 1.006 1.003 1.009

OR, odds ratio; CI, confidence interval. Logistic regression test was used.
*Unavailable analysis (crude model);
#Adjusted for age and sex; $ adjusted for BMI, DM, hemodialysis time, and urea.

5. Discussion

Dialysis is a form of renal replacement therapy.
CKD is defined by at least 3 months of impaired
kidney function or albuminuria [21].

CCL2 upregulation has been receiving
particular interest in its roles in inflammation and
can be produced by a variety of mesenchymal cells,
including glomerular cells. The association between
CCL2 levels and glomerular disease may be related
to changes associated with CKD as well as with
repair in kidney disease progression [22].

In the present study, there is a statistically
significant increase in SBP and decrease in BMI in
hemodialyzed patients when compared to the
control group (p=0.001, 0.024 respectively), while
DBP did not differ significantly between both
groups. It was revealed that higher systolic blood
pressure among males was associated with more
renal function decline than in women [23]. Another
study revealed that factors independently associated
with CKD were age, female gender, BMI, high
waist circumference, hypertension, and
dyslipidemia [24].

As regards the laboratory data among the
studied groups in this research, hemodialyzed
patients had significantly higher TC, TG, LDL-c,
FBS, creatinine, urea, and significantly lower

creatinine clearance when compared to the control
group (p<0.001,=0.017, <0.001, =0.001, <0.001,
<0.001, <0.001 respectively), and another report,
revealed that LDL-c and TG were significantly
higher in the hemodialyzed patients while HDL-c
was significantly lower in the hemodialyzed
patients when compared to control group [25].

It was reported that there was an increase in
TC, LDL-c, VLDL, and TG and a decrease in
HDL-c in all hemodialyzed patients compared to
healthy controls [26]. Either lower or higher TC,
higher LDL-cholesterol, and higher non-HDL
cholesterol were risk factors for renal replacement
therapy (RRT) in stage 3-5 CKD patients. Higher
TC was also significantly associated with rapid
renal progression [27].

According to this study, a higher proportion of
dyslipidemia was significantly associated with
hemodialyzed patients when compared to the
control group (76.7% versus 25%), and this agreed
with another study that showed, the overall
prevalence of dyslipidemia in the hemodialyzed
patients was 60% and was commoner in those who
were 45 years and above [25]. In addition, it was
found that dyslipidemia was present in 45% of the
study cases with CKD and 22.5% in the control
group [28].
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In this study, hemodialyzed patients had
significantly higher CCL2 when compared to the
control group (p<0.001) and this agreed with the
previous studies which found a significant
association of CCL2 levels with CKD in the pre-
hemodialysis stage [29, 30].

It was found that CCL2 serum levels were
significantly higher in patients with diabetic
nephropathy  than those  without diabetic
nephropathy. These results showed that CCL2
serum can be considered a diagnostic biomarker for
the detection of nephropathy in the pre-
hemodialysis stage and will be more accurate when
supplemented with eGFR results [31].

Another study agreed with this study and
demonstrated that levels of CCL2 and its receptor
were higher in hemodialyzed cases than in healthy
controls, referring to a relationship with the
increased risk of developing atherosclerosis in these
patients [32].

CCL2 has shown kidney protective properties
during acute inflammatory response after renal
ischemic/reperfusion injury [33]. CCL2 is the major
cytokine responsible for the recruitment of
monocytes to sites of active inflammation and has
been indicated to play a major role in the
pathogenesis of renal diseases [34]. There is
evidence that glomerular expression of CCL2
correlates with the degree of renal damage [35, 36].

The present study demonstrated that CCL2 in
hemodialyzed patients with dyslipidemia was a
statistically significant increase when compared to
hemodialyzed patients without dyslipidemia
(p=0.008) which agreed with a previous work that
revealed a significantly high level of CCL2 in
dyslipidemic subjects [29].

In this study, hemodialyzed patients with
dyslipidemia had higher CCL2 when compared to
the control group with dyslipidemia (p<0.001)
which agreed with other reports that had shown,
CCL2 plasma levels have been associated with
several traditional cardiovascular risk factors such
as obesity, age, hypercholesterolemia, hypertension,
diabetes, and renal insufficiency [9].

On other hand, another study found that by
comparing the mean CCL2 levels in relation to
those who had and those who did not have
dyslipidemia, it was not possible to observe a
statistically significant difference between them. A
significant association between CCL2 levels and
dyslipidemia was found even after adjustment for
possible confounding factors, such as age, sex,
BMI, DM, time in HD, pre-HD urea, and inter-
dialytic weight gain [29].

According to the present research, the receiver
operating characteristic (ROC1) curve of the CCL2
level was conducted for discrimination between
hemodialyzed patients and the control group. CCL2
showed moderate accuracy, AUC (AUC=0.836). At
the best cut-off value of 1060 (pg/ml), sensitivity

was 80%, specificity was 85%, PPV was 94.1%,
NPV was 58.6% and accuracy was 81.3%. In
addition, the ROC2 curve of CCL2 level was
conducted for discrimination between dyslipidemia
and non-dyslipidemia among all studied subjects.
CCL2 showed high accuracy, AUC =0.972, at best
cut-off value of 1268 (pg/ml), sensitivity was
92.2%, specificity was 86.2%¢ PPV was 92.2%,
NPV was 86.3% and accuracy was 90%. In
addition, the ROC3 curve of CCL2 level was
conducted for discrimination between dyslipidemia
and non-dyslipidemia among hemodialyzed
patients. CCL2 showed high accuracy, AUC
=0.968, at best cut-off value of 1278 (pg/ml),
sensitivity was 87%, specificity was 100%, PPV
was 100%, NPV was 70.1% and accuracy was 90%.
When CCL2 was higher than 1278 pg/ml, we can
predict dyslipidemia in CKD cases undergoing
hemodialysis with a sensitivity of 87% and perfect
specificity.

It was found that the analysis of the receiver
operating characteristic (ROC) curve for diabetic
nephropathy detection showed that the cut-off point
of CCL2 serum was 436 pg/ml with a sensitivity of
83.7 % and a specificity of 84.8 %. The AUC, PPV,
and NPV levels were determined at 0.886, 72%,
and 91.7% respectively [30].

The present study demonstrated that CCL2
showed significant positive correlations with urea,
TC, and LDL-c in hemodialyzed patients. While
another study found that there was no significant
correlation between CCL2 levels with total
cholesterol, HDL-c, LDL-c, VLDL-c, non-HDL
fraction, or triglycerides [29]. On the other hand, a
significant positive correlation was found between
CCL2 and creatinine [37].

In the current study, CVD risk factors (BMl,
DM, HD time, urea, age, and sex) were evaluated
whether they could be confounding the association
obtained between CCL2 levels and dyslipidemia.
CCL2 was considered a risk predictor in the crude
model and after adjustment with age and gender, as
well as after adjustment with BMI, DM,
hemodialysis time, and urea. So, CCL2 was
considered an independent risk predictor for
dyslipidemia occurrence in hemodialyzed cases
even after adjustment with other confounders.

6. Conclusion

In conclusion, our findings show that CCL2
levels are associated with dyslipidemia in
hemodialyzed patients even after adjustment for
possible confounding factors. This finding may
suggest the role of CCL2 in the pathogenesis of
atherosclerotic cardiovascular disease in HD
patients.
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