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Abstract
Peripheral arterial disease (PAD) is substantially prevalent among patients in the end stage of renal disease (ESRD). We
considered factors related to peripheral arterial disease in patients undergoing hemodialysis including the important role of
monocyte chemoattractant protein-1 (MCP-1) serum concentrations. We studied 150 patients in on-line-predilution
hemodiafiltration. Dialysis sufficiency was defined by Kt/V for urea. PAD was defined using clinical criteria, ankle-brachial
index and Doppler ultrasound in the lower limbs. MCP-1 serum concentrations were measured using enzyme-linked
immunoabsorbed assay (ΕLISA). We performed chi-square tests and logistic regression analysis to investigate risk factors
for the prevalence of PAD in these patients including MCP-1 serum concentrations. The patients with manifested PAD had
elevated MCP-1, higher BP, higher arterial stiffness markers, higher markers of malnutrition, uncontrolled metabolic
acidosis, bone disease and lower obtained dialysis adequacy than the patients without PAD. The association between PAD
manifestation and high MCP-1 was found significant (x2= 9.6, p= 0.001). The built logistic regression analysis showed that
the high MCP-1 increased the risk for PAD 3.2 (95% C.I 1.3–8.2) folds after adjustment for confounders. PAD was also
significantly associated with non-administration of vitamin D agents during dialysis (x2= 3.5, p= 0.04).Malnutrition, low-
grade inflammation mainly defined by high MCP-1 serum concentrations, metabolic acidosis and bone disease were
included in significant predictors for peripheral arterial disease in patients undergoing hemodiafiltration. The obtained
dialysis sufficiency and the therapy during dialysis sessions seem to play an additional role in the demonstration of
peripheral vascular disease in these patients.
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Core tips

In this study, we observed a significant association
between high MCP-1 serum concentrations and mani-
fested PAD in dialysis patients and a such finding was
also verified by an adjusted model including traditional
and specific covariates for this population of patients.

High MCP-1 serum levels could be used as a screening
test for the definition of PAD in these patients.
The administration of vitamin D during dialysis may play
an additional role rather than on the regulation of bone
disease in these patients, as we observed a significant
association between non-administration of vitamin D and
manifested PAD, although the bone disease markers were
found to mildly differ between the groups of patients with
and without PAD.

Introduction

Peripheral arterial disease (PAD) is a common manifesta-
tion of atherosclerosis, which is a systemic disease that
affects the vascular system [1]. As a result of the athero-
sclerotic process, narrowing and occlusions occur not only
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in coronary and cerebral arteries, but also in the aorta and in
its branches [2]. Such a condition is called PAD or per-
ipheral arterial occlusive disease. The arterial stenosis of the
lower limbs is generally symmetrical [3]. However, the
distal part of leg and foot is less seriously affected by
atherosclerosis due to collateral development.

Systemic atherosclerosis including PAD progresses with
age, decreases quality of life, life expectancy and causes
overall functional disability including restricted lower
extremity movements. Moreover, the demonstration of PAD
has an important impact on morbidity and mortality, as
individuals with PAD have a 2- to 4-fold higher risk of
myocardial infarction and vascular death [1, 2].

PAD is substantially prevalent among patients in the end
stage of renal disease (ESRD) in comparison to general
population and subjects on hemodialysis are more likely to
develop systemic atherosclerotic disease than individuals
without advanced renal failure [4, 5]. The elevated pre-
valence of systemic atherosclerosis including PAD in dia-
lysis patients may be attributed to a unique combination of
biochemical, endocrine and molecular abnormalities in
these patients due to renal disease. Previously, a few studies
have been reported in the role of the levels of soluble cell
adhesion molecules in order to predict PAD in dialysis
patients [6, 7].

In this study, we considered factors related to the exis-
tence of PAD in patients undergoing permanent hemodia-
filtration including the role of monocyte chemoattractant
protein-1 (MCP-1) serum concentrations.

Material and methods

Patients

This is a cross-sectional study of a cohort of 150 patients,
who were collected from two Medical Centers, “Laiko,
University General Hospital of Athens” and Renal Unit of
“Diagnostic and Therapeutic Center of Athens Hygeia SA”.

A number of 93 males and 57 females were enrolled in
this study, on median age 63.5 ± interquartile range 50–75
years old.

The hemodialysis modality which was applied was on-
line-predilution hemodiafiltration (on-l HDF) in the total
enclosed patients. The median time on hemodialysis was 5
± interquartile range 3–10 years.

We excluded patients with diabetes mellitus as a cause of
renal disease, patients <18 years of age at initiation of
dialysis and patients who had less than 6 months of follow-
up. Patients with dialysis catheter and without regular vas-
cular hemodialysis access and those with infections or
malignancy were not included in this study. We also

excluded the patients with interdialytic weight gain
more than 5% of total body weight, which was calculated as
the mean of 12–13 dialysis sessions during a treatment
month.

The hemodiafiltration treatment was prescribed 3-times
weekly for 4 h per session in the total of participants.
Similar dialysis conditions were applied for all enrolled
subjects, including a dialysis high-flux filter of 1.5 m2 sur-
face area defined by an ultrafiltration coefficient more than
20 ml/h [8] and by the same material synthetic membrane.
The blood flow was equal to 400 ml/min during dialysis and
the dialysate flow rate was 500–600 ml/min. The volume of
replacement liquids was 20 l per session and the sodium
concentration equal to140 mmol/l for all subjects. A
bicarbonate-based ultrapure buffer dialysis solution was
used with a final concentration of bicarbonate in dialysate
equal to 32 mmol/l. The used calcium dialysate concentra-
tion was equal to 1.50–1.75 mmol/l. Dialysis sufficiency
was defined by spKt/V/session (single pool, K: dialyzer
clearance; t: time; V: urea distribution volume) [9]. The
patients, whose the calculated spKt/V/session was <1.2,
were excluded from the study.

The enrolled patients were in a free regular diet and they
did not have interdialytic peripheral edema or interdialytic
orthostatic hypotension.

The patients with pre-dialysis blood pressure more than
130/80 mmHg (n= 56, a prevalence of 37.3%) were con-
sidered hypertensive and they were regularly receiving anti-
hypertensive drugs including calcium channel blockers,
beta-blockers or inhibitors of angiotensin II AT1 receptors.

Thirty-eight of the studied patients were current smokers
(a prevalence of 25.3%), but no one of them had alcohol
intake.

The prevalence of PAD(n= 61, 40.7%) was documented
using the measurement of ankle-brachial blood pressure
index (ABI), the performance of Doppler ultrasound in the
lower limbs and a set of clinical criteria including reduced
or loss ankle pulses on physical examination, symptomatic
intermittent claudication and by a history of a limb artery
revascularization. Cardiac disease was defined as the pre-
valence of left ventricular hypertrophy (LVH, n= 89,
59.3%), coronary artery disease (CAD, n= 50, 33.3%) and
congestive heart failure (CHF). The coronary artery disease
was documented by clinical signs of angina pectoris, a
history of myocardial infarction and coronary artery
angioplasty or bypass surgery. The CHF was defined by
systolic (n= 44, 29.3%) and diastolic dysfunction (n= 105,
70%). The first and the current cardiovascular events during
the study were recorded as one event.

Thirty-nine of the enrolled patients (26%) were preser-
ving a residual renal function and they excreted an inter-
dialytic urine volume more than 100 ml.
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Only calcium-free phosphate binders were prescribed for
the regulation of bone disease. Sixty-eight of our subjects (a
ratio of 45.3%) were treating by intravenous administration
of vitamin D supplementation by using calcitriol or par-
icalcitol during dialysis session depended mainly on serum
calcium and phosphate levels. Nobody of the enrolled
patients had received intravenous administration of iron
during the last 2 months before the starting of the study.
Nobody of our patients was receiving NaHCO3 per os or
warfarin therapy. Forty-one of our participants (27.3%)
were treating by statin and everybody of the enrolled
patients was in erythropoietin-α or –β therapy.

In our data, the renal failure was caused by hypertensive
nephrosclerosis at a ratio of 33.3%, chronic glomerulone-
phritis at a ratio of 29.3%, polycystic disease at a ratio
11.3%, interstitial nephritis at a ratio equal to 9.3% and
other causes at a ratio 16.7%.

Blood collection

Blood samples were obtained before the beginning of the
mean weekly dialysis session for each one of participants
according to his dialysis treatment program in a fasting state
from the vascular access and were frozen. Therefore, the
blood collection was drawn during Wednesday and/or
Thursday for the total of our subjects.

In the end of the dialysis session blood samples were
obtained at 2 min post dialysis from the arterial dialysis
tubing after the reduction of blood pump speed to <80 ml/
min for the calculation of the dose of dialysis session by
spKt/V for urea [10]. The mean of 12–13 calculations for
spKt/V for urea per dialysis session during a treatment
month as exposure period was used for statistical analysis.

In each subject, four sequences of samples (every week
within exposure period) were obtained for the serum
bicarbonate measurements, and their average was used for
statistical analysis. Metabolic acidosis was determined by
the combination of low serum bicarbonate level, low arterial
pH (acidemia) and decreased PCO2, thus metabolic acidosis
to be differentiated from respiratory alkalosis, which is
another clinical condition that causes decreased bicarbonate
levels, but without acidemia [11].

Laboratory measurements

Albumin, calcium (Ca) corrected for the albumin levels,
phosphate (P), the ratio of low density lipoproteins (LDL) to
high density lipoproteins (HDL) [LDL/HDL] and sodium
(Na+) levels during both in the start and in the end of the
treatment session were measured using spectrophotometric
technique by Chemistry Analyzer (MINDRAY BSλ200,
Diamond Diagnostics, USA). The sodium removal was
determined as percent sodium removal (PSR) using the

following formula: (Na+pre − Na+ post/Na+pre) × 100
[12]. (Ca × P) products were calculated.

Hematological analyzer (Sysmex, xt-4000i, Roche,
Hamburg, Germany) was used for hemoglobin.

Radioimmunoassay was used for measurement of intact-
parathormone (i-PTH) (CIS biointernational/France).

High-sensitivity C-reactive protein (hsCRP) and mono-
cyte chemoattractant protein-1 (MCP-1) serum concentra-
tions were measured using enzyme-linked immunoabsorbed
assays (ΕLISA, Immundiagnostik AG., Germany and Alpco
Diagnostics, Anachem, USA, respectively) according to the
manufacturer’s specifications.

Metabolic acidosis was defined by serum bicarbonate
concentrations <22.0 mmol/l, which were measured in gas
machine (Roche, combas b 121) by an electrode-based
method taking care of the blood specimens [13].

Normalized protein catabolic rate (nPCR) was calculated
from the urea generation rate [14].Body mass index (BMI)
was obtained from height and post-dialysis body weight.

Hemodynamic measurements

Pre-dialysis peripheral systolic and diastolic blood pressures
(SBP and DBP, respectively) were calculated as the mean of
12–13 measurements during exposure period using an
automatic sphygmomanometer OMRON M4-I (Co Ltd
Kyoto Japan). Mean peripheral pre-dialysis BP (MBP) was
calculated as: MBP=DBP+ 1/3 (SBP − DBP).

Hemodynamic measurements were performed before the
mid-week dialysis session and after resting of participants
for at least 10 min. Arterial stiffness was measured as
carotid-femoral pulse wave velocity (c-f PWV) and carotid
augmentation index (Aix) using the SphygmoCor system®
(AtCor Medical Pty.Ltd, Sydney, Australia) according to
the manufacturer’s specifications [10]. In each subject two
sequences of measurements were performed, and their mean
was used for statistical analysis. Pulse pressure (PP) was
derived.

ABI was also calculated as the ratio of the lower values
of ankle systolic pressure (pre or posttibial artery), divided
by stabilized arm systolic pressure. ABI values <0.9 were
rated as low indicating PAD and values >1.4 were rated as
high. Moreover, we obtained the assessment of the vascular
stenosis using Doppler ultrasonography in the lower limbs
for everybody of our participants and the absence of a
stenosis ≥50% excluded the presence of PAD [15].

Echocardiographical assessment

Echocardiographical assessment was conducted by a Hew-
lett Packard SONOS 2500 device using a 2.25-MHz
transducer. Two cardiologists examined our patients with
the method of conventional M-mode and two-dimensional
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echocardiography for left ventricular hypertrophy estima-
tion, systolic cardiac function assessment and consideration
of the ischemic findings according to the recommendations
of the American Society of Echocardiography [16].The left
ventricular hypertrophy was defined by a thickness of
interventricular septum >11.5 mm. The systolic function of
the left ventricle (LV) was assessed by the measurement of
ejection fraction (EF) and the systolic dysfunction was
defined as EF <50%. Tissue Doppler imaging and pulsed-
wave Doppler techniques were used for the evaluation of
LV diastolic function [17]. Transmitral early and late dia-
stolic (E and A waves) velocities were measured and the
ratio of E/A was calculated. We also measured the peak
early (e′) diastolic mitral annular velocity and E/e′ ratio was
calculated [18]. E/e′ ratio ≥ 15 and a ratio of E/A ≤ 1 were
used to determine the existence of diastolic dysfunction,
even if E/A ratio is greatly influenced by hemodynamic
status.

Approval and consent

The study was approved by the ethics committee of the
Hospitals “Laiko, University General Hospital of Athens”
and Renal Unit of “Diagnostic and Therapeutic Center of
Athens Hygeia SA”. All included subjects quoted oral
informed consent.

Data analysis

Data were analyzed using SPSS 15.0 statistical package for
Windows (SPSS Inc, Chicago, Illinois) and expressed as
means ± SD or as median value (interquartile range) for data
that showed skewed distribution; differences between mean
values were assessed by using unpaired t-test for two groups
and with Mann–Whitney U-test and expressed as means ±
SD or as means Rank. Correlations between variables were
defined by Spearman coefficient and the relationships
between categorical variables were defined by chi-square
tests. P values <0.05 were considered significant.

ROC curve analysis was used for the determination of
MCP-1 cut of point related to PAD. We performed a logistic
regression analysis to investigate significant risk factors for
the prevalence of PAD considering traditional and specific
covariates for dialysis patients including MCP-1 serum
concentrations.

Results

We examined the differences between the patients without
(n= 89) and with (n= 61) PAD manifestation (Table 1).
The patients with PAD had significantly higher SBP, DBP,
MBP, c-f PWV, Aix, PP, hsCRP and MCP-1 serum levels,

but they had significantly lower serum bicarbonate levels,
percent sodium removal, LDL/HDL ratio and protein intake
defined by nPCR than the patients without PAD. They also
had lower ABI, urine output, serum albumin, spKt/V for
urea and i-PTH, but they were elder and had higher serum
phosphate levels and Ca × P products in comparison to the
patient without PAD.

We also divided our patients in two groups according
to MCP-1 cut of point value equal to 165.8 ± 1 pg/ml related
to peripheral arterial disease (greater, n= 110 or lower,
n= 40 than 165.8 ± 1 pg/ml) found by ROC curve analysis
(Fig. 1).

Table 1 Characteristics and differences between groups of patients
without and with peripheral arterial disease

Characteristic Patients without
peripheral arterial
disease (n= 89,
59.3%)

Patients with
peripheral arterial
disease (n= 61,
40.7%)

p Value

Means ± SD or
means Rank

Means ± SD or
means Rank

Age (years) 73.5 78.4 0.5

BMI (kg/m2) 24.5 ± 3.2 24.3 ± 2.8 0.6

spKt/V for urea 80.4 68.4 0.09

nPCR (g/kg/day) 2.5 ± 0.4* 2.2 ± 0.5 0.001

Dialysis vintage
(years)

74.2 77.4 0.6

SBP (mmHg) 128.9 ± 18.8* 137.3 ± 23.6 0.02

MBP (mmHg) 96.6 ± 11.3* 101.2 ± 14.1 0.03

DBP (mmHg) 69.2* 84.7 0.03

c-fPWV (m/s) 10.8 ± 1.7* 12.04 ± 1.8 0.002

Augmentation
index (AIx)

64.7* 83.1 0.008

Pulse pressure
(mmHg)

53.8 ± 15.1* 65.2 ± 22.5 0.001

ABI 78.09 69.4 0.2

Hemoglobin (g/dl) 11.8 ± 1.4 12 ± 1.2 0.2

Urine (ml/day) 20.4 19.7 0.8

i-PTH (pg/ml) 76.07 74.7 0.8

Ca (mg/dl) 9.5 ± 0.7 9.5 ± 0.6 0.8

P (mg/dl) 5.2 ± 1.9 5.7 ± 1.7 0.1

(Ca × P) 50.1 ± 18.9 53.8 ± 16.1 0.2

Albumin (g/dl) 77.5 72.6 0.4

LDL/HDL 2.4 ± 0.9* 2.2 ± 0.8 0.02

hsCRP (mg/l) 69.6* 84.03 0.04

MCP-1 (pg/ml) 69.1* 84.8 0.03

Serum bicarbonate
(mmol/l)

82.2* 65.7 0.02

Sodium removal
(%)

86.3* 59.7 0.001

Statin therapy
(yes/no)

(n= 26/n= 63) (n= 15/n= 46) 0.3

On-line hemodiafiltration, n= 150, *: p < 0.05
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Chi-square test showed significant association
between PAD manifestation and high MCP-1 serum
concentrations (x2 = 9.6, p= 0.001, Fig. 2). Moreover,
the built logistic regression analysis for PAD prediction
showed that the high MCP-1 serum levels increased the
risk for PAD demonstration 3.2 (95% C.I 1.3–8.2) folds
after adjustment for confounders including the age,
smoking, dialysis vintage, hypertension, dialysis ade-
quacy defined by spKt/V for urea, serum bicarbonate and
hsCRP (Table 2).

We also observed that the existence of PAD was sig-
nificantly associated with coronary artery disease, left
ventricular hypertrophy, hypertension and with non-
administration of vitamin D agents during dialysis (x2=
23.2, p= 0.001 Fig. 3, x2= 5.3, p= 0.01, x2= 4.5, p=
0.02 and x2= 3.5, p= 0.04, respectively). The association
between PAD demonstration and pharmaceutical therapy by
statin was found to be non-significant.

Bivariate correlations showed significant association
between MCP-1 levels and both LDL/HDL ratio and per-
cent sodium removal (r= 0.212, p= 0.009 and r=
−0.286, p= 0.001, respectively). Particularly, in group of
patients with PAD (n= 61) the correlation between MCP-1
levels and LDL/HDL ratio was also found to be significant
(r= 0.435, p= 0.001), although the correlation between
MCP-1 levels and hsCRP serum concentrations was found
to be non-significant in both groups of patients with
and without existence of PAD, as well as in total of our
subjects.

Discussion

It has been reported that PAD is significantly elevated
among patients on hemodialysis in comparison to general
population. Using a set of clinical criteria showing signs of
limb ischemia including reduced pulses on examination or
symptomatic claudication and the determination of ABI as a
diagnostic key, the prevalence rate of PAD was reported
nearly 35% [19, 20]. Other previous study reported that
46% of all dialysis patients in the United States suffered
from PAD [21].

In this study, the prevalence rate of PAD was evaluated
in a ratio of 40.7%, using clinical criteria, ABI measurement
and determination of vascular stenosis in the lower limbs
>50% by Doppler ultrasound.

Despite angiography was considered as the gold standard
method for PAD diagnosis, recent guidelines recommended

Fig. 1 ROC curve showing the cut of point of MCP-1 serum con-
centrations related to peripheral arterial disease manifestation equal to
165.8 ± 1 pg/ml

Fig. 2 Bar chart showing the relationship between peripheral arterial
disease manifestation and high MCP-1 serum concentrations by chi-
square test (x2= 9.6, p= 0.001)

Table 2 Logistic regression analysis for the prediction of peripheral
arterial disease in 150 patients in hemodiafiltration without diabetes
mellitus

Characteristic p Value Odds ratio 95% CI

Age 0.4 1.01 0.9–1.04

Hypertension 0.5 1.3 0.6–2.9

Smoking 0.2 1.8 0.7–4.3

Dialysis vintage 0.2 1.04 0.9–1.1

spKt/V for urea 0.06 0.1 0.01–1.1

Serum bicarbonate 0.08 0.8 0.7–1.02

hsCRP 0.2 1.04 0.9–1.1

MCP-1 0.01 3.2 1.3–8.2
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that subjects with claudication should be first screened by
using noninvasive Doppler ultrasonography [22]. Clinical
criteria of PAD including claudication are usually unreliable
signs of PAD especially in aging dialysis patients due to
degenerative changes in lumbar and peripheral joints caused
by the renal disease and advancing age. Furthermore, the
presence or absence of pulses in lower extremities during
clinical examination is usually unreliable due to collateral
development. On the other hand, the sensitivity of ABI, the
major diagnostic key for PAD determination, is limited to
outline PAD, when arterial stiffness is present, such as in
dialysis patients [23, 24]. As a result, ABI values may be
elevated to “falsely normal” or even abnormally high values
(>1.4), despite the existence of PAD. In this study, PAD
diagnosis was mostly based on the report of Doppler
ultrasound examination and less in clinical criteria or ABI
values. Indeed, our participants with manifested PAD by
Doppler screening had non-significantly lower ABI values
than the patients without PAD.

Systemic atherosclerosis and cardiovascular disease
including PAD in this population of patients are mainly
affected by non-traditional risk factors including persistent
low-grade inflammation, metabolic acidosis, volume over-
load and co-morbidities. Arterial stiffness, oxidative stress,
insulin resistance, hyperphosphatemia, hypoalbuminemia
are characteristics which may contribute to prevalent PAD
among patients on dialysis [11, 21, 25].

In agreement, in this study, we observed that the patients
with PAD manifestation were elder and they had elevated
hsCRP and MCP-1 serum concentrations as markers of
inflammation, higher BP and higher arterial stiffness mar-
kers including c-fPWV, Aix, and PP than the patients

without PAD. They also had higher markers of malnutri-
tion, such as lower albumin, LDL/HDL and lower nPCR,
uncontrolled metabolic acidosis and exciting markers of
bone disease including low i-PTH in comparison to the
patients without PAD. Despite the group of patients with
PAD had lower LDL/HDL levels comparatively to the
patients without PAD, the association between using of
statin and PAD manifestation was found to be non-
significant. The lower LDL/HDL levels in our patients
with PAD may be mainly attributed to malnutrition status in
this group of patients rather than to other causes including
the statin therapy. The obtained adequacy of dialysis treat-
ment was lower in patients with PAD than the patients
without PAD, as this is defined by a lower spKt/V for urea
and by higher sodium retention in combination to lower
urine output.

These findings suggest the co-occurrence of malnutrition,
inflammation, and atherosclerosis (MIA syndrome), in
comparison to the patients without manifested PAD. Mal-
nutrition has already been reported as specific cardiovas-
cular risk factor for dialysis patients and each of MIA
syndrome components worsens the morbidity and survival
of these patients [26, 27]. The cause of inflammation is
multifactorial and include imbalance between increased
production and decreased removal of pro-inflammatory
cytokines, oxidative stress, factors linked to dialysis treat-
ment and chronic and recurrent infections related to dialysis
access [28]. Malnutrition may also be related to metabolic
acidosis due to an increased protein catabolism, decreased
protein synthesis, endocrine abnormalities and inflammation
among dialysis patients [11, 29]. Metabolic acidosis defined
by low serum bicarbonate (<22 mmol/l) results in inflam-
matory stimulation, lipids oxidation and oxidative stress in
ESRD patients [30]. Maintenance dialysis therapies are
often unable to completely correct the base deficit.

Regarding with markers of bone disease previously it has
been reported that low i-PTH was associated with inflam-
mation and oxidative stress rather than high, as a result of
MIA Syndrome in agreement with our results [31]. Inter-
estingly, the most of our subjects, who were receiving
vitamin D supplementation during dialysis sessions, did not
have manifested PAD. However, the bone disease markers
including serum phosphate, Ca × P products and i-PTH
were found to mildly differ between the groups of patients
with and without PAD. Such findings could suggest that the
administration of vitamin D during dialysis may affect the
manifestation of PAD in these patients playing an additional
role rather than on the regulation of bone disease. Recently,
we and others reported that the usage of vitamin D deri-
vatives in chronic kidney disease patients may prevent the
elevated production of reactive oxygen species and the
cytokines upregulation by serum phosphate resulting in
beneficial cardiovascular effects [32, 33].

Fig. 3 The association between manifested peripheral arterial disease
and coronary arterial disease by chi-square test (x2= 23.2, p= 0.001)
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In combination with the important role of MIA syn-
drome, it has been established that arterial stiffness and
vascular calcification are non-traditional cardiovascular risk
factors in chronic kidney disease resulting in coronary
arterial disease, heart failure and peripheral vascular disease
in agreement with our findings [34].

MCP-1, the main representative of chemokines, may be
related to low-grade inflammation in the patients undergoing
hemodialysis. However, in both groups of our subjects with
and without PAD and in the total of our participants we
observed a non-significant correlation between MCP-1
levels and hsCRP serum concentrations, which is the
established marker of inflammation. MCP-1 acts as a che-
moattractant specific for monocytes and may promote
migration of monocytes into the atherosclerotic plaque after
their initial adhesion to the endothelium, playing a particular
role on the lesions of atherogenesis [35]. In this study, apart
from the found higher MCP-1 levels in our participants with
PAD than without PAD, we noted significant unadjusted
association between manifested PAD and high levels of
MCP-1. Moreover, the high MCP-1 serum concentrations
were shown to be an important predictor for PAD with an
odds ratio of 3.2 (95% C.I 1.3–8.3) adjusting for traditional
and specific for these patients confounders.

Previously, it has been reported that serum levels of
soluble intracellular cell adhesion molecule-1 (sICAM-1)
and soluble vascular cell adhesion molecule-1 (sVCAM)
were associated with PAD in dialysis patients, but MCP-1
serum concentrations were not associated controversially to
our findings [6].

Furthermore, in this study we observed a significantly
positive association between MCP-1 and LDL/HDL. The
correlation between MCP-1 and LDL/HDL was noted
positive particularly in group of patients with PAD, despite
in this group of patients LDL/HDL levels were found to be
significantly lower than in non-PAD group of patients, due
mainly to excessive malnutrition and inflammation syn-
drome connected to the existence of PAD. Previous study
reported that LDL-apheresis reduced the plasma levels of P-
selectin, hsCRP and fibrinogen through anti-inflammatory
effects, but serum levels of MCP-1 were not significantly
changed suggesting a stable relationship of MCP-1 with
LDL, in agreement with our results [7].

On the other hand, in our study the relationship between
MCP-1 and sodium removal was found inverse supporting a
relation between MCP-1 and fluid overload. In our previous
study excluding the diabetic nephropathy, such as in present
study, we also observed a significant role of MCP-1 serum
concentrations on the left ventricular hypertrophy mainly
attributed to the relationship between MCP-1 and sodium
retention [36]. It has been reported that frequently volume
overloaded hemodialysis patients are at high risk of endo-
thelial dysfunction, hypertension, left ventricular

hypertrophy, CHF and vascular disease [37]. Indeed, in our
study, in conjunction to the found significant association
between PAD manifestation and high MCP-1 levels, we
noted significant associations between PAD and both
hypertension and left ventricular hypertrophy. Moreover, in
our data we notified the established significant relationship
between PAD and coronary artery disease [1, 2].

The findings of this study could suggest that MCP-1
levels may be used as screening markers for PAD in dialysis
patients. However, more studies should verify such as
recommendation.

Conclusion

This study showed that malnutrition, low-grade inflamma-
tion mainly defined by high MCP-1 serum concentrations,
metabolic acidosis and bone disease were included in sig-
nificant predictors for PAD in non-diabetic patients under-
going permanent hemodiafiltration. The obtained dialysis
sufficiency and the administrated therapy during dialysis
sessions including vitamin D supplementation seem to play
an additional role in the demonstration of peripheral vas-
cular disease in these patients.
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