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ABSTRACT

Background: Inflammatory and procoagulant markers are potential mediators for the cardiovascular risk in hemodialysis patients. Lipo-
protein (a) [Lp(a)], is another important risk factor with inflammatory and procoagulant effects. Materials and methods: In 78 hemodi-
alysis patients and 40 controls, C-reactive protein (CRP), Interleukin-6 (IL-6), lipoprotein (a) [Lp (a)], fibrinogen, D-dimer, von Wilebrand
factor (VWF) and serum albumin were determined. Results: CRP, IL-6, Lp(a), fibrinogen, D-dimer and vWE, were significantly higher,
and serum albumin was significantly lower in patients compared to controls (24.40 mg/L vs. 6.39 mg/L, p<0.001; 1.92 pg/ml vs. 0.35 pg/
ml, 28.05 mg/dL vs.16.25 mg/dL, p<0.001; 3.4 g/L vs. 2.55 g/L, p<0.01; 1.81 pgFEU /ml vs. 0.50 ugFEU /ml, p<0.01; 152.9 % vs. 85.6 %,
p<0.001; 32.1 g/L vs.40.50 g/L, p<0.001). The patients were divided into two groups: 40 patients with CRP levels over than 10 mg/L and 38
with CRP levels in normal range. These parameters showed significant differences between patients with elevated CRP and patients with
normal CRP levels. CRP and IL-6 correlated positively with Lp(a), (r = 0.62, p < 0.001 ; r=0.54, p<0.001), fibrinogen, (r = 0.63, p < 0.001 ; r
=0.49, p<0.01) D dimer (r = 0.72, p<0.001; r = 0.55, p<0.01), VWF (r = 0.76, p<0.01; r = 0.63, p<0.001) and negatively with serum albumin (r
=-0.80, p<0.01; r = -0.60, p<0.001), in patients with elevated CRP, but not in patients with normal CRP levels and controls. Conclusion:
According to the results hemodialysis patients with increased inflammatory markers, have the elevated Lp(a) and procoagulant markers

and the greater risk for atherosclerotic cardiovascular disease.
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1. INTRODUCTION

Cardiovascular disease is an important predictor of
mortality in hemodialysis patients (1). Inflammation is
considered one of the key factors in accelerating athero-
sclerosis and endothelial dysfunction.

The uremic state is associated with an altered immune
response (2) and intermittent stimulation by endotoxins
from the dialysis water supply and artificial vein grafts or
bio incompatibility caused the increased inflammatory
proteins, such as C-reactive protein (CRP) (3). In addi-
tion to inflammatory marker, CRP as a mediator for de-
veloping atherosclerosis, directly affect endothelial cells,
monocytes-macrophages and smooth muscle cells. (4).
CRP is produced by the liver under the control of various
proinflammatory cytokines, but mainly by hepatocytes in
response to IL-6.

Among the various cytokines, IL-6 was found to be
most closely related to mortality in both hemodialysis and
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pre dialysis patients (5) and to be associated with more
causes of inflammation than other cytokines (6).

IL-6 increases the risk of atherosclerosis through meta-
bolic, endothelial and coagulant mechanisms. In hemodi-
alysis patients elevation of IL-6 is associated with carotid
atherosclerosis (7).

Inflammation is associated with a prothrombot-
ic tendency even in acute renal disease (8). Among the
non-classic cardiovascular risk factors, plasma fibrinogen,
D-dimer and von Willebrand factor (vWF), are potential
markers of cardiovascular morbidity (9). D-dimer levels
are significantly higher in renal insufficiency (10). Renal
dysfunction is identified as a state of activated coagulation
due to the elevated D-dimer levels, which are not cleared
by the kidney (11).

The vWE, a marker of endothelial injury, showed a pos-
itive correlation with total mortality in the hemodialy-
sis patients. Chronic endothelial cell activation, but not
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platelet activation, is related to all-cause mortality in pa-
tients in chronic hemodialysis (12).

In this context, renal failure can be viewed as a clinical
model of mild, protracted systemic inflammation that is
intrinsically associated with endothelial dysfunction and
hemostatic activation, which are all important mediators
of atherosclerosis and thrombotic events.

The contribution of cardiovascular events to the ex-
traordinary high mortality in end-stage-renal disease has
generated some interest in non-traditional atherosclerot-
ic risk factors, such as Lipoprotein (a) [Lp(a)]. High con-
centrations of Lp(a) are considered a major risk factor for
atherosclerosis (13). Lp(a) is frequently elevated in hemo-
dialysis patients (14).

In hemodialysis patients, fibrin clot properties are
markedly altered. The structure and function of the fibrin
clot are modulated by several environmental and genetic
factors. Lp(a) (15) and CRP (16), which along with fibrin-
ogen are significantly elevated have also been reported to
reduce clot permeability and susceptibility to lysis (17 ).

Hypoalbuminemia is associated with cardiovascular
disease in general population as well as in hemodialysis
patients. It has been found a significant correlation of IL-6
and hypoalbuminemia which is considered as a powerful
predictor of mortality (18).

A significant inverse relationship was also found be-
tween Lp(a) and albumin (19). Hypoalbuminemia can in-
duce a hypercoagulable and atherogenic state (20).

2.AIM

The aim was to study relationships between inflamma-
tion, Lp(a) and hypercoagulability in hemodialysis pa-
tients with no evidence of cardiovascular disease.

3. MATERIALS AND METHODS

In this study were included 78 patients, undergoing
maintenance hemodialysis treatment in the Clinical Cen-
tre in Prishtina, for a period longer than 6 months. Age
range was from 24 to 65 year. We selected the patients
with no evidence of cardiovascular disease history. Pa-
tients were divided in two groups: 40 patients (22 female
and 18 male) with elevated CRP levels over than 10 mg/L
and 38 patients (18 female and 20 male) with CRP levels
in the normal range. 40 healthy people (18 females and 22
males), were a control group.

CRP was measured by the turbidimetric method based

in combines of CRP with specific antibody.

+ IL-6 was measured with Enzyme Linked Immuno-
sorbent Immunoassay (ELISA).

» Diazyme’s Lipoprotein (a) assay is based on a latex
enhanced immunoturbidimetric method.

o D-dimer was determined by the immuno-turbi-
dimetric assay with monoclonal antibodies F(ab),
fragments to the D-dimer epitope.

+ Fibrinogen was determined based on Clause’s meth-
od by measuring of ratio of fibrin formation.

+  Won Willebrand factor (vWF) was measured by ELI-
SA and expressed as a percentage of normal value.

+ Serum albumin was determinate with bromocresol
purple.
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4.RESULTS

Serum concentration of CRP, IL-6, Lp(a), fibrinogen,
D-dimer and vWF in hemodialysis patients were signifi-
cantly higher than in controls (24.40 + 15.20mg/L vs 6.39
+ 1.20 mg/L p<0.001, 1.92 + 1.39 pg/ml vs 0.35 + 0.29 pg/
ml, p < 0.001; 28.05 + 8.23 mg/dl vs 16.25 + 3.78 mg/dL,
p<0.001; 3.44 + 0.93 g/L vs 2.55 + 0.77 g/L, p<0.01; 1.81 +
1.10 pgFEU /ml vs 0.50 + 0.32 pgFEU /ml, p<0.01; 152.9 +
40.8 % vs 85.6 + 20.5 %, p<0.001 (Table 1), whereas serum
albumin was significantly lower (32.10 £ 6.05 g/L vs 40.50
+3.90 g/L, p<0.001 (Table 1).

All patients (Xbar Controlls (Xbar

+SD) +SD) P
CRP 24.40+15.20 6.39+1.20 <0.001
IL-6 1.92+1.39 0.35+0.29 <0.001
Lp(a) 28.05+8.23 16.25+3.78 <0.001
Fib. 3.44+0.93 2.55+0.77 <0.01
D-dimer 1.81£1.10 0.50£0.32 <0.01
VWF 152.9+40.8 85.6+20.5 <0.001
Alb. 32.10+6.05 40.50+3.90 <0.001

Table 1. Biochemical parameters (means and SD) in hemodialysis
patients and healthy controls

Serum concentration of IL-6, Lp(a), fibrinogen, D-di-
mer, v WE, were significantly higher and serum albumin
was significantly lower in patients with elevated CRP lev-
els than in patients with CRP levels in normal range. (3.06
+ 1.07 pg/ml vs 0.77 + 0.27 pg/ml, p<0.01; 32.80 + 7.37
mg/dL vs 23.30 + 6.0 mg/dL, p<0.001; 3.88 + 0.62 g/L vs
3.0 + 0.97 g/L, p<0.01; 2.28 + 1.19 pgFEU /ml vs 1.35 +
0.75 pgFEU /ml , p<0.01; 173.99 + 47.96 % vs 131.88 +
11.80 %, p<0.001; 27.81 + 5.25 g/L vs 36.39 + 2.94 g/L,
p<0.001 (Table 2).

CRP <10 (Xbar

CRP > 10 (Xbar + SD) +SD) P
CRP 39.75+19.40 9.06+1.12 <0.001
IL-6 3.06+1.07 0.77+0.27 <0.001
Lp(a) 32.80+7.37 23.30+6.00 <0.001
Fib. 3.88+0.62 3.00+0.97 <0.001
D-dimer  2.28+1.19 1.35£0.75 <0.001
VWF 173.99 £ 47.96 131.88 +11.80 <0.001
Alb. 27.81+5.25 36.39+£2.94 <0.001

Table 2. Biochemical parameters (means and SD) in hemodialy-
sis patients with elevated CRP and CRP in normal range

Significant correlation exists between CRP and IL-6 in
patients with high CRP levels. (r = 0.94, p<0.001). CRP
and IL-6 correlated positively with Lp(a), (r = 0.62, p<
0.001 ; r=0.54, p<0.001), fibrinogen (r = 0.63, p< 0.001; r =
0.49, p<0.01), D dimer (r = 0.72, p<0.001; r = 0.55, p<0.01),
VvWF (r=0.76, p<0.01; r=0.63, p<0.001) and negatively with
serum albumin (r = -0.80, p<0.01; r = -0.60, p<0.001), in
patients with elevated CRP (Table 3). There was no cor-
relation in patients with CRP levels in normal range or in
controls.

5. DISCUSSION

Chronic inflammation, predicts all-cause and cardio-
vascular mortality in hemodialysis patients in short- and
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CRP>10 IL-6 Lp(a) D-Dimer Fib. VWF
R P R P R P R P R P R P
Alb. -0.80 <0.01 -0.60 <0.001 -0.58 <0.05 -0.81 <0.001 -0.67 <0.001 -0.74 <0.01
CRP>10 0.94 <0.001 0.62 <0.001 0.72 <0.001 0.63 <0.001 0.76 <0.001
IL-6 0.54 <0.001 0.55 <0.01 0.49 <0.001 0.63 <0.001
Lp(a) 0.64 <0.001 0.61 <0.001 0.74 <0.001
D-Dimer 0.77 <0.001 0.89 <0.001
Fib. 0.81 <0.001

Table 3. Correlations of all parameters in haemodialysis patients with elevated CRP (CRP > 10 mg/L)

long term studies (21), In hemodialysis patients, serum
IL-6 level is known to be much higher than in general
subjects, and is associated with mortality (7). Much more
IL-6 predict outcome of hemodialysis patients.

In this study CRP and IL-6 were significantly higher
in patients than in controls (24.40 mg/L vs 6.39 mg/L,
p<0.001; 1.92 pg/ml vs 0.35 pg/ml, p < 0.001 (Table 1) and
their positive correlation is significant (r = 0.94, p<0.001
(Table 3).

Pathways that might mediate the association between
renal dysfunction and cardiovascular risk are the inflam-
matory and coagulation cascades. Activation of hemosta-
sis is a common feature of uremia and its link with inflam-
mation, has been reported (22).

In this study serum concentration of fibrinogen and
D-dimer in patients were significantly higher (3.44 g/L
vs 2.55 g/L, p<0.01; 1.81 ugFEU /ml vs 0.50 ugFEU /ml,
p<0.01) than in controls.

Atherosclerosis is initiated through endothelial abnor-
malities and elevated plasma concentration of fibrinogen
and putative markers of endothelial dysfunction including
vWF (23).

Hemodialysis patients presenting thrombotic compli-
cations had significantly elevated vWF levels (24).

We also found significantly higher levels of vWF in pa-
tients compared with controls (152.9 % vs 85.6%, p<0.001
(Table 1). Comparing the two groups, D-dimer fibrinogen
and vWTF levels were higher in patients with elevated CRP
than in patients with CRP levels in normal range (2.28 ug-
FEU /mlvs 1.35 pgFEU /ml, p<0.001; 3.88 g/L vs 3.00 g/ L,
p<0.001; 173.99% vs 131.88%; p<0.001 (Table 2).

IL-6 is demonstrated to increase the risk of atheroscle-
rosis through metabolic endothelial and coagulant mech-
anisms, increasing the hepatic release of fibrinogen as
well as having procoagulant effects of platelet (25).

We also find positive correlation of IL-6 with fibrinogen,
(r = 0.49, p<0.001), D dimer (r = 0.55, p<0.01), and vWF
(r =0.63, p<0.001 (Table 3) in patients with high CRP lev-
els. Based on results inflammatory response coexists with
endothelial dysfunction. Increased levels of Lp (a) is an
independent risk factor for coronary disease.

Lp(a) mean value was significantly higher in patients
than in controls (28.05 mg/dl vs 16.25 mg/dL, p<0.001
(Table 1), Lp(a), occurs at high concentrations largely be-
cause of reduced clearance, or as a result of increased he-
patic synthesis induced by an acute phase reaction or by
proteinuria.

Lp(a) was significantly higher in patients exhibiting el-
evated CRP than to those with CRP in normal range, (
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32.80 mg/dL vs 23.30 mg/dL, p<0.001 (Table.2). A close
relationship exist between Lp(a) levels and inflammation,
as shown by correlations with CRP and IL-6 (r = 0.62, p<
0.001 ; r=0.54, p<0.001 (Table 3).

Both end-stage renal disease and thromboembolic cor-
onary events have been shown to be associated with the
formation of dense fibrin clots resistant to fibrinolysis.

There are evidences that Lp(a) reduce clot permeabil-
ity and susceptibility to lysis (17). A significant positive
correlations of Lp(a) were observed with D-dimer (r=0.64,
p<0.001), fibrinogen (r = 0.61, p<0.001) and vWF (r =
0.74, p<0.001 (Table 3). Patients with high CRP showed
evidence of a higher degree of hyper coagulation than pa-
tients with CRP levels in normal range. Thus, hemostatic
abnormalities may be affected to other cardiovascular risk
factors as Lp(a).

Based in results chronic hemodialysis may be a mark-
er for systemic inflammation, which in turn is associated
with high levels of Lp(a) and hypercoagulability.

IL-6 is known to be associated with the severity of hy-
poalbuminemia in hemodialysis patients (18).

We also find that CRP and IL-6 correlated negatively
with serum albumin (r = -0.80, p<0.01; r = -0.60, p<0.001
(Table 3), which proved that hypoalbuminemia in hemo-
dialysis patients is partially a consequence of inflamma-
tion.

Inverse relationship existed also between serum albu-
min and Lp(a) in patients with elevated CRP (r = -0.58,
p<0.05 (Table 3). This correlation is a significant indica-
tor for cardiovascular death of hemodialysis patients (26).
Albumin levels correlated negatively with D-dimer and
vWF in patients with elevated CRP (r = -0.81, p<0.001; r =
-0.74, p<0.01 (Table 3). The negative correlation of albu-
min with D- dimer and vWF confirm that hypoalbumin-
emia is associated with hypercoagulability.

6. CONCLUSION

A persistent inflammatory response and high levels of
Lp(a), in hemodialysis patients, may contribute to coagu-
lation activation and increased cardiovascular risk. These
elevations were apparent even among patients with no
evidence of clinical or subclinical cardiovascular disease.
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