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 Conclusion:  This study demonstrates the association of in-
flammation and hypofibrinolysis with hemodialysis espe-
cially in patients with CVD. We found no added therapeutic 
value for  L -arginine at the used dose and duration to amelio-
rate these cascades of events.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Cardiovascular disease (CVD) is the major cause of 
morbidity and mortality in chronic kidney disease (CKD) 
patients  [1] . The annual mortality rate due to CVD in he-
modialysis (HD) and peritoneal dialysis patients is about 
9%, which is 10–20 times higher than that observed in the 
general population  [2] . It has been postulated that ‘non-
traditional’ risk factors such as oxidative stress, inflam-
mation, endothelial dysfunction and hypofibrinolysis 
contribute to the high prevalence of CVD in these pa-
tients  [3] .

  Over the last several years, the idea that inflammation 
plays a key role in atherosclerosis has received consider-
able attention  [4] . Now, end-stage renal disease (ESRD) is 
considered a protypical situation of chronic inflamma-
tory state  [5] . It has been recognized that about 30–50% 
of predialysis and HD patients have serological evidence 
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 Abstract 

  Background/Aims:  Growing evidence suggests that inflam-
mation, oxidative stress and hypofibrinolysis may have a piv-
otal role in the high prevalence of cardiovascular disease 
(CVD) in chronic kidney disease (CKD) patients. This study 
aims to investigate the association of these processes with 
the incidence of CVD in hemodialysis (HD) patients and to 
examine the modulating effect of oral  L -arginine in HD pa-
tients having CVD.  Methods:  Blood malondialdehyde (MDA), 
highly sensitive C-reactive protein (hsCRP), soluble intracel-
lular adhesion molecule-1 (sICAM-1) and thrombin-activat-
able fibrinolysis inhibitor (TAFI) levels were measured in 12 
healthy controls and in 62 CKD patients divided into 15 renal 
impairment, 21 HD, and 26 HD+CVD. Of the latter, 15 patients 
received oral  L -arginine (15 g/day, 5 g t.i.d.) for 1 month. 
  Results:  MDA, hsCRP, sICAM-1 and TAFI were significantly 
 elevated in renal impairment patients. HD and HD+CVD ex-
perienced higher levels, but only MDA and TAFI were sig-
nificantly higher in HD+CVD than HD patients. Only MDA 
was significantly reduced by 41% after  L -arginine intake. 
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of an activated inflammatory response, which can be re-
lated to renal failure per se or may be a consequence of 
the dialysis process  [6] .

  C-reactive protein (CRP), a marker of systemic in-
flammation and a surrogate of underlying cytokine stim-
ulus, has been reported to be associated with all-cause 
and CVD mortality in ESRD and HD patients  [4] . There 
is accumulating evidence that CRP may be more than just 
a precise index of inflammation and may contribute di-
rectly to endothelial injury and pathogenesis of athero-
sclerosis  [7] .

  Soluble intracellular adhesion molecule-1 (sICAM-1), 
a member of Ig-like supergene family of adhesion mole-
cules that are normally expressed by endothelial cells, 
promotes the adhesion of leukocytes to the inflamed en-
dothelium, which is an early event in the atherosclerosis 
 [3] . Increased levels of soluble adhesion molecules have 
been reported in CKD patients, both on conservative 
therapy and on HD  [8] . Moreover, elevated levels of
sICAM-1 were observed in patients with history of myo-
cardial infarction and angina pectoris  [9] .

  It has been reported that endothelial function is dis-
turbed in uremic patients with the consequence of devel-
opment of prothrombotic and hypofibrinolytic state  [10] . 
Hypofibrinolysis in this population is evidenced by in-
creased levels of tissue factor and plasminogen activator 
inhibitor-1 as well as decreased activity of protein C. 
However, there are little data in ESRD and HD about the 
thrombin-activatable fibrinolysis inhibitor (TAFI), a 60-
kDa single chain glycoprotein, referred to plasma procar-
boxypeptidase B  [11] . The active form (TAFI a) cleavages 
C-terminal lysine residues in fibrin necessary for plas-
minogen binding, and thereby retards plasminogen con-
version to plasmin and delays fibrinolysis  [12] . As sup-
pression of fibrinolysis is associated with CVD  [13] , an 
elevated level of TAFI is a risk factor for venous throm-
bosis  [14] . Evidence supports that TAFI might be an ad-
ditional member in the pathogenesis of atherosclerosis in 
CKD.

  Moreover, several studies have demonstrated that ure-
mia is associated with enhanced oxidative stress, which 
has a potential role in the pathogenesis of atherosclerosis 
 [15] , mainly through scavenging nitric oxide (NO) and 
subsequent endothelial dysfunction  [16] . Intake of high 
doses of  L -arginine, the NO precursor, has demonstrated 
beneficial effects in several models of CKD  [17] .

  In a recent article from our laboratory  [18] , we pro-
vided evidence that oxidative stress and asymmetric di-
methylarginine are associated with cardiovascular com-
plications in HD patients and that administration of oral 

 L -arginine (15 g/day) significantly improved the cardio-
vascular markers profile of those patients. In continua-
tion, this study aims to unravel other pathways that play 
a role in the development of CVD in HD patients, includ-
ing inflammation and hypofibrinolysis, and to test the 
therapeutic value of  L -arginine in reducing the progres-
sion of these cascades.

  Methods 

 Subjects 
 Sixty-two patients aged 45–69 years with CKD from the De-

partment of Nephrology at Maadi and Kobri El-Obba Military 
Hospitals, Cairo, Egypt, were included in this study. They com-
prised 15 nondialysis patients on conservative therapy (renal im-
pairment group), 21 HD patients without CVD (HD group) and 
26 HD patients with CVD (HD+CVD group). CV events were 
defined as acute myocardial infarction, diagnosed by typical clin-
ical and ECG changes, angina pectoris based on typical clinical 
characteristics or transitory ischemic events, verified by echocar-
diography. All patients were clinically stable and not under emer-
gency care during the course of the study. Fifteen patients of the 
HD+CVD group were treated with oral  L -arginine (15 g/day, 5 g 
t.i.d.)  [19] . All HD patients were on conventional 4-hour HD ses-
sions, three times weekly with bicarbonate dialysate and heparin 
as anticoagulant. The control group consisted of 12 male age-
matched healthy volunteers. Subjects with diabetes mellitus, 
chronic liver disease or any serious concomitant disease were ex-
cluded from the study. The study protocol was approved by the 
local university ethical committee and informed consent was ob-
tained from all subjects.

  Laboratory Methods 
 Blood samples from controls and patients were collected un-

der fasting conditions. Samples from HD patients were collected 
from the arteriovenous fistula before the beginning of the first 
dialysis session of the week. Samples within 30 min were divided 
into two portions; one portion was collected on Na 2 -EDTA for 
TAFI assay, after separation of plasma by centrifugation for 15 
min at 2,500  g , and the other portion was collected on plain vacu-
tainer tubes for the assay of the rest of parameters, after separa-
tion of sera by centrifugation at 4,000 rpm for 15 min. Plasma and 
sera were aliquoted and stored at –70   °   C until assayed.

  Assays 
 Before storage of sera, levels of creatinine, urea, total choles-

terol (TC) and triglycerides (TG) were determined using com-
mercially available kits. HDL cholesterol (HDL-C) was deter-
mined after precipitation of apolipoprotein B-containing lipo-
proteins. LDL cholesterol (LDL-C) was calculated by Friedewald 
equation  [20] .

  Malondialdehyde (MDA) levels, marker of lipid peroxidation, 
were determined as thiobarbituric acid reactive substances 
(TBARS) according to the procedure of Uchiyama and Mihara 
 [21] . Serum hsCRP and sICAM-1 were determined by ELISA 
technique using ACTIVE �  kit, supplied by Diagnostic System 
and Laboratories Inc., Webster, Tex., USA, and Quantikine �  kit, 
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supplied by Research and Diagnostic Systems Inc., Minneapolis, 
Minn., USA. Plasma TAFI levels were assayed using the ZYMUT-
EST �  TAFI Ag kit, supplied by Hyphen BioMed, Andresy, France. 
All ELISA procedures were done by Hyprep �  automated ELISA 
systems, Hyperion Inc., Miami, Fla., USA. The concentrations 
of hsCRP, sICAM-1 and TAFI were calculated by references to 
standard curves performed with corresponding recombinant 
molecule.

  Statistical Analysis 
 All statistical analyses were performed using the Statistical 

Package for Social Science (SPSS) version 9 software. Data are ex-
pressed as mean  8  SEM. To compare the differences between 
groups, one-way analysis of variance (ANOVA), followed by LSD 
post-hoc analysis were used for parametric analysis. The effect of 
 L -arginine administration was evaluated by the paired-sample t 
test. Correlations were tested by Pearson coefficient. A two-tailed 
p  ! 0.05 was considered statistically significant.

  Results 

 Baseline Parameters 
 Baseline characteristics of control, renal impairment, 

HD and HD+CVD subjects are shown in  table 1 . Serum 
creatinine and urea levels were significantly increased in 
the renal impairment group and dramatically elevated in 
HD patients with or without CVD when compared with 
healthy controls. There was no significant difference in 
serum urea and creatinine between HD and HD+CVD 
groups. Regarding the lipid profile, TG levels were sig-
nificantly increased in HD and HD+CVD groups to 
about 1.4- and 1.7-fold of the control level, respectively. 
HDL-C was significantly decreased in all the studied 
groups when compared with controls. Concerning the 
levels of TC and LDL-C, neither renal impairment nor 

Table 1. Clinical and serum laboratory characteristics of the four studied groups; healthy controls, renal im-
pairment group, HD group free from CVD (HD), and HD group suffering from CVD (HD+CVD)

Control Renal impairment HD HD+CVD

Subjects 12 15 21 26
Age, years 52.580.8 55.5381.65 54.7681.44 57.6280.86
Duration of dialysis, years none none 4.2980.4 8.380.6
Creatinine, mg/dl 0.8180.03 3.0180.2a 10.3680.39a, b 9.8380.34a, b

Urea, mg/dl 30.7981.16 84.1886.6a 126.2885.92a, b 136.6486.59a, b

TG, mg/dl 95.4686.12 113.3488.75 133.3188.07a 167.0187.76a–c

TC, mg/dl 142.6883.78 156.1686.95 151.3186.18 171.3685.34a, c

HDL-C, mg/dl 45.5880.99 38.5181.88a 34.7181.36a, b 30.3580.94a–c

LDL-C, mg/dl 7883.72 94.9885.6 89.9385.77 107.684.62a, c

Data are expressed as mean 8 SEM. 
a–c Significant difference from healthy controls, renal impairment group, and HD group, respectively, at

p < 0.05.

Table 2. MDA, hsCRP, sICAM-1 and TAFI levels in control subjects, renal impairment, hemodialysis patients 
free from CVD (HD) and hemodialysis patients suffering from CVD (HD+CVD)

Control Renal impairment HD HD+CVD

MDA, nmol/ml 2.4880.26 4.4180.34a 5.7780.34a, b 6.7780.47a–c

hsCRP, mg/l 3.0180.18 11.9681.5a 14.0481.63a 16.2582.11a

sICAM-1, ng/ml 128.4483.63 223.55813.76a 336.15816.66a, b 356.07818.66a, b

TAFI Ag, % 60.2583.27 85.8984.9a 99.9682.94a, b 146.3583.99a–c

Data are expressed as mean 8 SEM. 
a–c Significant difference from healthy controls, renal impairment group, and HD group, respectively, at

p < 0.05. 
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HD patients showed significant differences from con-
trols. Only HD+CVD group showed significant elevation 
in TC and LDL-C levels.

  Biomarkers of Inflammation and Fibrinolysis 
 As shown in  table 2 , all CKD patients showed signifi-

cantly elevated levels of MDA as compared with normal 
controls (2.48  8  0.26 nmol/ml; p  ̂   0.01). The MDA lev-
els in renal impairment, HD and HD+CVD were 4.41  8  
0.34, 5.77  8  0.34 and 6.77  8  0.47 nmol/ml, respectively. 
Regarding hsCRP, their levels were significantly in-
creased in all CKD patients. The elevation reached 3.97-, 
4.66- and 5.28-fold of the control level for renal impair-
ment, HD and HD+CVD groups, respectively (p  ̂   0.05). 
However, there was no significant difference in hsCRP 
levels among CKD groups.

  Concerning serum sICAM-1 levels, all CKD patients 
showed significant increase reaching to 174, 262 and 
277% of the control level for renal impairment, HD and 
HD+CVD patients, respectively (p  ̂   0.005). The effect 
of HD was well demonstrated by the significant increase 
in levels of sICAM-1 to 150–160% of the renal impair-
ment group for HD and HD+CVD patients. The same 
pattern was observed for TAFI,  but with lower increases, 
and the difference in the HD+CVD group was highly sig-
nificant compared to the HD group.

  Effect of  L -Arginine Administration 
 After 1 month of  L -arginine treatment in a group of 

HD+CVD patients, a significant reduction in urea and 
TG levels was observed ( table 3 ). The most notable change 
in the studied parameters was observed in the MDA lev-
els, reaching 41% of the average pretreatment level. On 

Table 3. Effect of L-arginine administration (15 g/day, 5 g t.i.d. for 
1 month) on the study parameters in HD patients suffering from 
CVD

Before L-arginine After L-arginine

Creatinine, mg/dl 9.980.47 9.5980.47
Urea, mg/dl 142.9388.5 118.6484.73*
TC, mg/dl 168.7887.33 161.0587.28
TG, mg/dl 166.789.61 149.06810.2*
HDL, mg/dl 30.5981.42 31.481.22
LDL, mg/dl 104.8686.35 99.8486.8
MDA, mmol/ml 6.380.58 3.7180.51*
hsCRP, mg/l 15.982.8 15.5182.72
sICAM-1, ng/ml 351.73822.38 349.78819.37
TAFI Ag, % 146.5185.38 148.4586.1

Data are expressed as mean 8 SEM.
* Statistically significant from before oral L-arginine admin-

istration at p < 0.05.
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  Fig. 1.  Correlation between  a  sICAM-1 
and MDA,  b  sICAM-1 and hsCRP,
 c  sICAM-1 and TAFI, and  d  TAFI and 
MDA in CKD patients (renal impairment, 
HD, HD+CVD groups, n = 62). Each indi-
vidual value is represented by a symbol 
(j), r  =  Pearson correlation coefficients.   
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the other hand, there were no significant changes in the 
levels of sICAM-1, TAFI and hsCRP after  L -arginine in-
take at p  ̂   0.05.

  Correlation Data 
 sICAM-1, TAFI Ag and hsCRP showed significant 

negative correlations with HDL-C levels (r = –0.321,
–0.42 and –0.303 at p  ̂   0.05, 0.001 and 0.05, respective-
ly; data not shown). Levels of sICAM-1 were positively 
and significantly correlated with MDA levels (r = 0.433; 
p  ̂   0.0001;  fig. 1 a), serum hsCRP (r = 0.314; p  ̂   0.005; 
 fig. 1 b), and TAFI (r = 0.337; p  ̂   0.01;  fig 1 c). Moreover, 
a positive and significant association between plasma 
TAFI and both serum MDA (r = 0.331; p  ̂   0.01;  fig. 1 d) 
and TG levels (r = 0.374; p  ̂   0.003; data not shown) were 
depicted. The correlation between parameters was stud-
ied among all CKD patients collectively (n = 62).

  Discussion 

 Cardiovascular disease is the best single predictor of 
mortality in patients with end-stage renal disease (ESRD), 
as it accounts for almost 50% of deaths  [22, 23] . Of the 
various hypotheses offered to explain enhanced athero-
sclerosis and CVD in ESRD, inflammation now appears 
to provide a key to these pathological processes. Inflam-
mation has been shown to play a major role in precipitat-
ing a cascade of events from formation of the atheroma-
tous lesion in response to vascular injury through lipid 
ingestion by macrophages, to subsequent rupture of the 
lesion, and myocardial infarction  [24] . Elevated levels of 
the inflammatory and endothelial cell injury biomarkers, 
MDA, hsCRP and sICAM-1, observed in all studied CKD 
groups, support the idea that chronic uremia is associated 
with low-grade chronic inflammation and enhanced ox-
idative stress.

  As shown in  table 2 , HD patients exhibited a signifi-
cant increase in MDA, sICAM-1 and TAFI as compared 
with the renal impairment group. This suggests that the 
dialysis procedure per se might aggravate the already 
present inflammation. However, we cannot neglect the 
fact that HD patients experienced longer duration and 
more decline of renal failure than the renal impairment 
patients (mean serum creatinine 10 mg/dl in HD patients 
vs. 3 mg/dl in renal impairment patients). The vascular 
access, back leak of dialysate, exposure of circulating 
mononuclear cells to the dialysis membrane as well as 
membrane bioincompatibility may all be factors that en-
hance inflammation in HD patients  [25] .

  Evidence from experimental and clinical studies has 
been accumulating that CRP is not just a sensitive mark-
er of systemic inflammation but also an amplifier of it 
 [26] . Any inflammatory stimuli would prompt the release 
of IL-1, IL-6, and TNF, which can stimulate the liver to 
produce CRP  [24] . Many cardiologists believe now that 
serum CRP level is the strongest univariate predictor of 
the risk of cardiovascular events  [26] . CRP may partici-
pate directly in the pathogenesis of atherosclerosis 
through a variety of mechanisms  [7] . From these, CRP 
activates complement system, binds to degraded LDL 
particles and colocalize with lipid particles in early ath-
erosclerotic lesions  [27] . CRP also induces expression of 
adhesion molecules  [28]  that promote firm adhesion of 
leukocytes to the inflamed endothelium, one key step in 
the initiation of atherosclerosis. The latter can explain 
the linear relationship between hsCRP and sICAM-1 
demonstrated in the correlation study ( fig. 1 b). The fail-
ure to demonstrate a significant difference in hsCRP and 
sICAM-1 between HD and HD+CVD could be related to 
the small sample size and to the fact that all HD+CVD 
were under treatment with nitro-compounds; these in 
the form of transdermal nitroglycerin have demonstrated 
anti-inflammatory action in patients with peripheral 
vascular disease and was able to reduce the plasma levels 
of CRP  [29] .

  The results of the study also demonstrate a positive as-
sociation between MDA and sICAM-1. A reasonable ex-
planation can be inferred from the NO-quenching effect 
of free radicals generated during oxidative stress. NO has 
an inhibitory action on adhesion molecules expression 
 [30] . Previous studies have shown that elevated levels of 
sICAM-1 are associated with CV events in nonrenal in-
dividuals  [31]  as well as mortality rates in pre-dialysis 
ESRD patients with CVD  [32]  and in chronic hemodialy-
sis patients  [33] .

  This study also revealed an increase in TG levels in the 
HD and HD+CVD groups as well as a significant reduc-
tion in HDL-C levels in all CKD patients. These abnor-
malities are mainly due to decreased lipolytic enzyme ac-
tivities as a consequence of elevated proinflammatory cy-
tokines. Both systemic inflammation and low HDL-C 
levels have been regarded as important CV risk factors 
 [34] . The study demonstrated a negative correlation be-
tween serum HDL-C and both hsCRP and sICAM-1 
(data not shown). These observations could be explained 
by many theories. First, HDL-C is known to have anti-
inflammatory action and a direct inhibitory effect on ad-
hesion molecules expression  [35] . Second, inflammatory 
condition is characterized by increased levels of serum 
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amyloid A which replaces apo A-1, the major protein of 
HDL, producing a chemoattractive form of HDL  [36] . 
Hence, reduced levels of HDL-C together with its struc-
tural abnormalities are associated with enhanced in-
flammatory response and increased levels of adhesion 
molecules, including sICAM-1. Based on the above re-
sults, an association between inflammation, adhesion 
molecules, dyslipidemia and atherosclerosis could be as-
sumed.

  One important goal of this study is to investigate the 
levels of plasma TAFI antigen in CKD patients as a recent 
marker of hypofibrinolysis. Results revealed that all CKD 
patients in the study have elevated levels of TAFI Ag as 
compared to controls. The higher levels of TAFI in the 
HD+CVD group in comparison with the HD and renal 
impairment groups may identify its involvement in CV 
events associated with this population. Elevated levels of 
TAFI have been reported in patients with angina pectoris 
and angiographically confirmed coronary artery disease 
 [37] . In addition, previous studies considered TAFI as a 
risk factor for deep vein thrombosis  [14] . The mechanism 
of increased TAFI and its exact role in the pathogenesis 
of CV events in CKD patients is still not fully clear. How-
ever, this study demonstrated a positive correlation of 
TAFI with TG, MDA and sICAM-1 and a negative one 
with HDL-C.

  Beside hepatic cells, it was also reported that endothe-
lial cells can secrete TAFI in response to oxidative stress, 
dyslipidemia and other metabolic abnormalities in ure-
mia; and this could explain in part the previous associa-
tions and the increase of TAFI in patients with chronic 
renal failure  [38] . Elevated circulating TAFI Ag and activ-
ity has also been reported in nephritic syndrome  [39] .

  In a previous work  [18] ,  L -arginine supplementation to 
HD patients with CVD provided significant success in 
reducing the markers of oxidative stress and endothelial 
dysfunction (asymmetric dimethyl arginine, homocyste-
ine, myeloperoxidase, and MDA) in the blood of these 
patients after 1 month of treatment. By comparison and 
under the same conditions of the aforementioned study, 

 L -arginine supplementation in the present study did not 
demonstrate significant improvement in the inflamma-
tion and fibrinolysis associated with HD. It did not ag-
gravate them either. The failure to demonstrate signifi-
cant effects of  L -arginine on levels of hsCRP and sICAM-
1 agrees with two previous studies in healthy women  [40]  
and in patients with coronary artery disease  [41] . The 
short duration and insufficient dose of  L -arginine might 
represent an explanation. One exception from these neg-
ative effects is the highly significant reduction in MDA 
concentrations by  L -arginine, which was also demon-
strated in our previous study  [18] . These results are con-
sistent with in vitro studies that showed that  L -arginine 
supplementation prevents preferential superoxide pro-
duction in endothelial cells exposed to near physiological 
levels of oxidized-LDL  [42] .

  In conclusion, the most notable findings of this study 
are:
  (1) Markers of inflammation (hsCRP, sICAM-1) and hy-

pofibrinolysis (TAFI) are elevated in CKD patients. 
 (2) These markers are positively correlated with each oth-

er and with oxidative stress marker (MDA). 
 (3) Inflammation and hypofibrinolysis persist under di-

alysis treatment. 
 (4) HD patients with established CVD complications have 

higher levels of the risk parameters (TAFI and MDA) 
and tendency for elevation for other parameters, which 
might need larger sample size for significance. 

 (5) Oral  L -arginine administration, at the provided dose 
and duration, has no added therapeutic value on the 
studied inflammation and hypofibrinolysis cascades. 
Its improving effect on oxidative stress and endothe-
lial dysfunction was provided in the earlier report 
 [18] . 
 Our main recommendations are to consider chronic 

inflammation and hypofibrinolysis in the management 
regimen of HD patients and to look for a comprehensive 
approach to minimize the CV complications associated 
with HD treatment.
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