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CARDIOVASCULAR BIOMARKERS IN CHRONIC KIDNEY DISEASE
BIOHEMIJSKI MARKERI KARDIOVASKULARNIH BOLESTI U HRONI^NOJ BOLESTI BUBREGA
Mirjana \eri}, Velibor S. ^abarkapa
Center for Laboratory Medicine, Clinical Center of Vojvodina, Novi Sad, Serbia

Summary: Cardiovascular morbidity and mortality are
markedly increased in chronic renal failure patients.
Although it cannot be regarded as a cardiovascular disease
risk equivalent, kidney dysfunction is considered an
independent predictor of increased cardiovascular risk that
increases with deteriorating kidney function. The association is a very complex one, and the term cardiorenal
syndrome is now widely used. Cardiovascular disease in
chronic kidney disease patients usually manifests as
ischemic heart disease (in the form of angina, acute coronary syndrome or sudden cardiac death), cerebrovascular
disease, peripheral vascular disease, and congestive heart
failure. Vascular disease includes atherosclerosis and
vascular calcifications, and cardiomyopathy comprises left
ventricular hypertrophy, cardiac fibrosis and left ventricular
systolic and diastolic dysfunction. In addition to the wellestablished traditional risk factors such as hypertension,
hyperlipidemia, insulin resistance and diabetes mellitus, the
association is supported by synergistic action of non-traditional risk factors such as excessive calcium-phosphorus
load, hyperparathyroidism, anemia, hemodynamic overload, malnutrition, inflammation, hyperhomocysteinemia,
altered nitric oxide synthase and increased oxidative stress.
This paper summarizes the current understanding of the
significance of specific uremic retention solutes, natriuretic
peptides, biochemical markers of disorders in calciumphosphorus homeostasis, systemic inflammation, oxidative
stress, and dyslipidemia.
Keywords: chronic renal failure, cardiovascular disease,
biochemical markers

Kratak sadr`aj: Kod pacijenata sa hroni~nim oboljenjem
bubrega, kardiovaskularni morbiditet i mortalitet su zna~ajno povi{eni. Iako se ne mo`e smatrati ekvivalentom rizika
za kardiovaskularne bolesti, veruje se da je bubre`na insuficijencija nezavisni prediktor pove}anog kardiovaskularnog
rizika i da se taj rizik pove}ava sa slabljenjem bubre`ne
funkcije. Ova udru`enost je veoma kompleksna i danas se
{iroko koristi termin kardiorenalni sindrom. Kardiovaskularna bolest u hroni~noj bolesti bubrega obi~no se ispoljava
kao ishemijska bolest srca (u obliku angine, akutnog koronarnog sindroma ili nagle sr~ane smrti), cerebrovaskularna
bolest, periferna vaskularna bolest i kongestivna bolest
srca. Vaskularna bolest obuhvata aterosklerozu i vaskularne
kalcifikacije, dok kardiomiopatija obuhvata hipertrofiju leve
komore, kardijalnu fibrozu i sistolnu i dijastolnu disfunkciju
leve komore. Pored dobro poznatih tradicionalnih faktora
rizika kao {to su hipertenzija, dislipidemija, insulinska rezistencija i diabetes mellitus, u osnovi ove udru`enosti je i
sinergisti~ko delovanje netradicionalnih faktora rizika kao
{to su pove}anje odnosa kalcijum-fosfor, hiperparatireoidizam, anemija, hemodinamsko optere}enje, pothranjenost, zapaljenje, hiperhomocisteinemija, izmenjena sinteza
azot-monoksida i pove}an oksidativni stres. U radu se razmatraju dosada{nja saznanja o zna~aju pojedinih uremijskih toksina, natriureti~kih peptida, biohemijskih markera
poreme}aja u homeostazi kalcijuma i fosfora, sistemske
inflamacije, oksidativnog stresa i dislipidemije.
Klju~ne re~i: hroni~na bubre`na insuficijencija, kardiovaskularna bolest, biohemijski markeri
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Kidney dysfunction is nowadays considered an
independent predictor of an increased cardiovascular
(CV) risk that increases with deteriorating kidney
function. CV mortality thus accounts for almost one
half, and sudden cardiac death for almost one quarter
of mortality in end-stage renal disease (ESRD) (1, 2).
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The interaction between the heart and the
kidneys is a complex one. Cardiovascular disease
(CVD) in chronic kidney disease (CKD) patients usually manifests as ischemic heart disease, cerebrovascular disease, peripheral vascular disease and congestive heart failure. Vascular disease comprises
atherosclerosis and vascular calcifications, whereas
cardiomyopathy comprises left ventricular hyperthrophy, cardiac fibrosis and left ventricular systolic
and diastolic dysfunction (2– 4).
Chronic kidney disease causes hypertension,
dyslipidemia, insulin resistance and eventually diabetes
mellitus (5), and is associated with non-traditional risk
factors such as excessive calcium-phosphorus load,
hyperparathyroidism, anemia, hemodynamic overload,
malnutrition, inflammation, hyperhomocysteinemia,
altered nitric oxide (NO) synthase, and increased
oxidative stress (1, 4).
Uremic retention solutes
Uremic retention is a complex problem that
involves progressive retention of a large number of
components that are normally excreted through
healthy kidneys and are difficult to remove by dialysis.
The components are called retention solutes, or
uremic toxins, considering their unfavorable effects
on biological functions. The biological activity and clinical role of particular uremic toxins is not directly
dependent on their concentrations; urea and creatinine, the most widely used markers of uremic retention that have high serum concentrations, have a
relatively limited biological activity (6). Protein-bound
compounds have recently been identified as the
toxins playing a major part in the development of
vascular lesions in CKD.
In the group of phenols, p-cresol, a product of
phenylalanine and tyrosine metabolism circulating
mainly in the form of conjugated p-cresylsulphate,
has been shown in clinical studies to predict CV
mortality in hemodialysis patients (7), which has been
associated with increased oxidative burst activity. Phenylacetic acid, a degradation product of the phenylalanine metabolism, may also contribute to
oxidative stress in CKD patients through different
effects on the regulation of nitric oxide synthase (8).
Polyamines, mostly intracellular organic cations
(spermine, spermidine and putrescine) produced by
L-arginine catabolism, have also been found to
exhibit toxic effects on vascular cells in renal failure
patients (9).
Among indoles, tryptophan degradation metabolites, kynurenines show an independent and
significant association with endothelial dysfunction in
ESRD patients (10). The vascular toxins include
indoxyl sulphate, which acts mainly via pro-oxidant
mechanisms (11) and is possibly involved in vascular
remodeling (12).

299

As regards advanced glycation end-products
(AGE), the major effect of protein glycation in uremia
is loss of clearance of glycation free adducts. It is
assumed that they return to vascular cells and impair
their function, thus likely contributing to increased CV
risk. The changes in plasma levels of glycation adduct
residues of proteins are mostly moderate, since they
are not removed directly through the kidneys (13).
Increased AGE formation in uremia may be a result of
impaired receptors for AGE (RAGE) by the S100A12.
Moreover, an independent association of this uremic
toxin with carotid intimal media thickness in ESRD
has been suggested, and its role is likely a proinflammatory one (14). The dicarbonyl proteome is
likely a mediator in glycational damage in uremia.
Elevated levels of dicarbonyl glycating agents in
patients on dialysis, the so-called dicarbonyl stress,
result from the changes in their endogenous
production, alterations in the activity of enzymes
involved in anti-glycation defense and their decreased
clearance (13). Endothelial dysfunction, increased
atherogenicity of LDL and proinflammatory activity of
AGEs may associate protein glycation with an
increased risk of CVD in ESRD patients (8, 13)
Asymmetric dimethylarginine (ADMA), a free
water-soluble low molecular weight solute and a
catabolite of proteins containing methylated arginine
residue, causes endothelial dysfunction by direct and
indirect effects on NO activity, and is now considered
a strong marker of atherosclerosis and a predictor of
mortality and CVD complications in CKD and ESRD
(11). Increased ADMA in uremia may be induced by
increased enzymatic synthesis or reduced enzymatic
degradation (15).
Cystatin C, a small 13 kD protein, is a cysteine
proteinase inhibitor produced constantly by all
nucleated cells, mostly unrelated to renal function. It
is filtered freely in renal glomeruli and reabsorbed
and catabolized in proximal tubules. It is considered a
marker of primarily mildly to modestly impaired renal
function. Its increased plasma concentrations have
been found to predict the presence and severity of
CVD in mild renal impairment, hence it could be an
early marker of vascular risk (16). It has been
suggested that cystatin C may directly contribute to
atherogenesis by affecting arterial extracellular matrix
remodeling (17).
Leptin, a 16 kD protein and a product of the
obese (ob) gene, exhibits numerous potentially
atherogenic, thrombogenic and angiogenic effects on
cardiovascular homeostasis. It has been shown in
numerous studies to be an independent risk factor for
clinical atherosclerosis. Furthermore, plasma leptin
correlates with some markers of subclinical atherosclerosis in renal failure patients (11, 12, 18). Its
increase in CKD is due not only to a decreased glomerular filtration rate, but also to decreased catabolism in renal parenchymal cells and increased
synthesis influenced by immunological and metabolic
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factors, primarily insulin and tumor necrosis factor-a
(TNF-a) (19). However, due to pleiotropy of leptin’s
actions and its possible functional role in several
clinical manifestations associated with renal failure,
primarily related to energy metabolism, it is still
unclear whether uremic patients are sensitive or
resistant to some of leptin’s actions (18).
In addition, many other uremic toxins such as
uric acid, dinuclueoside polyphosphates, b2-microglobulin, interleukin-18 (IL-18), IL-1b, TNF-a and angiotensin-II have been implicated in the development of
endothelial dysfunction and initiation and progression of
atherosclerosis as a chronic inflammation condition,
primarily by acting proinflammatory and increasing
oxidative stress (8, 11). Proinflammatory cytokines
basically represent secondary uremic toxins, since
their expression is initially triggered by the uremic
condition and the retention occurs due to loss of renal
clearance.
Parathormone (PTH), phosphate, homocysteine
and natriuretic peptides, which could also be classified under uremic toxins, have specific characteristics and hence will be described separately.
Hyperhomocysteinemia
Homocysteine (Hcy), a 13 kD sulfur-containing
amino acid, is produced by the methionine metabolism and metabolized through the remethylation
and transsulfuration pathways. In hemodialysis and
kidney failure patients, there are complex changes in
the sulfur-amino acid metabolism. Although a decreased Hcy catabolism as a result of chronic uremia and
impaired tubular cells has been suggested, renal
function described as creatinine clearance is the
strongest determinant for total Hcy (20).
Most major clinical studies in the general
population and in CKD patients have found hyperhomocysteinemia to be an independent cardiovascular risk factor. However, this has been contradicted
in a majority of secondary preventive intervention
studies, suggesting that Hcy is only an associated
marker. As a potential candidate, S-adenosylhomocysteine (AdoHcy), a potent competitive methyltransferase inhibitor that is itself a predictor of CVD and
whose increased intracellular concentration is associated with hyperhomocysteinemia, has been suggested. In CKD and uremia, hyperhomocysteinemia
and high levels of intracellular AdoHcy are associated
with inhibition of DNA methyltransferases and altered
gene expression. Furthermore, since plasmatic homocysteine is almost completely protein-bound, it is
possible that homocysteine toxicity originates from
protein homocysteinylation that may contribute to
structural and functional alterations at the molecular
and cellular level. However, there is strong evidence
about direct atherogenic and thrombogenic potentials of Hcy (21, 22).

Natriuretic peptides
The family of natriuretic peptides, in particular
BNP (B-type), and its precursor NT-proBNP (N-terminal pro-B-type), are reliable biomarkers of increased
myocyte stress, whose diagnostic and prognostic value
has been established within the CVD spectrum. These
regulatory peptides are secreted from myocytes in
response to volume and pressure overload. However,
their prognostic value in CKD could be diminished by
the fact that their clearance, like other small molecular
weight proteins, is dependent on renal function (23). A
recent prospective study has shown, however, that
despite the inverse association of BNP and NT-proBNP
with glomerular filtration rate, an independent predictor of their serum concentrations is cardiac production (24). NT-proBNP has been shown a better
predictor of early mortality in the renal-dialysis population, compared with troponin T (TnT), which is
primarily predictive of later mortality (25).
Alteration in calcium-phosphorus
homeostasis
As a result of hyperphosphatemia and a high
prevalence of nutritional vitamin D deficiency in
patients with renal dysfunction, CKD patients have
hyperparathyroidism and higher calcium-phosphorus
product that necessarily lead to bone remodeling and
soft tissue and vascular calcifications. Along with
extensive and marked atherosclerotic intimal calcifications, there are present medial types of calcifications (Monckeberg’s calcinosis). The systemic
disease of mineral and bone metabolism in uremic
patients is termed Chronic Kidney Disease-Mineral
and Bone Disorder (CKD-MBD) (12, 26, 27).
It has been clearly established that the presence
of arterial calcification is a predictor of increased
mortality and CV death in ESRD patients (1, 2).
Hyperphosphatemia is an independent risk factor for
vascular calcifications and CV events, and mortality
risk increases with elevated serum phosphorus levels
and calcium-phosphorus product (26, 27). In addition, some epidemiological and in vitro studies seem
to corroborate the stimulatory effect of PTH on
cardiac fibrosis and its negative effect on left ventricular myocardial function and cardiac hypertrophy in
uremic patients (26, 28).
In addition to these pro-calcific factors, the progression of mineralization depends also on inhibitory
factors such as fetuin-A, pyrophosphate, osteopontin,
osteoprotegerin, and y-carboxyglutamic acid protein.
Recent data suggests that serum fetuin-A (alpha2Heremans Schmid glycoprotein; AHGS), a circulating
calcium inhibitor in vivo and a negative acute phase
protein, may be a significant mediator of vascular
calcification in patients with ESRD, as well as an
inflammatory predictor of overall and CV mortality,
even more potent than C-reactive protein (CRP) (29).
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Systemic inflammation
Chronic systemic inflammation is a constituent
part of CKD because of a range of factors interplaying
in the predialysis and especially in the dialysis stage,
such as reduced cytokine clearance, uremic retention
solutes, oxidative stress, atherosclerosis per se, different non-verified infections, membranous bioincompatibility and exposure to endotoxins (8, 30). CKD is
virtually a condition of chronic low-grade inflammation, termed para-inflammation, subclinical inflammation, or micro-inflammation, and inflammation
has been well-established as one of the most potent
non-traditional risk factors for CVD and atherosclerosis (4).
Among the circulating inflammation markers, C
reactive protein (CRP) is the most important as a
strong and independent indicator of vascular risk in
ESRD patients. A strong association between plasma
CRP levels and all-cause and cardiovascular mortality
in renal patients was established already in early studies (31, 32). CRP is an acute-phase reactant synthesized in the liver in response to proinflammatory
cytokines IL-1, IL-6 and TNF-a, which are all also
significantly increased in ESRD and predict mortality
(23). Interleukin-6 has recently been found to be a
much more reliable predictor not only of CVD and
mortality, but also of malnutrition in ESRD (33). In
addition, CRP correlates with many other acute phase
reactants that are potent CV risk factors (1, 34). CRP
has been shown to have numerous proatherogenic,
prothrombotic and proliferative characteristics and
play a possible causal role in different stages of
atherogenesis (34, 35). Unfortunately, it lacks
specificity (4, 23).
Monocytes and monocyte-derived macrophages
are inflammation components directly involved in the
atherosclerotic plaque pathogenesis. CKD is
characterized by a domination of monocytes with a
high level of expression of the surface molecules
CD14 and CD16 (CD14++CD16++ monocytes) and
angiotensin conversion enzyme (ACE) on their
surface, which may be associated with increased
oxidative stress in the plaque. The presence of large
numbers of these proinflammatory tissue-aggressive
monocytes has been found to be a strong predictor of
mortality in hemodialysis patients and a prospective
CVD marker (36).
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vascular and glomerular cells, leukocytes and renal
interstitial cells, as well as from a loss of antioxidant
activity (37, 38). It has been suggested that particularly the treatment of uremic patients with hemodialysis and peritoneal dialysis contributes to oxidative
stress and decreased antioxidative defense mechanisms (39). Other reasons for ROS elevations are a
high frequency of diabetes, chronic inflammation and
excessive intake of parenteral iron (40, 41).
Oxidative stress leads to structural and/or
functional impairments in cellular components such
as DNA, proteins, carbohydrates and lipids, and
therefore represents a significant cofactor contributing to endothelial dysfunction, inflammation, atherosclerosis and glomerulosclerosis (42, 43). The imbalance in ROS formation may have deep vascular
deleterious effects, as well as affect the pathogenesis
and progression of heart failure, since oxidative stress
may damage cellular proteins and cause myocyte
apoptosis and necrosis (44).
In chronic renal failure patients, markers of lipid
peroxidation and markers of antioxidant defense have
been associated with reduced endothelium-dependent vasodilatation, through regulation of NO
bioavailability (4, 42). In hemodialysis patients, there
is an increased production of oxidized low density
lipoproteins (LDL), and autoantibody titer against
oxLDL is a predictor of mortality in ESRD patients on
vitamin supplementation. Increased LDL oxidation
seen in uremic patients can play a significant role in
atherogenesis via multiple pathophysiological mechanisms (31). Additionally, studies on effects of
hemodialysis treatment on oxidative stress in ESRD
have suggested that malondialdehyde (MDA) levels
should be measured as a marker of oxidative damage
of lipids and ALA-D (d-Aminolevulinate dehydratase)
reactivation index as a marker of oxidative damage of
thiol protein (39).
Dyslipidemia

Oxidative stress is defined as a condition of
imbalance between reactive oxygen species (ROS)
production and endogenous antioxidant defense
mechanisms.

Dyslipidemia, a well-known traditional risk factor
for premature atherosclerosis is found in 40–60% of
CKD patients (45). It is characterized by accumulation of triglyceride-rich particles and decreased
HDL-cholesterol concentrations, due to impaired
triglyceride removal and/or increased triglyceride
synthesis rate or VLDL apoB-100 overproduction
(46). Cholesterol concentrations are typically similar
to or lower than those in the general population (31,
43), but this pattern often conceals a highly abnormal
lipid subfraction profile with a predominance of
atherogenic small, dense LDL (sd LDL) and HDL
particles (47). Furthermore, elevated serum Lp(a)
concentrations have also been reported (48).

As shown in a series of reports over the past
years, renal patients live under particular prooxidative conditions. Increased oxidative stress in uremia results from an increased ROS production in

Although the Framingham Heart Study has
shown that HDL-cholesterol and CKD have a
synergistic effect on CVD risk (49), the prognostic
value of dyslipidemia in CKD has not been confirmed

Oxidative stress
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(34). Moreover, paradoxically, it was found that
mortality was higher in patients with low cholesterol
levels, which is likely attributable to the effects of
associated factors such as malnutrition and higher
levels of systemic inflammation (50). Dyslipidemia
and inflammation are associated through several
mechanisms and it is believed that they together may
be responsible for premature atherosclerosis in renal
disease. Even if dyslipidemia is not clearly associated
with CVD in hemodialysis patients, it may act through
the inflammatory process and thus accelerate
atherosclerosis.
Conclusion
Although it cannot be regarded as a CVD risk
equivalent, CKD does represent a risk factor for CVD.

The association is a very complex one, and the term
cardiorenal syndrome (CRS) is now widely used, albeit
without a consistent or well-defined definition. In
addition to the well-established traditional risk factors
such as hypertension, dyslipidemia, insulin resistance
and diabetes mellitus, the association is supported by an
interplay of non-traditional risk factors such as excessive
calcium-phosphorus load, hyperparathyroidism, anemia,
hemodynamic overload, malnutrition, systemic inflammation, hyperhomocysteinemia, altered nitric oxide
synthesis, and increased oxidative stress.

Conflict of interest statement
The authors stated that there are no conflicts of
interest regarding the publication of this article.

References
1. Hage FG, Venkataraman R, Zoghbi GJ, Perry GJ,
DeMattos AM, Iskandrian AE. The scope of coronary
heart disease in patients with chronic kidney disease. J
Am Coll Cardiol 2009; 53: 2129–40.
2. Wang AYM, Chan DTM, Lai KN. Cardiovascular
disease in end-stage renal disease. Hong Kong J
Nephrol 2006; 8: 10–16.
3. Ronco C, Haapio M, House AA, Anavekar N, Bellomo
R. Cardiorenal syndrome. J Am Coll Cardiol 2008; 52:
1527–39.
4. Girndt M, Seibert E. Premature cardiovascular disease
in chronic renal failure (CRF): A model for an advanced
ageing process. Experimental Gerontology (2010), doi:
10.1016/j.exger.2010.04.003.

Van der Giet M, Zidek W. Endothelium and vascular
smooth muscle cells in the context of uremia. Semin
Dial 2009; 22: 428–32.
12. Barreto FC, Barreto DV, Liabeuf S, Drüeke TB, Massy
ZA. Effects of uremic toxins on vascular and bone
remodeling. Semin Dial 2009; 22: 433–7.
13. Thornalley PJ, Rabbani N. Highlights and hotspots of
protein glycation in end-stage renal disease. Semin Dial
2009; 22: 400–4.
14. Mory Y, Kosaki A, Kishimoto N, Kimura T, Iida K, Fukui
M, et al. Increased plasma S100A12 (EN-RAGE) levels
in hemodialysis patients with atherosclerosis. Am J
Nephrol 2009; 29: 18–24.

5. Herzog CA, Ma JZ, Collins AJ. Poor long-term survival
after acute myocardial infarction among patients on
long-term dialysis. N Engl J Med 1998; 339:
799– 805.

15. Matsuguma K, Ueda S, Yamagishi S, Matsumoto Y,
Kaneyuki U, Shibata R, et al. Molecular mechanism for
elevation of asymmetrical dimethylarginine and its role
for hypertension in chronic kidney disease. J Am Soc
Nephrol 2006; 17: 2176–83.

6. Vanholder R, De Smet R, Glorieux G, Argiles A,
Baurmeister U, Brunet P, et al. Review on uremic toxins:
classifications, concentrations and interindividual variability. Kidney Int 2003; 63: 1934–43.

16. Wagner C. Cystatin C, renal function and cardiovascular
risk. Journal of Medical Biochemistry 2008; 27: 426–
31.

7. Meijers BK, Bammens B, De Moor B, Verbeke K, Vanrenterghem Y, Evenepoel P. Free p-cresol is associated
with cardiovascular disease in hemodialysis patients.
Kidney Int 2008; 73: 1174–80.

17. Eriksson P, Deguchi H, Samnegard A, Lundman P,
Boquist S, Tornvall P, et al. Human evidence that the
cystatin c gene is implicated in focal progression of
coronary artery disease. Atheroscler Thromb Vasc Biol
2004; 24: 551–7.

8. Glorieux G, Cohen G, Jankowski J, Vanholder R. Platelet/leukocyte activation, inflammation, and uremia.
Semin Dial 2009; 22: 423–7.

18. Beltowski J. Leptin and atherosclerosis. Atherosclerosis
2006; 189: 47–60.

9. Igarashi K, Ueda S, Yoshida K, Kashiwagi K. Polyamines
in renal failure. Amino acids 2006; 31: 477– 83.

19. Merabet E, Dagogo-Jack S, Coyne DW, Klein S,
Santiago JV, Hmiel P, et al. Increased plasma leptin
concentration in end-stage renal disease. J Clin Endocrin Metab 1997; 82: 847–50.

10. Pawlak K, Domaniewski T, Mysliwiec M, Pawlak D.
Kynurenines and oxidative status are independently
associated with thrombomodulin and von Willebrand
factor levels in patients with end-stage renal disease.
Thromb Res 2009; 124: 452–7.
11. Günthner T, Jankowski V, Kretschmer A, Nierhaus M,

20. Leskinen Y, Lehtimäki T, Loimaala A, Huhtala H, Salenius JP, Oja SS, et al. Homocysteine and carotid
atherosclerosis in chronic renal failure – the confounding effect of renal function. Atherosclerosis 2004;
175: 315–23.

J Med Biochem 2010; 29 (4)

303

21. Perna AF, Ingrosso D, Violetti E, Luciano AG, Sepe I,
Lanza D, et al. Hyperhomocysteinemia in uremia – a red
flag in a disrupted circuit. Semin Dial 2009; 22: 351–6.

sion of angiotensin conversion enzyme predict mortality
in patients with end-stage renal disease. Nephrol Dial
Transplant 2010; 25: 2265–72.

22. Kaul S, Zadeh AA, Shah PK. Homocysteine hypothesis
for atherothrombotic cardiovascular disease not validated. J Am Coll Cardiol 2006; 48: 914–23.

37. Ickihawa I, Kiyama S, Yoshioka T. Renal antioxidant
enzymes: their regulation and function. Kidney Int
1994; 45: 1–9.

23. Braunwald E. Biomarkers in heart failure. N Engl J Med
2008; 358: 2148 –59.

38. Ceballos-Picot I, Witko-Sarsat V, Merad-Boudia M, Nguyen AT, Thévenin M, Jaudon MC, et al. Glutathione antioxidant system as a marker of oxidative stress in chronic
renal failure. Free Radic Biol Med 1996; 21: 845–53.

24. Van Kimmenade RRJ, Januzzi JL Jr, Bakker JA, Houben
AJ, Ronnenberg R, Kroon AA, et al. Renal clearance of
B-type natriuretic peptide and amino terminal pro-B-type
natriuretic peptide. A mechanistic study in hypertensive
subjects. J Am Coll Cardiol 2009; 53: 884–90.
25. McGill D, Talaulikar G, Potter JM, Koerbin G, Hickman
PE. Over time, high-sensitivity TnT replaces NT-proBNP
as the most powerful predictor of death in patients with
dialysis-dependent chronic renal failure. Clin Chim Acta
2010: 411: 936–9.
26. Rodriguez M, Lorenzo V. Parathyroid hormone, a
uremic toxin. Semin Dial 2009; 22: 363–8.
27. Spasovski G, Massy Z, Vanholder R. Phosphate metabolism in chronic kidney disease: from pathophysiology to
clinical management. Semin Dial 2009; 22: 357–62.
28. Fellah H, Hammami MB, Feki M, Boubaker K, Abdallah
TB, Lacour B, et al. Predictors for cardiovascular morbidity and overall mortality in Tunisian ESRD patients: a
six year prospective study. Clin Biochem 2009; 42:
648–53.
29. Ketteler M, Bongartz P, Westenfeld W, Wildberger JE,
Mahnken AH, Bohm R, et al. Association of low fetuinA (AHSG) concentrations in serum with cardiovascular
mortality in patients on dialysis: a cross-sectional study.
Lancet 2003; 361: 827–33.
30. Panichi V, Manca Rizza G, Taccola D, Paoletti S, Mantuano E, Migliori M, et al. C-reactive protein in patients
on chronic hemodialysis with different techniques and
different membranes. Biomed Pharmacother 2006;
60: 14–17.
31. Bayes B, Pastor C, Bonal J, Junca J, Hernandez JM,
Riutort N, et al. Homocysteine, C-reactive protein, lipid
peroxidation and mortality in hemodialysis patients.
Nephrol Dial Transplant 2003; 18: 106–12.
32. Vidt DG. Inflammation in renal disease. Am J Cardiol
2006; 97: Suppl 1: 20–7.
33. Honda H, Quereshi AR, Heimburger O, Barany P, Wang
K, Pecoits-Filho R, et al. Serum albumin, C-reactive
protein, interleukin-6, and fetuin-A as predictors of
malnutrition, cardiovascular disese, and mortality in
patients with ESRD. Am J Kidney Dis 2006; 47:
139–48.
34. Wanner C, Drechsler C, Krane V. C-reactive protein and
uremia. Semin Dial 2009; 22: 438–41.
35. Bisoendial RJ, Kastelein JJP, Stroes ESG. C-reactive
protein and atherogenesis: From fatty streak to clinical
event. Atherosclerosis 2007; 195: e10–18.
36. Ulrich C, Heine GH, Seibert E, Fliser D, Girndt M.
Circulating monocyte subpopulations with high expres-

39. Valentini J, Grotto D, Paniz C, Roehrs M, Burg G, Garcia
SC. The influence of the hemodialysis treatment time
under oxidative stress biomarkers in chronic renal failure
patients. Biomed Pharmacother 2008; 62: 378 – 82.
40. Euchant E, Carbonneau MA, Dubourg L, Thomas MJ,
Perromat A, Clerc M. Lipoperoxidation in plasma and
red blood cells of patients undergoing haemodialysis:
vitamin A, E and iron status. Free Radic Biol Med 1994;
16: 339–46.
41. ^olak E, Majki}-Singh N. The effect of hyperglycemia
and oxidative stress on the development and progress
of vascular complications in type 2 diabetes. Journal of
Medical Biochemistry 2009; 28: 63–71.
42. Annuk M, Zilmer M, Lind L, Linde T, Fellström B.
Oxidative stress and endothelial function in chronic
renal failure. J Am Soc Nephrol 2001; 12: 2747–52.
43. Galle J. Oxidative stress in chronic renal failure. Nephrol Dial Transplant 2001; 16: 2135–7.
44. Grieve DJ, Shan AM. Oxidative stress in heart failure:
more than just damage. Eur Heart J 2003; 24: 2161–3.
45. \ur|evi}-Mirkovi} T, \uri} S. Lipid metabolism disturbance in kidney diseases. In: \eri} M, Stoki} E, Todorovi}-\ilas Lj. Hyperlipoproteinemias–current aspects,
Physicians Society of Vojvodina–Serbian Physicians
Society, Novi Sad, 2005: 255–60.
46. Prinsen B, De Sain van der Velden M, De Koning E,
Koomans H, Berger R, Rabelink T. Hypertriglyceridemia
in patients with chronic renal failure: possible mechanisms. Kidney Int 2003; 63: 121–4.
47. Rajman I, Harper L, McPake D, Kendall MJ, Wheeler
DC. Low density lipoprotein subfraction profiles during
the progression of chronic renal failure. Nephrol Dial
Transplant 1998; 13: 2281–7.
48. Cauza E, Kletzmaier J, Bodlaj G, Dunky A, Herrman W,
Kostner K. Relationship of non-LDL-bound apo (a),
urinary apo(a) fragments and plasma Lp(a) in patients
with impaired renal function. Nephrol Dial Transplant
2003; 18: 1568–72.
49. Parikh NI, Hwang SJ, Larson MG, Levy D, Fox CS.
Chronic kidney disease as a predictor of cardiovascular
disease (from the Framingham Heart Study). Am J
Cardiol 2008; 102: 47–53.
50. Iseki K, Yamazato M, Tozawa M, Takishita S. Hypocholesterolemia is a significant predictor of death in a
cohort of chronic hemodialysis patients. Kidney Int
2002; 61: 1887–93.

Received: June 24, 2010
Accepted: July 1, 2010

