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Abstract

Background and aims. Cardiovascular (CV) disease is the leading cause of
morbidity and mortality in hemodialysis (HD) patients. Kidney disease is associated
with increased oxidative stress (OS), a nontraditional CV risk factor. Few studies
evaluate the effect of OS markers on CV events (CVE) and survival in HD patients.
The aim of this study is to examine potential determinants of OS markers and their
predictive role on survival and CV morbidity and mortality in HD patients during a
long-term follow-up (108 months).

Methods. We conducted an analytical cross-sectional prospective observational
study, carried on a cohort of randomly selected HD patients. We registered in 44 HD
patients baseline characteristics, OS markers, mortality and CVE over a period of 108
months and we used statistical analysis (descriptive, Kaplan-Meier, univariate and
multivariate Cox model) for interpretation.

Results. Bound malondialdehyde (bMDA) was positively correlated with
serum calcium, protein carbonyls (PC) were inversely correlated with diastolic blood
pressure (DBP) and directly correlated with ferritin, NO_was directly correlated with
ceruloplasmin) and serum albumin. Of the measured OS markers only bMDA was
related to survival (HR=3.29 95% CI (1.28-8.44), p=0.01), and approached statistical
significance in the effect on CV mortality (HR=2.85 95% CI (0.88-9.22), p=0.07).
None of the measured OS markers was associated with CVE.

Conclusions. bMDA has a strong predictive value on survival in HD patients
in a long-term follow-up (9 years). Its value is correlated with CV mortality but is
not a predictor of CV events. Regular assessment of MDA in HD patients and the
development of strategies aimed at reducing oxidative stress in these patients might
be beneficial.
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Cardiovascular mortality in patients with end-stage

Cardiovascular disease is the leading cause of  renal disease (ESRD) is 10 to 20 times higher than in
death in patients with chronic kidney disease (CKD).  the general population [1]. Classic risk factors (diabetes
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mellitus, smoking, dyslipidemia, high blood pressure,
sedentary lifestyle, and obesity) do not entirely explain
the high incidence of CV disease in these patients; other,
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non-traditional risk factors must play a role and amongst
them oxidative stress (OS) and inflammation should be
emphasized. OS and inflammation are inseparably linked,
as they induce and amplify one another [2] and may cause
cardiovascular damage. In addition, OS may be involved
in the pathogenesis of other cardiovascular risk factors in
CKD, such as anemia, amyloidosis and malnutrition [3,4].

HD patients are subjected to enhanced oxidative
stress, as a result of increased pro-oxidant activity [5] and
reduced anti-oxidant systems [3] related both to end stage
renal disease (ESRD) and hemodialysis techniques [6,7].
Diabetes mellitus, advanced age, inflammation, uremia,
bio-incompatibility of dialysis membranes and solutions
(use of ultrapure dialysate results in less OS than standard
dialysate) [8], intravenous iron therapy [9] are the main
causes of increased pro-oxidant activity in HD patients
[3]. Excessive reactive oxygen species (ROS) levels can
produce cellular damage by interacting with biomolecules
(proteins, lipids, and nucleic acids) and thus have negative
effects on tissue function and structure.

ROS can react with polyunsaturated fatty acids
producing lipid hydroperoxides. Malondialdehyde (MDA)
is the breakdown product of the major chain reactions
leading to definite oxidation of polyunsaturated fatty
acids such as linolenic acid and thus is a useful indicator
for assessing oxidative damage [10,11]. MDA can interact
with DNA and proteins [7] and has been shown to have
mutagenic and cytotoxic effects and possibly to be involved
in the pathogenesis of several human diseases, including
atherosclerosis [11]. MDA levels increase with the
progression of kidney dysfunction and in HD patients with
dialysis vintage [12]. In biological systems, MDA exists both
free (fMDA) and bound (bMDA) to SH and/or NH2 groups
of proteins, nucleic acids and lipoproteins. Chemically
reactive fMDA is an index of recent and potential damage,
while bMDA, excreted by the kidney, is a marker of an older
injury [13]. MDA levels in HD patients can be reduced by
L-carnitine [14] and N-acetylcysteine [15].

Proteins are susceptible to oxidative stress too, and
recently some studies have demonstrated the deleterious
effect of serum oxidized albumin on cardiovascular
mortality and morbidity in HD patients [16,17]. The
biomarker generally used to estimate protein oxidation
are protein carbonyls (PC); increased levels have been
described in HD patients [18].

Antioxidant systems including enzyme systems,
water soluble, and fat-soluble free radical scavengers
eliminate reactive oxygen species ideally before they inflict
oxidative damage. Ceruloplasmin (CP) is a plasma protein
that allows incorporation of iron into transferrin without
the formation of toxic iron products. Under physiologic
conditions, CP is also important in the control of membrane
lipid oxidation, likely by direct oxidation of cations, thus
preventing their catalysis of lipid peroxidation [19]. Nitric
oxide (NO), part of the antioxidant system, is a gaseous

lipophilic free radical cellular messenger synthesized by
nitric oxide synthases and which plays an important role in
the protection against CV disease. Few long-term follow-
up studies that evaluate the impact of OS on morbidity and
mortality in HD patients are available in the literature.

The aim of this study is to evaluate the impact of
OS markers on CV morbidity and mortality and all-cause
mortality in a long-term follow-up and to examine potential
determinants of OS markers in HD patients.

Methods

Patients

We conducted an analytical longitudinal prospective
observational study, carried on a cohort of HD patients,
randomly selected, with the aim to investigate the
possible predictive role of OS markers on survival and
CV morbidity and mortality during a long term follow-
up (108 months). All measurements were performed
during a midweek non-dialysis day. Of the 90 patients on
conventional HD treatment in Nefromed Dialysis Center
Cluj-Napoca, 44 patients met the inclusion criteria and also
agreed to participate in this study in 2005. Inclusion criteria
were: prevalent HD patients, age>18 years, duration of
maintenance hemodialysis at least 6 months (HD vintage),
without residual renal function. We excluded patients with
acute inflammation processes, terminal neoplasia, previous
renal transplantation, immunosuppressive treatment, active
hepatitis, antiviral treatment. All patients were on thrice
weekly HD (4-5 h) regimen. Patients’ demographics data,
duration of maintenance hemodialysis, and comorbidity
conditions (diabetes, hypertension, virus hepatitis B or C
infection, smoking status, statins treatment) at the time
of enrolment were obtained from medical records. We
also registered clinical data: age, weight, height, systolic
blood pressure (SBP), diastolic blood pressure, (predialysis
values). We registered previous cardiovascular disease
(cardiac disease evaluated by: electrocardiogram with
Q-wave infarction, or myocardial enzyme -elevation,
coronary revascularization, typical history of angina with
abnormal coronarography, neurological disease with new
onset focal neurological deficit, or carotid stenosis or
lower extremity arterial disease with revascularization
or amputation, new onset of intermittent claudication
confirmed by Doppler or arteriography findings). We
calculated body mass index (BMI) as BMI = (weight
(kg)/height* (m?) and pulse pressure (PP) (mmHg) with
formula:PP=SBP-DBP. All patients remained in the study
and were followed prospectively for 108 months or until
death. During the follow-up period we registered every
6 months the general mortality, fatal CVE (myocardial
infarction, congestive heart failure, stroke and sudden
death) and non-fatal CVE with the same method as the
registration of previous CV disease.

Laboratory parameters

All biochemical analyses were performed after
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an overnight fast between 7.00-9.00 a.m. always during
a midweek non-dialysis day. Current measurements at
the initiation of this study included serum electrolytes,
albumin, creatinine, uric acid, iron profile (iron, transferrin
and ferritin), lipid profile (total cholesterol, triglycerides
(TG) and HDL-cholesterol), C-reactive protein (CRP),
alkaline phosphatase, intact parathormone (iPTH) and
transaminases. Pre-dialysis and post-dialysis urea levels
were used to calculate Kt/V. Serum calcium was corrected
(cCa) for albumin according to the formula: cCa (mg/
dl)=serum calcium(mg/dl)+0.8x(4.0-serum albumin(g/dl),
LDL-cholesterol was calculated with Friedewald formula:
LDL-cholesterol=total cholesterol-(HDL-chol+TG/5).
Hepatitis virus B and C detection was performed by
electrochemiluminiscence for HBs antigen (HBs Ag) and
hepatitis C virus antibodies (HCV Ab).

Free and bound MDA (nmol/ml) were measured
using the thiobarbituric acid test [20] and Satoh [21]
methods. Protein carbonyls (nmol/mg) were determined
spectrophotometrically by Reznick method [22]. The
antioxidant status was evaluated by measuring serum
ceruloplasmin (mg%) colorimetrically by Ravin method
[23] and nitric oxide was evaluated by measuring serum
stable NO metabolites nitrate and nitrite (NO ) (umol/l) by
Griess reaction [24]. Measurements were performed in the
Oxidative Stress Laboratory of the Physiology Department,
University of Medicine and Pharmacy of Clu;.

Dialysis prescription

All patients were managed by nephrologists and
were dialysed with bicarbonate based dialysate, volumetric
ultrafiltration control, single use synthetic (polysulphone)
dialyzers and heparin as standard anticoagulant. Dialysis
prescription was guided by a goal of achieving a value of
Kt/V>1.2. Erythropoietin was prescribed via a standardized
algorithm. Antihypertensive drugs were prescribed for
patients having post-dialysis or inter-dialysis blood
pressure persistently above 150/95 mmHg, at dry weight.

Statistical analysis

Continuous variables were presented as mean +
standard deviation or median (25"-75" percentile) and
categorical variables were expressed as percentages. For
identifying correlations between two continuous variables,
Pearson’s correlation coefficient or Spearman correlation
coefficient were used. Cox proportional hazards regression
analysis was used to examine the associations between
variables and survival time. Calculation of survival rates
were plotted by the Kaplan-Meier method and compared
using log-rank test. Variables that were significant in the
univariate analysis were included in a multivariate Cox
proportional hazards regression model (Enter method).
Hazard ratios (HR) and their 95% confidence intervals
(CI) were calculated. The cut-off was obtained with ROC
(receiver operating characteristic) curve analysis as the
value which maximizes the Youden index. p<0.05 was
considered statistically significant. Statistical analyses

were performed using Statistica 7.0.

Ethical issues

All patients signed an informed consent before
entering the study. Their privacy was respected.
The study protocol was in accordance with the
ethical standards of the institutional and national
research committees and with the 1964 Helsinki
Declaration and its later amendments or comparable
ethical standards and was approved by the University
Ethics 24 Committee.

Results

Demographical and clinical characteristics of the
patients (44 patients) are reported in Table I; 42 patients
(95.4%) had an arterio-venous fistula, and 2 (4.6%) patients
had a semi-permanent transcutaneous access. Comorbidity
conditions included 45.4% hypertension, 52.6% had
previous CV events, hepatitis virus infection 43.2%, (20
patients, 2 HBs Ag positive, 18 HCV Ab positive) and no
diabetes mellitus. We registered only 4 patients with statin

treatment (9.0%).

Table I. Demographic, clinical and biochemical characteristics

of patients.
Parameter Group (n=44)
Age (years) 59.79+12.01
Body mass index (kg/m?) 24.18+4.49
Gender (male) (%) 28/44 (63.63)
Smoking (%) 25/44 (56.81)
Hypertension (%) 20/44 (45.4)
SBP (mmHg) 129.19 (122.37-136)
DBP (mmHg) 78.02 (74.31-81.73)
PP (mmHg) 49.42 (44.99-53.85)

Previous CV events (%)
HD vintage (months)
KtV

Total chol (mg/dl )
LDL-chol (mg/dl)
HDL-chol (mg/dl)
Triglycerides (mg/dl)
Hemoglobin (g/1)
Serum albumin (g/1)
CRP (mgy/dl)

cCa (mg/dl)

P (mg/dl)

Serum iPTH (pg/ml)
HV positive (%)
AST (UIN)

ALT (UI/1)

bMDA (nmol/ml)
fMDA (nmol/l)

PC (nmol/mg)

CP (mg %)

NO_ (pmol/l)

Epo Dose (U/Kg/week)
Statin treatment (%)

23/44 (52.57)
101.10 (78.29-123.95)
1.3 (1.2-1.6)
164.48+41.14
85.96+28.78
43.32421.58
180.07+99.36
11.0841.53
4214031
0.95+1.34

8.50 (8.10-8.90)
6.50 (5.88-7.11)
719.9 (500.93-938.86)
20/44 (45.45)
33.26+13.06
28.38+14.01

2.40 (1.57-3.23)
2.3942.70

1.37 (0.86-1.89)
26.20 (23-37-29.03)
37.48 (25.58-49.39)
94.41+71.62

4/44 (9)
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Data are presented as mean + standard deviation or median (25"-
75" percentile) or absolute or relative frequencies, SBP: systolic
blood pressure, DBP: diastolic blood pressure, PP: pulse pressure,
CV: cardiovascular disease, HD: hemodialysis, chol: cholesterol,
cCa: calcium corrected by serum albumin, P: phosphate, iPTH:
intact parathyroid hormone, CRP: C-reactive protein, HV:
hepatitis virus, AST: aspartat aminotransferase, ALT: alanine
aminotransferase, bMDA: bound malondialdehyde, fMDA: free
malondialdehyde, PC: protein carbonyls, CP: ceruloplasmin,
NO_: nitrate/nitrite, EPO: erythropoietin.

The analysis of potential determinants of OS markers
revealed a direct correlation of bMDA with cCa (r=0.30,
p=0.05) of protein carbonyls with serum ferritin (r=0.33,
p=0.04), of ceruloplasmin with NO,_ (1=0.35, p=0.02) and
serum albumin with NO_ (r=0.30, p=0.05). An inverse
correlation was found between protein carbonyls and DBP
(r=-0.31, p=0.02).We found no significant correlations
between bMDA and cholesterol and between OS markers
and erythropoietin dose.

Total mortality rate was 45.4% (20 patients), 10
cardiovascular deaths (cardiovascular mortality rate 22.7%)
and 10 deaths of other causes (infections, malignancies,

hyperkalaemia and gastro-intestinal bleeding). Identified
cut-off value for bMDA was 2.34 nmol/ml: bMDA lower
than 2.34 nmol/ml is associated with better survival
(p=0.01) (Figure 1).

Univariate Cox’s proportional hazards regression
analysis showed that PP (HR=1.04 CI 95% (1.00-1.08)
p=0.029), cCa (HR=1.75 CI 95% (1.16-2.62) p=0.007),
CRP (HR=1.47 CI 95% (1.03-2.11) p=0.03) and bMDA
(HR=2.12 CI 95% (0.98-4.58) p=0.05) had a significant
association with survival. These parameters were included
in a multivariate Cox proportional hazards regression
model which shows that bMDA has the strongest influence
on survival (HR=3.29 CI 95% (1.28-8.44) p=0.01) (Table
10).

Sixteen nonfatal CV events occurred within the
follow-up period (36.3% of the patients). Univariate Cox
regression analysis performed to evaluate the impact
of OS markers on fatal and non-fatal CV events showed
that only bMDA exerts an influence on fatal CV events
that approaches statistical significance (HR=2.85 CI 95%
(0.88-9.22) p=0.07). None of the OS markers showed any
effect on non-fatal CV events (Table III).
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Figure 1. Kaplan-Meier survival curves stratified by bMDA (cut-oftf obtained with ROC curve): p=0.01
bMDA<2.345 nmol/l vs. bMDA>2.345 nmol/l. bMDA: bound malondialdehyde, HD: hemodialysis
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Table II. Cox regression univariate and multivariate analysis, hazard ratio and 95% confidence intervals
for survival in HD patients.

Univariate analysis Multivariate analysis

Parameter Hazard ratio (95% CI)  p(value) Hazard ratio (95% CI) p (value)
Gender (male) 1.17 (0.48-2.83) 0.71
Smoking (%) 0.79 (0.23-2.71) 0.71
HD vintage (months) 1.00 (1.00-1.00) 0.07
SBP (mmHg) 1.00 (0.98-1.02) 0.51
DBP (mmHg) 0.97 (0.94-1.01) 0.23
PP (mmHg) 1.04 (1.00-1.08) 0.029 1.05 (1.01-1.11) 0.03
BMI (kg/m?) 0.94 (0.84-1.05) 0.34
Serum albumin (g/dl) 0.31 (0.06-1.64) 0.17
Total chol (mg/dl) 1.00 (0.99-1.01) 0.11
LDL-chol (mg/dl) 1.01 (0.99-1.02) 0.07
TG (mg/dl) 0.99 (0.99-1.00) 0.38
HDL-chol (mg/dl) 1.01 (0.99-1.02) 0.21
Serum iPTH (pg/ml) 1.00 (1.00-1.00) 0.47
P (mg/dl) 1.02 (0.82-1.28) 0.8
cCa (mg/dl) 1.75 (1.16-2.62) 0.007 1.66 (1.02-2.71) 0.04
CRP (mg/dl) 1.47 (1.03-2.11) 0.03 1.27 (0.91-1.78) 0.16
bMDA (nmol/ml) 2.12 (0.98-4.58) 0.05 3.29 (1.28-8.44) 0.01
fMDA (nmol/ml) 0.98 (0.83-1.15) 0.83
PC (nmol/mg) 0.75 (0.34-1.68) 0.49
CP (mg %) 1.03 (0.98-1.07) 0.17
NO_ (pumol/l) 1.00 (0.99-1.01) 0.63

CI: confidence intervals, HD: hemodialysis, SBP: systolic blood pressure, DBP: diastolic blood pressure,
PP: pulse pressure, BMI: body mass index, chol: cholesterol, cCa: calcium corrected by serum albumin, P:
phosphate, iPTH: intact parathyroid hormone, CRP: C-reactive protein, bMDA: bound malondialdehyde,
fMDA: free malondialdehyde, PC: protein carbonyls, CP: ceruloplasmin, NOX: nitrate/nitrite.

Table III. Cox regression univariate analysis, hazard ratio and 95% confidence intervals for

CVE in HD patients.
Parameter non-fatal CVE (n=16) fatal CVE (n=10)

p HR (95% CI) p HR (95% CI)
bMDA (nmol/ml) 0.10 2.01 (0.86-4.68) 0.07 2.85(0.88-9.22)
fMDA (nmol/ml) 0.59 0.89 (0.58-1.35) 0.79 0.96 (0.71-1.29)
PC (nmol/mg) 0.68 0.95(0.78-1.17) 0.78 0.93 (0.56-1.56)
CP (mg %) 0.90 0.99 (0.85-1.14) 0.89 0.99 (0.92-1.07)
NO_ (umol/l) 0.09 1.00 (0.99-1.01) 0.90 1.00 (0.98-1.01)

CI: confidence intervals, CVE: cardiovascular events, HD: hemodialysis, HR: hazard ratio,
bMDA: bound malondialdehyde, fMDA: free malondialdehyde, PC: protein carbonyls, CP:
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ceruloplasmin, NO : nitrate/nitrite.

Discussion

Our main finding is that bMDA is a strong predictor
of survival in HD patients in a long-term (9 years) follow-
up. Low levels of bMDA, suggesting lower oxidative
stress, are associated with better survival.

In addition we identified that high bMDA tends to
be associated with fatal CV events, but not with non-fatal
CV events. Other studies in HD patients had partial similar
results: MDA was the single strong predictor of prevalent
CV disease in one transversal study, [25] and also MDA

was associated with cardiovascular events in other studies
[16,17]. Moreover, significantly lower levels of antioxidant
markers were related with CV disease [4], but we have not
found this association.

The results of our research, only partially similar to
previous studies, might be influenced by the characteristics
of the study design: absence of diabetic patients, long-term
follow-up, high prevalence of hepatitis virus C positive
patients. Although we found no correlations between virus
status and OS markers Kato et al. observed that VHC
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infection can enhance oxidative stress in HD patients [26].

The role of OS in CV disease pathogenesis in
CKD patients is well-known. Himmelfarb et al. were
the first to propose the hypothesis that increased OS
and its consequences is a major contributor to increased
atherosclerosis and CV morbidity and mortality found
in uremia [27,28]. Likewise, via formation of pro-
inflammatory oxidized lipids and advanced protein
oxidation and glycation end products, OS promotes
inflammation. Conversely, by generating reactive oxygen,
chlorine, and nitrogen species, activated leukocytes,
macrophages and resident cells cause OS [29,11]. Oxidative
stress and inflammation induce diminished endothelial
function and impair vascular structural and functional
parameters [30,31]

Our research is to our knowledge the longest
follow-up (9 years) design in the literature to observe the
predictive value of bMDA on survival and CV morbidity
and mortality. We propose bMDA as a CV risk biomarker
in HD patients.

OS markers are determinants of survival and
cardiovascular events in HD patients, consequently
identification of factors associated with levels of these OS
markers is necessary for developing targeted therapies,
in order to reduce OS. In our patients, many factors have
been associated with OS markers. First, higher bMDA
is associated with higher cCa, and indeed high cCa is as
expected a predictor of high mortality. Hypercalcemia and
increased OS might act synergistically in aggravating the
severe vascular lesions found in HD patients.

Second the association of high values of protein
carbonyls with high serum ferritin (an iron storage protein
but also inflammation marker) might be either the effect
of iron treatment or of the inflammation process which
can increase OS [9]. Third, higher protein carbonyls
were associated with low DBP and hence increased pulse
pressure, which was also predictive for increased mortality.

Fourth, higher ceruloplasmin and serum albumin
were associated with higher NO_ which might reflect the
vasodilation improvement in our patients with increased
antioxidant capacity. Ceruloplasmin is an antioxidant
but also an acute phase reactant [32]. In our study it
seems to reflect the antioxidant capacity rather than
inflammation because its levels do not correlate with any
other inflammation markers. Moreover, NO, an inductor
of vasodilation by regulation of vascular tone, inhibition
of platelet aggregation and leukocyte adhesion, and
prevention of smooth muscle cell proliferation, is affected
in HD patients by many factors. NO may increase in some
patients during HD by cytokine release [33] while in others
it varies during dialysis, in correlation with BP variations
[34].

In some studies in HD patients the OS markers
(MDA values [29] and plasma advanced oxidation protein
products) [35] were associated with lipid profile and

erythropoietin treatment [13]. Erythropoietin has anti-
oxidative effects [5] which depend on treatment duration
and not EPO dose [36]. We did not observe correlations of
measured OS markers with erythropoietin dose, the same
as described above, and unlike De Vecchi et al. we found
no correlation between OS and lipid profile.

Conclusions

bMDA has a strong predictive value on survival
in HD patients and is related with CV mortality but is
not a predictor of CV events in long-term follow-up (9
years). Regular assessment of MDA in HD patients and
the development of strategies aimed at reducing oxidative
stress in these patients might be beneficial.

The limit of this study is the relative low number of
patients. Future studies might investigate whether MDA is
a potential biomarker that can be used to guide strategies
for the management of CV risk in HD.
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