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ABSTRACT

Introduction: Increased levels of C-Reactive Protein are found in 30-60% on hemodialysis patients and it is closely associated with the progres-
sion of atherosclerosis, cardiovascular morbidity and mortality. Non enzymatic antioxidants are antioxidants which primarily retain potentially
dangerous ions of iron and copper in their inactive form and thereby prevent its participation in the production of free radicals. Aim: The aim
of the study was to examine the relationship of CRP and non enzymatic antioxidants (albumin, ferritin, uric acid and bilirubin) i.e. examine the
importance of CRP as a serum biomarker in assessing the condition of inflammation and its relationship to antioxidant protection in patients on
hemodialysis. Methods: The study was cross-sectional, clinical, comparative and descriptive. The study involved 100 patients (non diabetic) on
chronic hemodialysis. The control group consisted of 50 subjects without subjective and objective indicators of chronic renal disease. In all patients,
the concentration of CRP as well as concentrations of non enzymatic antioxidants were determined. Results: In the group of hemodialysis patients
60% were men and 40% women. The average age of hemodialysis patients was 54.13 + 11.8 years and the average age of the control group 41.72 +
9.8 years. The average duration of hemodialysis treatment was 91.42 + 76.2 months. In the group of hemodialysis patients statistically significant,
negative linear correlation was determined between the concentration of CRP in and albumin concentration (rho = -0.251, p = 0.012) as well as
negative, statistics insignificant, linear correlation between serum CRP and the concentration of uric acid (r = -0.077, p = 0.448). Furthermore,
the positive, linear correlation was determined between serum CRP and ferritin (r = 0.159, p = 0.114) and positive linear correlation between
CRP and total serum bilirubin (r = 0.121, p = 0.230). In the control group was determined a statistically significant, positive, linear correlation
between serum CRP and uric acid concentration (rho = 0.438, p = 0.001) and statistically significant, positive, linear correlation between serum
CRP and total serum bilirubin (rho = 0.510, p = 0.0001) A statistically significant, negative linear correlation was determined between CRP and
albumin concentration (rho=-0.393, p = 0.005) as well as statistically significant, negative linear correlation between serum CRP and ferritin
control group (rho =-0.391, p = 0.005). Conclusion: Elevated CRP level is a strong and independent predictor of low levels of serum albumin,
which indicates that the hypoalbuminemia in hemodialysis patients could be more due to inflammation than malnutrition. There was no statisti-
cally significant correlation between CRP and other non enzymatic antioxidants (uric acid, ferritin, bilirubin), which shows that indicators of
antioxidant defense in hemodialysis patients must be individually measured to determine their actual stocks and activity.
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1. INTRODUCTION

Increased levels of C-Reactive Protein are found in 30-60%

stimuli such as trauma, inflammation, infections and malig-
nant tumors. Speed of hepatic synthesis of CRP is the only de-

on hemodialysis patients and it is closely associated with the
progression of atherosclerosis, cardiovascular morbidity and
mortality (1-5). CRP is an acute phase protein that is produced
in the liver in response to tissue damage induced by various
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terminant of its plasma concentrations. CRP is a protein with
immunomodulatory anti-inflammatory and pro-inflammatory
activity and isa strong indicator of systemic inflammatory status
in both the general population and in patients with end-stage
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renal disease. Non enzymatic antioxidants are antioxidants
which primarily retain potentially dangerous ions of iron and
copper in their inactive form and thereby prevent its participa-
tion in the production of free radicals.

Albumin is an important and widely used nutritional marker
ina population of hemodialysis (HD) patients. Also, it is a nega-
tive acute phase reactant which attributed the major antioxi-
dant role, because it inhibits lipid peroxidation of erythrocyte
membrane in HD patients. Studies have shown that hypoalbu-
minemia is a strong risk factor for mortality in HD patients,
and the concentration of albumin in the serum of the negative
correlation with the concentration of CRP. Possible cause of
hypoalbuminemia in this group of patients is reduced intake of
protein foods, volume overload due to poor dialysis adequacy,
loss of amino acids and proteins and/or their increased utiliza-
tion in the state of uremia, and chronic systemic inflammation,
and reduced hepatic synthesis of albumin.

The high concentration of uric acid in HD patients is a
common finding and is closely associated with oxidative stress
and is considered to be an independent marker of inflamma-
tion, cardiovascular morbidity and mortality. The contact of
blood and dialysis membranes leads to different cross-linking,
such as adhesion, aggregation and activation of cells, protein
transformations and like. Having in mind that patients with
chronic kidney disease (CKD) are dialyzed for years and using
different types of membranes for dialysis, a proven imbalance
in the oxidants-antioxidants system can cause damage to cell
membranes and disorders of cell functions.

2. THE AIM OF THE STUDY

The aim of this study was to examine the relationship of CRP
and non enzymatic antioxidants (albumin, ferritin, uric acid
and bilirubin) i.e. examine the importance of CRP as a serum
biomarker in assessing the condition of inflammation and its re-
lationship to antioxidant protection in patients on hemodialysis.

3. MATERIALS AND METHODS

The study was cross-sectional, clinical, comparative and
descriptive. The study involved 100 patients (non diabetic)
on chronic hemodialysis. The control group consisted of 50
subjects without subjective and objective indicators of chronic
renal disease. The average age of HD patients was 54.13 + 11.8
years, and statistically different from the average age of the con-
trol group 41.72 + 9.8 years (p = 0.0001). In the group of HD
patients, 60% were male, and 40% female. In the control group
of respondents, 36.0% were male and 64.0% female. Majority
of patients 63% were dialyzed through hemodiafiltration, while
37% patients were dialyzed through hemodialysis. The most
common type of access for performing dialysis in HD patients
was arterio-venous fistula (AVF) 79%, then tunneled central
venous catheter 12% and temporary central venous catheter 9%.

In all subjects the concentration of CRP concentration
and non enzymatic antioxidants (albumin, ferritin, uric acid,
and bilirubin) was determined. Blood sampling for patients
on hemodialysis was conducted at the Clinic for hemodialysis
UKCS before the procedure of hemodialysis, and determining
their concentration was performed on Clinical chemistry and
biochemistry UKCS. CRP in serum was determined by neph-
clometric method on the device BN Il analyzer (reference range
of 0-5 mg/L). Albumin was determined by spectrophotometry
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using bromocresol green reagent (reference range 35-50 g/L).
Serum uric acid concentration was determined by spectropho-
tometry method with uricase (reference value 155-428 pmol/L).
Ferritin was determined by a chemiluminescence immunoassay
(CMIA) and the reference area is 4,63-204.00 ng/mL, while the
determination of bilirubin was done spectrophotometrically
(reference value is 1.7-20.5 pmol/L).

Statistical analysis

The relationship between these variables was determined by
the correlation coefficient method according to the Spearman
using SPSS computer program for statistical analysis (SPSS ver-
sion 13.0, Chicago, IL, USA).

4. RESULTS

In the group of hemodialysis patients a statistically signifi-
cant, negative linear correlation was determined between the
concentration of CRP in and albumin concentration (rho =
-0.251, p = 0.012)(Figure 1).
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Figure 1. Relation of C-reactive protein and serum albumin concentration in
hemodialysis (HD) patients.

In the group of HD patients was determined a negative,
statistically insignificant correlation between the concentration
of CRP in serum and serum uric acid levels (r = -0.077,p =
0.448). In the group of HD patients was determined positive,
linear correlation between the concentration of CRP in the
serum and ferritin concentration in serum (r = 0.159,p = 0.114)
also a positive linear correlation between the concentration of
CRP and total bilirubin serum concentrations (r = 0.121,p =
0.230). The mentioned positive correlations also were not sta-
tistically significant (Table 1).

Parametar r p

Total Bilirubin (xmol/L) 0.121 NS
C-reactive  Ferritin
protein (ng/L) 0-159 NS
(mg/L) Uric acid

(y.mol/L) -0.077 NS

1able 1. Relation of C-reactive protein and concentrations of : ferritin, uric
acid, and total bilivubin in the serum of hemodialysis (HD) patients.

In the control group a statistically significant, positive, linear
correlation was determined between serum CRP and serum uric

acid levels (rho = 0.438, p = 0.001)(Figure 2).
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Figure 2. Relation of C-reactive protein and serum uric acid levels of the
control group subjects.

There was a statistically significant, positive, linear correla-
tion between serum CRP and serum total bilirubin in serum
of control group subjects (rtho = 0.510, p = 0.0001)(Figure 3).
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Figure 3. Relation of C-reactive protein and total bilirubin in serum of
control group subjects

There was a statistically significant, negative linear correla-
tion between CRP and serum albumin concentration within
control group (rho = -0.393, p = 0.005)(Figure 4).

There was a statistically significant, negative linear correla-
tion between serum CRP and ferritin in serum within control

group (rho =-0.391,p = 0.005)(Figure 5).

5. DISCUSSION

Results of our study showed that in both groups, serum
albumin concentration was negatively correlated with the con-
centration of CRP, which is consistent with the results of most
of the authors (5). It is already well known that in hemodialysis
patients serum levels of CRP and albumin are important pre-
dictors of survival (6-11). Meta analysis of Zhang et al., which
included 120 studies, summarized the prognostic value of CRP
and IL-6 in dialysis patients as the two most common inflam-
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Figure 4. Relation of C-reactive protein and serum albumin concentration

within control group
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Figure S. Relation of C-reactive protein and serum ferritin concentration in
serum within control group

matory markers (1). The analysis found that the elevated levels
of one or both markers are significantly associated with total
mortality and a higher rate of cardiovascular mortality in di-
alysis patients, and suggested to be the predictive value of both
inflammatory markers used in clinical practice.

The interaction between the blood and the dialysis filter in
the course of HD has the potential of activating mononuclear
cells, followed by the production of proinflammatory cytokines.
The degree of activation depends on the material that is used
in the filter, and it is considered an index of biocompatibility.
Endoxins from the dialysate and vascular access infections may
also boost the production of CRP. Bicarbonate hemodialysis
with polysulfone biocompatible membrane and use of ultra pure
solution for hemodialysis significantly contribute to reducing
CRP. The concentration of CRP is not only based on the type
of dialysis membrane, dialysate and vascular access, but also it
depends on control of comorbidity, especially diabetes and the
presence of infection (7, 12).

In our research, we found a statistically positive correlation
between CRP and uric acid only in healthy subjects, whereas in
the group hemodialysis subjects referred correlation was negative
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and non significant. The results of the study showed that the
duration of hemodialysis did not significantly affect the change
of serum uric acid. Lobo et al. they found significantly higher
levels and positive correlation between inflammatory markers
and uric acid in HD patients (9). These results suggest that the
uric acid may play a role in inflammation and atherosclerosis
in these patients.

Hyperuricemia is often associated with chronic renal disease
and is considered a marker of kidney dysfunction, and not a
factor of discase progression (13).

However, there are controversies regarding the etiological
role of uric acid in the development of renal disease. Study Kang
and colleagues has provided evidence that hyperuricemia causes
hypertension and accelerates the progression of renal disease in
rats and that kidney damage is not increased intrarenal deposi-
tion of urate crystals (14).

In our study, in the group of hemodialysis patients we did
not determine a correlation between the concentration of CRP
in serum and non enzymatic antioxidants (bilirubin and fer-
ritin), which can be explained by the fact that the majority of
hemodialysis patients are treated with human erythropoietin
or intravenous iron that influence the concentration of these
two antioxidants, as well as the blood samples were taken im-
mediately before the hemodialysis treatment. Similar results in
their study were given by Deira et al. (15).

6. CONCLUSION

Elevated CRP level is a strongand independent predictor of
low levels of serum albumin, which indicates that the hypoalbu-
minemia in hemodialysis patients could be more due to inflam-
mation than malnutrition. There was no statistically significant
correlation between CRP and other non enzymatic antioxidants
(uric acid, ferritin, bilirubin), which shows that indicators of an-
tioxidant defense in hemodialysis patients must be individually
measured to determine their actual stocks and activity.
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