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ABSTRACT

Background: Cardiovascular disease (CVD) is a common cause of morbidity and mortality in
end-stage renal disease (ESRD) patients on hemodialysis (HD) among whom it is 5-20 times
higher than in the general population. Some of the nontraditional risk factors such as oxidative
stress and inflammation are related to the progress of CVD in HD patients. Several, but not all
studies, reported that inflammatory and oxidative stress markers are increased during a single
session of HD, mimicking changes that occur during acute immune activation. This study was
taken up to evaluate the changes in the inflammatory and oxidative stress markers during
a single HD session in patients with chronic kidney disease.

Methods: Twenty-five ESRD patients on maintenance HD and 25 controls were included in the
study. Blood samples were obtained from the patients before starting of hemodialysis (pre-HD)
and after completion of hemodialysis (post-HD). The changes in serum Pentraxin-3, hs-CRP,
malondialdehyde (MDA) and ferric reducing ability of plasma (FRAP) levels were measured in
pre- and post-HD ESRD patients and compared with healthy control group.

Results: This study found increased levels of Pentraxin-3, hs-CRP, MDA, and decreased level of
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FRAP in HD patients compared to controls.

Conclusions: Hemodialysis procedure contributes to inflammation and oxidative stress.

Introduction

Cardiovascular disease (CVD) is extremely prevalent in
maintenance hemodialysis (HD) patients and accounts
for approximately half of deaths in chronic kidney disease
(CKD) [1].

The annual mortality in end-stage renal disease
(ESRD) patients is about 10- to 20-fold higher than that
in the general population [2]. These patients show a
high cardiovascular morbidity and mortality that might
be induced by inflammation and oxidative stress. There
are several risk factors for developing CVD in CKD
patients, which are categorized into traditional and
nontraditional risk factors. Traditional risk factors com-
monly present in the CKD population such as older age,
hyperlipidemia, hypertension and diabetes mellitus can-
not explain the unacceptable high prevalence and inci-
dence of CVD in these patients. Hence, nontraditional
risk factors such as inflammation, oxidative stress, mal-
nutrition, anemia and vascular calcification have been
an area of intense investigation, in this population and
are being recognized [3]. Inflammation in ESRD patients

on HD is associated with malnutrition and CVD that
results in poor clinical outcome [4]. Various events are
common causes of inflammation, such as periodontal
disease, bioincompatible dialysis membranes, unpure
dialysate, and vascular access [5]. Bioincompatible dialy-
sis membranes were more common with earlier mem-
branes, especially cuprophan membranes, which
induced inflammation. Synthetic membranes, used
today, are far more biocompatible [6]. In the late 1990s,
C-reactive protein (CRP) was acknowledged as powerful
predictor of cardiovascular death and overall mortality
in HD and peritoneal dialysis (PD) patients. Interleukin-6
(IL-6) was also shown to be a strong predictor of mor-
tality in HD patients. IL-6 and CRP are measurable
markers of inflammation. It was reported that given the
strong correlation between high-sensitive C-reactive
protein (hs-CRP) and IL-6, the hs-CRP analysis may suf-
fice in the clinical situation [7]. Boehme et al. first
described that the Pentraxin (PTX3) levels in HD
patients with ESRD are higher than healthy subjects or
ESRD patients without receiving HD [8]. Pentraxin as
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well as CRP, belongs to the Pentraxin family of proteins,
is an acute phase reactant involved in pathogen recogni-
tion, complement activation and regulation. The first
cloned long Pentraxin is Pentraxin 3, PTX3 has a bigger
molecular size (40.6kDa) compared to CRP (21.5kDa)
and has a unique PTX3 domain not found in CRP or SAP
[9]. Moreover, PTX3, in contrast to the liver-produced
CRP, is produced by different cell types, including endo-
thelial cells, phagocytes, dendritic cells, smooth muscle
cells, fibroblasts, and adipocytes in response to primary
local inflammation and innate immunity and may dir-
ectly reflect the inflammatory status [10]. Plasma PTX3 is
considered as an inflammatory marker of endothelial
dysfunction and is also linked to increasing cardiovascu-
lar mortality risk [11]. PTX3 is elevated in dialysis patients
compared to healthy controls and reflects endothelial
dysfunction associated with CVD and mortality risk [12].

Increased oxidative stress occurs in HD patients and
is dependent on many factors such as aging, loss of
residual renal function, uremic conditions, and those
receiving regular HD [13]. Peroxidation of membrane
polyunsaturated fatty acids by free radicals produces
some molecules such as malondialdehyde (MDA) that
could be useful as an indicator for assessing oxidative
damage. Significant elevation of serum MDA levels is
observed in CKD on HD patients with CVD, compared
with those without CVD, shows the relationship
between oxidative stress and the development of ath-
erosclerosis in these patients [14]. Hence, the present
study aimed to estimate changes in the inflammatory
and oxidative stress markers during a single HD session
in patients with CKD.

Materials and methods

Twenty five (25) patients with ESRD on maintenance
HD in the Department of Nephrology, Sri Venkateswara
Institute of Medical Sciences and 25 age and sex-
matched healthy subjects as controls were recruited in
the present study during the period May 2015 to
October 2015. Institutional Ethics Committee approval
and written informed consent were obtained from all
the participants before the conduct of study-related
procedure. ESRD patients on HD received regular HD
treatment three times a week (4-5h per session)
through arteriovenous fistulas. Twenty five healthy indi-
viduals among the patients’ relatives and hospital staff,
who were non-smokers, non-diabetics as per ADA crite-
ria, non-hypertensive as per Joint National Committee
(JNC) VIII were included as control group. Subjects on
HD treatment less than three months duration, age
younger than 16 years, presence of HIV or Hepatitis B/C

infection, chronic inflammatory (malignancy, liver dis-
ease) and infective conditions, pregnant women and
unwilling patients were excluded. In our maintenance
HD program, we perform low-flux conventional inter-
mittent thrice weekly HD as maintenance renal replace-
ment therapy using Fresenius HD machine, polysulfone
membrane, and bicarbonate dialysate, wherein the
blood flow rate is between 200 and 300 mL/min and
dialysate flow around 500 mL/min for a total duration
of 4h. Water for the dialysate was purified by reverse
osmosis. Anticoagulation was performed with 2000 IU
of heparin at the start of dialysis followed by continu-
ous administration at a rate of 500-1000IU/h. The pre-
HD sample was collected from afferent fistula needle
inserted to start the dialysis before connecting it to the
dialyzer. Post-HD sample was collected after 4h from
the same port just before the termination of the dialy-
sis procedure.

Laboratory analysis

Six milliliters of venous blood sample just before com-
mencing dialysis (pre-HD) and at the termination of dia-
lysis (post-HD) was collected in additive free tubes. The
blood samples were allowed to stand for 30 min, centri-
fuged at 3000 rpm for 15min and the separated serum
was stored at —80 °C until further analysis. Serum urea,
creatinine, uric acid, total cholesterol, triglycerides, HDL,
calcium, phosphorus, total protein, and albumin were
estimated using commercial kits. Low density lipopro-
tein (LDL) and very low density lipoprotein (VLDL) were
calculated by Freidewald’s equation [15]. hs-CRP was
estimated by immunoturbidimetry method by commer-
cial kits. All the above parameters were analyzed on clin-
ical chemistry Auto analyzer Beckman Coulter DXC 600
Synchron (Brea, CA). Plasma MDA and ferric reducing
ability of plasma (FRAP) were estimated by spectro-
photometric method using Perkin-Elmer spectropho-
tometer, Lambda 25 UV/VIS Spectrophotometer
(Waltham, MA) [16,17]. Pentraxin-3 was estimated by
ELISA method using the commercially available human
Pentraxin ELISA kit (Hycult, Beutelsbach, Germany).

Correction of special parameters

Post dialysis samples of serum Pentraxin 3 and serum
hs-CRP were corrected to ultrafiltration (UF) by using
the following UF formula: 1+ ABW/0.2 x BW [18],
where BW is the change in the bodyweight during
HD and that the extracellular volume is 20% of the
post-dialysis BW, assuming linear UF during HD.



Serum MDA was corrected to serum creatinine and
was expressed as umol/mg of creatinine.

Statistical analysis

As the sample size was small (n=25), data were repre-
sented as median and IQR. Categorical values were pre-
sented as numbers and percent. Comparisons between
two groups for continuous variables were assessed with
Mann-Whitney's U-test, Wilcoxon’s sum test and for
categorical values with chi-square (x°) test, as appropri-
ate. Differences among three groups were analyzed by
the Kruskal-Wallis analysis. Spearman’s rank correlation
was used to determine correlations of PTX3 concentra-
tion with other variables. All statistical analyses were
performed with SPSS (version 16.0, SPSS Inc., Chicago,
IL). A p value of <.05 was considered significant.

Results

All patients of the study are from the Department of
Nephrology, Sri Venkateswara Institute of Medical
Sciences. Twenty five ESRD patients on maintenance HD
and 25 controls were included in the study. The general
characteristics of 25HD patients and 25 controls are

Table 1. General characteristics of the subjects in the pre-
sent study.

Hemodialysis (HD)

Parameter Controls patients p Value

Number (n) 25 25 -

Age (mean £5D) 50.00 (26.00-70.00) 50.00 (26.50-70.30) J21%
(years)

Males:Females 14:11 14:11 -

Body mass index 23.00 (19.00-27.00) 449%

(kg/m?)
n: sample size; SD: standard deviation.
*NS: not significant at the .05 probability level.

24.00 (18.00-29.00)
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shown in Table 1. The median and IQR of the baseline
routine biochemical parameters of the controls and
patients of both pre-HD and post-HD groups are shown
in Table 2. There was significant increase in serum urea,
creatinine, cholesterol, potassium, phosphorus, and uric
acid levels in group 1 (pre-HD) when compared to the
group 3 (controls) (p<.001). There was significant
decrease in serum LDL, sodium, albumin, and calcium in
pre-HD group when compared to the controls (p <.05).
Serum total proteins, triglycerides, HDL, and VLDL did
not show any significant difference in patients when
compared to the controls. Statistical analysis using
Mann-Whitney's U-test of the routine biochemical
parameters of the group 1 (pre-HD) and group 3 (con-
trols) are shown in Table 3. Mean rank was calculated
and observed that there was significant increase in serum
urea, creatinine, cholesterol, potassium, phosphorus, and

Table 3. Routine biochemical parameters: group 1 versus
group 3: unpaired t test.

Mean rank Mean rank
Pre-HD (n=25) Controls (n=25)
Parameter (group 1) (group 3) p Value
Urea (mg/dL) 37.92 13.08 <.001*
Creatinine (mg/dL) 38.00 13.00 <.001%*
Albumin (g/dL) 21.96 29.04 .085t
Total proteins (g/dL) 22.90 28.10 2061
Triglycerides (mg/dL) 23.64 27.36 367t
Cholesterol (mg/dL) 33.40 17.60 <.001%*
HDL (mg/dL) 25.02 25.98 816t
LDL (mg/dL) 15.90 35.10 <.001*
VLDL (mg/dL) 2342 27.58 312t
Sodium (mmol/L) 13.58 37.42 <.001%*
Potassium (mmol/L) 33.40 17.60 <.001*
Calcium (mg/dL) 22.12 28.88 1001
Phosphorus (mg/dL) 32.80 18.20 <.001*
Uric acid (mg/dL) 33.34 17.66 <.001%*

HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very
low density lipoprotein.

*Significant at the .05 probability level.

tNS: not significant at the .05 probability level.

Table 2. Baseline routine biochemical parameters in controls and patients (pre-HD and post-HD values).

Patients
Pre-HD (n =25) Post-HD (n=25) Controls (n = 25)
Parameter (group 1) (group 2) (group 3) p Value
Urea (mg/dL) 96.00 (46.00-147.00) 39.00 (21.00-78.00) 22.00 (14.00-50.00) <.001*
Creatinine (mg/dL) 7.56 (4.22-13.25) 3.78 (1.59-11.50) 0.82 (0.58-1.60) <.001*
Albumin (g/dL) 3.90 (3.00-4.40) 4.00 (2.90-4.70) 4.1 (3.0-4.7) .030%
Total proteins (g/dL) 7.40 (5.90-9.30) 7.70 (5.70-9.70) 7.5 (7.0-8.4) 326t
Triglycerides (mg/dL) 124.00 (60.00-285.00) 118.00 (51.00-287.00) 131.00 (90.00-268.00) 3631
Cholesterol (mg/dL) 175.00 (155.00-222.00) 154.00 (96.00-234.00) 144 (88.00-216) .003*
HDL (mg/dL) 40.00 (26.00-50.00) 41.00 (29.00-60.00) 40.00 (31.00-53.00) .688%
LDL (mg/dL) 70.00 (33.00-139.00) 87.00 (42.00-158.00) 108.00 (86.00-150.00) <.001*
VLDL (mg/dL) 25.00 (10.00-57.00) 24.00 (10.00-57.00) 26.00 (18.00-54.00) 6141
Sodium (mmol/L) 128.00 (122.00-133.00) 129.00 (123.00-135.00) 137 (130-143) <.001*
Potassium (mmol/L) 4.40 (3.20-5.60) 2.90 (2.20-4.80) 3.8 (3.1-4.5) <.001*
Calcium (mg/dL) 8.80 (7.30-10.30) 9.70 (7.90-10.80) 9.1 (8.5-9.9) <.001*
Phosphorus (mg/dL) 4.50 (2.80-12.20) 3.00 (1.30-7.40) 3.9 (29-4.2) 001*
Uric acid (mg/dL) 5.10 (2.90-8. 80) 2.10 (1.20-5.40) 4.00 (2.30-5.60) <.001*

HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very low density lipoprotein.

*Significant at the .05 probability level.
1NS: not significant at the .05 probability level.
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uric acid levels in group 1 (pre-HD) when compared to
the group 3 (controls) (p <.001). There was significant
decrease in serum LDL and sodium in pre-HD group
when compared to the controls (p <.05). Serum total
proteins, albumin, triglycerides, HDL, VLDL, and calcium
did not show any significant difference in patients
when compared to the controls. Statistical analysis
using Wilcoxon’s sum test of the routine biochemical
parameters of the group 1 (pre-HD) and group 2 (post-
HD) are shown in Table 4. Based on the Z score, it was
showed that there was significant difference in serum
urea, creatinine, cholesterol, LDL, sodium, potassium,
calcium, phosphorus, and uric acid levels. Serum total
proteins, albumin, triglycerides, HDL, and VLDL levels
did not show any significant difference in group 1 (pre-
HD) when compared to group 2 (post-HD). The median
and IQR of the inflammatory (Pentraxin-3 and hs-CRP)

and oxidative stress markers (MDA and FRAP) of the
controls and the patients of both pre-HD and post-HD
are shown in Table 5. Serum Pentraxin-3, hs-CRP, MDA,
and FRAP were significantly increased in ESRD patients
on HD when compared to controls (p=.001). Serum
Pentraxin-3 and hs-CRP levels were corrected to UF.
The median and IQR of the special biochemical parame-
ters of the group 1 (pre-HD) and group 2 (post-HD)
after correction are shown in Table 6. There was signifi-
cant elevation of serum Pentraxin-3 and hs-CRP after a
single session of HD (p<.001). Malondialdehyde
decreased after a single session of HD, but correcting
MDA for creatinine, we found a significant increase in
MDA after a single HD session (p <.001). There was a
significant decrease in post-FRAP levels (p=.004). In
the present study, Pentraxin 3 was correlated with the
other variables and we observed statistically significant

Table 4. Routine biochemical parameters: group 1 versus group 2: paired t test.

Pre-HD (n =25)

Post-HD (n = 25)

Parameter (group 1) (group 2) Z Score p Value
Urea (mg/dL) 96.00 (46.00-147.00) 39.00 (21.00-78.00) -4.320 <.001*
Creatinine (mg/dL) 7.56 (4.22-13.25) 3.78 (1.59-11.50) -4.372 <.001*
Albumin (g/dL) 3.90 (3.00-4.40) 4.00 (2.90-4.70) 1.467 142+
Total proteins (g/dL) 7.40 (5.90-9.30) 7.70 (5.70-9.70) 1.702 .089t
Triglycerides (mg/dL) 124.00 (60.00-285.00) 118.00 (51.00-287.00) 1.063 .288%
Cholesterol (mg/dL) 175.00 (155.00-222.00) 154.00 (96.00-234.00) -2.597 .009*
HDL (mg/dL) 40.00 (26.00-50.00) 41.00 (29.00-60.00) 1.333 183
LDL (mg/dL) 70.00 (33.00-139.00) 87.00 (42.00-158.00) 2.401 016*
VLDL (mg/dL) 25.00 (10.00-57.00) 24.00 (10.00-57.00) -0.579 5621
Sodium (mmol/L) 128.00 (122.00-133.00) 129.00 (123.00-135.00) -2.427 015%
Potassium (mmol/L) 4.40 (3.20-5.60) 2.90 (2.20-4.80) -4.376 <.001*
Calcium (mg/dL) 8.80 (7.30-10.30) 9.70 (7.90-10.80) 3.502 <.001*
Phosphorus (mg/dL) 4.50 (2.80-12.20) 3.00 (1.30-7.40) -4.153 <.001*
Uric acid (mg/dL) 5.10 (2.90-8. 80) 2.10 (1.20-5.40) 4.288 <.001*

HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very low density lipoprotein.

*Significant at the .05 probability level.
TNS: not significant at the .05 probability level.

Table 5. Baseline special biochemical parameters in controls and patients (pre-HD and post-

HD values).
Pre-HD (n = 25) Post-HD (n = 25) Controls (n=25)
Parameter (group 1) (group 2) (group 3) p Value
Pentraxin (ng/mL) 1.96 (1.62-2.72) 1.75 (1.40-2.30) 0.38 (0.24-0.65) <.001*
(uncorrected to ultrafiltration)
hs-CRP (mg/dL) 1.80 (1.10-5.80) 1.85 (1.12-5.90) 0.33 (0.21-1.00) <.001*
(uncorrected to ultrafiltration)
MDA (umol/L) 3.98 (2.33-6.45) 3.37 (2.10-6.20) 1.20 (0.55-1.87) <.001*
FRAP (mmol/L) 0.80 (0.51-1.18) 0.40 (0.25-0.82) 0.57 (0.41-0.95) .001*
MDA: malondialdehyde; hs-CRP: high-sensitive C-reactive protein; FRAP: ferric reducing ability of plasma.
*Significant at the .05 probability level.
Table 6. Special biochemical parameters: group 1 versus group 2: paired t test.
Pre-HD (n = 25) Post-HD (n =25)
Parameter (group 1) (group 2) p Value
Pentraxin (ng/mL) 1.96 (1.62-2.72) 2.05 (1.71-2.63) <.001*
(corrected to ultrafiltration)
hs-CRP (mg/dL) 1.80 (1.10-5.80) 2.18 (1.40-6.17) <.001*
(corrected to ultrafiltration)
MDA/corrected for serum creatinine (umol/mg) 3.75 (2.15-6.18) 3.76 (2.31-6.57) <.001*
FRAP (mmol/L) 0.80 (0.51-1.18) 0.73 (0.36-1.19) .004

MDA: malondialdehyde; hs-CRP: high-sensitive C-reactive protein; FRAP: ferric reducing ability of plasma.

*Significant at the .05 probability level.



positive correlations among PTX3 with hs-CRP
(r=0.283, p=.047) and statistically significant negative
correlations with FRAP (r=-0.429, p=.002) but no
association with MDA (r=—0.127, p =.380 NS).

Discussion

Inflammation is a common feature of ESRD patients
with or without maintenance HD [19]. Increase in
inflammatory markers in dialysis patients has been
shown to be associated with a 35% higher risk of mor-
tality [20]. The changes in the inflammatory markers
(serum Pentraxin-3 and hs-CRP) and the oxidative stress
markers (serum MDA and FRAP) during a single HD ses-
sion were studied. The subjects in our study had higher
level of PTX3 in ESRD patients on HD when compared
to healthy controls. A study by Tong et al. reported that
patients with higher PTX3 levels had a higher cardiovas-
cular mortality with hazard ratio 1.83 when comparing
patients within the highest PTX3 tertile with patients
within the other two tertiles [21]. The present study
also showed a significant elevation of serum Pentraxin-
3 after a single session of HD, suggesting the role of
dialysis perse in the process of inflammation. This was
also well comparable to previous studies as reported by
Malaponte et al. [22]. The hemoconcentration due to
UF should be taken into account in studies measuring
peptide concentrations during HD. In the present study,
serum Pentraxin-3 and hs-CRP levels were corrected for
net UF. Our study also showed that HD patients have
higher plasma PTX3 concentrations than normal indi-
viduals along with increased hs-CRP levels. Traditional
assays for CRP are not sensitive for measuring the lower
serum values associated with inflammatory process.
The newer hs-CRP assays are capable of measuring
serum CRP to below 0.1 mg/L. Korevaar et al. in their
study observed an increase in CRP in 26% of their
patients after adjusting for volume changes during
HD [20]. The result that significantly increased PTX3
levels after a single HD session in the present study
suggested HD procedure itself could induce inflamma-
tion. Various dialysis-related factors such as dialyzer
membrane bioincompatibility, type of vascular access
and dialysate contamination may promote a persistent,
low-grade inflammatory response in these patients.
Due to its extrahepatic synthesis, the PTX3 level is
believed to be a true independent indicator of endo-
thelial cell injury in contrast to CRP [19]. Furthermore, in
response to a stimulus, PTX3 increases in plasma more
rapidly than CRP [23]. Hence, it may be considered as a
novel marker to evaluate the inflammatory response in
ESRD patients on dialysis. PTX-3 is described as
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Figure 1. Scatter plot showing association of Pentraxin-3
and FRAP.

inflammatory molecule that belongs to the same family
as CRP [24]. In agreement with, and confirming, previ-
ous findings, the current study reports strong associ-
ation between PTX-3 and FRAP in HD patients as
shown in Figure 1. Oxidative stress poses a serious
threat to the cardiovascular outcome in end stage renal
disease. In our study, MDA was significantly increased
in end stage renal disease patients on dialysis when
compared to controls. These findings are supported by
Hacisevki who reported multiple factors that influence
oxidative stress in HD therapy such as increase in the
production of agents from oxidative metabolism and a
decrease in antioxidant defenses, the use of low bio-
compatible membranes and purity of dialysis water
[25]. Malondialdehyde decreased after a single session
of HD, but it was not significant. Malondialdehyde
being a small water soluble molecule can diffuse across
dialysis membranes. Taking into consideration of the
clearance of MDA during dialysis, the ratio of MDA and
creatinine was likely to give a better picture about MDA
during dialysis. After correcting MDA for creatinine, we
found a significant increase in MDA levels from pre-dia-
lysis to the post-dialysis indicating that the increase in
MDA during HD was due to its increased production
consequent to oxidative stress, rather than getting
cleared by dialysis [26]. This increase in post-HD MDA
was an indicator of the presence of oxidative stress dur-
ing the dialysis session [27]. In the present study, there
was significant increase in FRAP in end stage renal dis-
ease patients on dialysis when compared to controls.
This was in accordance with many studies who
observed altered nonenzymatic and enzymatic antioxi-
dants in ESRD patients on PD and on HD [28]. We found
a significant decrease in post-HD FRAP compared with
predialysis levels. Uric acid, which has strong reducing
and antioxidant properties but increased levels of uric
acid, was observed as a potential risk factor for CVD
[29]. Uric acid at higher concentrations was found to
behave as a pro-oxidant under conditions of oxidative
stress, especially in the presence of deficiencies in
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antioxidant systems. Uric acid was known to be cleared
by HD as evidenced by a decrease in uric acid levels
when compared to pre-HD in the present study. In the
FRAP assay, uric acid contributes to a major portion of
the FRAP values, which is about 60%. It had been
reported that FRAP correlated significantly with serum
uric acid and bilirubin levels in HD patients and controls
[30]. In our study, there was significant decrease in
post-HD uric acid levels when compared to predialysis
levels, hence a <change in post FRAP levels
was observed.

To conclude, the present study findings suggest that
during a single session of HD, there is increase in
inflammation as observed by statistically significant
increase in serum Pentraxin-3 and hs-CRP and increase
in oxidative stress as observed by a statistically signifi-
cant increase in serum MDA. These findings suggest
that changes in inflammatory and oxidative stress bio-
markers occur during a single HD session but further
studies are required for monitoring the intradialytic
inflammatory response during HD and also follow up of
association of CVD risk-related biomarkers with the car-
diovascular outcomes in ESRD patients is more beneficial.
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