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n Markers of Oxidative Stress, Inflammation 
and Endothelial Dysfunction in ESRD 

Patients with Hepatitis-C Virus Positive 
on Maintenance Haemodialysis

IntROduCtIOn
The HCV infection is an emerging condition in ESRD patients on 
maintenance HD, which constitutes a major burden complicating 
the dialysis process in dialysis units [1]. The worldwide prevalence 
of HCV on maintenance HD patients varies between 1-85% 
[2]. In developing countries like India, the prevalence of HCV is 
particularly high and is a major cause of significant morbidity 
and mortality in ESRD patients [2]. Morbidity and mortality is 
significantly higher in HCV infected dialysis patients and these 
patients succumb even before the long-term HCV complications 
develop [3]. Malnutrition–Inflammation Complex Syndrome (MICS), 
a condition associated with poor short-term clinical outcome, 
mortality, increased hospitalisation rate, significant protein-
energy malnutrition and decreased health-related quality of life is 
a concomitant condition in HD patients [4]. Even though HCV is 
a blood-borne pathogen, several review articles have concluded 
that transmission may occur due to contaminated dialysers, 
HD machines, hands of staff members or other shared patient 
items [5,6]. HCV infected patients on HD have MICS associated 
metabolic abnormalities such as insulin resistance, oxidative stress, 
inflammation, and endothelial dysfunction [7]. Earlier studies have 
reported an association of these abnormalities in HCV infected 
patients on HD, but this has not been evaluated [8]. Recently, 
the role of inflammation in the pathogenesis of atherosclerosis 
has been clearly defined in various studies [4,9]. It has also been 
shown that HCV seropositivity, carotid artery plaque formation and 
increased carotid intima-media wall thickness are independently 

correlated in general population [10]. Some observational studies 
have shown that hyperhomocysteinemia is an independent risk 
factor for cardiovascular disease in the general population [8,11]. 
An effect of hyperhomocysteinaemia on renal failure is related 
to increased cardiovascular risk. Therefore, with progression 
of kidney disease, a series of abnormalities develop such as 
increased oxidative stress, worsening inflammation, and increased 
serum Hcy levels. To better characterise the impact of HCV on 
short term cardiovascular mortality, the present study aimed to 
estimate the levels of MDA, FRAP, hs-CRP, Hcy, NO and CIMT in 
ESRD patients with and without HCV infection on maintenance HD 
and compared with the controls.

MAtERIALS And MEthOdS
The cross-sectional prospective study was conducted at the 
Department of Nephrology in collaboration with Department of 
Biochemistry at Sri Venkateswara Institute of Medical Sciences, 
Tirupati, Andhra Pradesh, India, for a duration of one year from 
March 2010 to March 2011. Nineteen healthy controls were 
included as Group 1 in the present study. The exclusion criteria for 
controls was chronic kidney disease, Acute Renal Failure (ARF), 
HCV seropositive status, smoking, paediatric age group (<18 years), 
pregnant women, unwilling patients, diabetes mellitus, vasculitis, liver 
disease, malignancy, history of alcohol abuse. The 44 patients with 
ESRD receiving regular maintenance haemodialysis were recruited 
in the present study. Among 44 patients with ESRD on maintenance 
HD, 22 patients with ESRD with seronegative status for HCV were 
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ABStRACt
Introduction: Hepatitis C Virus (HCV) infection is the significant 
cause of morbidity and mortality in Haemodialysis (HD) patients 
and kidney transplant recipients. HD technique may contribute 
to in maintaining the inflammatory state in many HD patients. 
Oxidative stress, inflammation and endothelial dysfunction are 
common in patients with End-Stage Renal Disease (ESRD).

Aim: To assess the possible relationships between oxidative 
stress, inflammatory and endothelial dysfunction markers with 
HCV positive status on maintenance HD.

Materials and Methods: The study enrolled 22 patients with 
ESRD, seropositive for HCV; 22 patients with ESRD, seronegative 
for HCV on maintenance HD and 19 healthy subjects as controls. In 
the present study, high sensitivity C-reactive protein (hs-CRP) was 
estimated by immunoturbidimetry method, Homocysteine (Hcy) 
was estimated by enzymatic recycling method, Malondialdehyde 

(MDA),  Ferric Reducing Ability of Plasma (FRAP) and Nitric 
oxide (NO) were estimated by spectrophotometric method and 
Carotid Intima Media Thickness (CIMT) was estimated by Carotid 
Ultrasonography. 

Results: There is statistically significant increase in serum MDA, 
Hcy, hs-CRP, CIMT levels and statistically significant decrease 
in serum NO and FRAP levels in HCV positive and HCV negative 
groups when compared to controls. Correlation analysis of CIMT 
with other markers in the study showed statistically significant 
negative correlations among CIMT with FRAP and NO and 
statistically significant positive correlations among CIMT with hs-
CRP and Hcy but no association with MDA.

Conclusion: Oxidative stress, inflammation, and endothelial 
dysfunction might be associated with HCV infection in ESRD 
patients on maintenance HD.
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parameter Group 1 vs. 2 Group 1 vs. 3 Group 2 vs. 3

MDA (μmol/L) p=0.001* p<0.001* p<0.001*

FRAP (mmol/L) p=0.016* p<0.001* p=0.085†

Serum NO (μmol/L) p=0.002* p=0.536† p=0.018*

Hcy (μmol/L) p=0.019* p<0.001* p<0.001*

hs-CRP (mg/dL) p=0.001* p<0.001* p=0.002*

CIMT p<0.001* p<0.001* p<0.001*

[table/Fig-3]: The significance of changes between the groups of the present 
study.
Group 1: control group, Group 2:ESRD with HCV Negative, Group 3: ESRD with HCV Positive.
MDA-malondialdehyde, hsCRP-High sensitivity C-reactive Protein, FRAP-Ferric reducing ability of 
plasma, NO-Nitric oxide. Hcy-Homocysteine
*Significant p-value at the 0.05. †NS, Not significant at the 0.05 probability level. (Using Post-Hoc 
analysis- Bonferroni test)

parameter
Group 1 

mean±Sd 
Group 2 

mean±Sd
Group 3 

mean±Sd
p-value

MDA (μmol/L) 2.12±0.82 3.08±0.67 5.81±0.91 p<0.001*

FRAP 
(mmol/L)

1170.45±252.37 997.52±191.80 884.86±132.51 p<0.001*

Serum NO 
(μmol/L)

29.73±7.31 18.75±10.83 27.45±11.81 p=0.002*

Hcy (μmol/L) 7.51±2.76 12.46±3.26 23.12±9.11 p<0.001*

hs-CRP (mg/
dL)

0.1200±0.06 3.85±1.77 8.66±5.41 p<0.001*

CIMT 0.52±0.14 0.75±0.08 0.96±0.13 p<0.001*

[table/Fig-2]: Mean±SD of the various biochemical parameters across the groups 
of the present study. 
Group 1: control group, Group 2: ESRD with HCV Negative, Group 3: ESRD with HCV Positive.
Data is expressed as mean±SD. MDA- malondialdehyde, hsCRP-High sensitivity C-reactive 
Protein, FRAP- Ferric reducing ability of plasma, NO-Nitric oxide. Hcy-Homocysteine 
*Significant p-value at the 0.05. (Using One-way ANOVA)

General characteristics Group 1 Group 2 Group 3

Age Mean±SD (years) 52.66±6.33 49.36±11.36 50.26±12.69

Sample size (n) 19 22 22

Gender (Male/Female) 14/5 16/6 16/6

DM - 9 6

HTN - 22 22

Average duration on HD supports - 3.18 years 4.65 years

[table/Fig-1]: Showing the Demographic characteristics in different studied 
groups.
Group 1: control group, Group 2:ESRD with HCV Negative, Group 3: ESRD with HCV Positive,
DM-Diabetes mellitus, HTN-Hypertension

HD patients are shown in the [Table/Fig-1]. The mean±SD of the 
biochemical parameters in ESRD patients of controls and both 
groups by using One-way ANOVA are shown in the [Table/Fig-2]. 
The inflammatory marker hs-CRP was found to be significantly 
elevated in Group 2 and 3 compared with controls (p-value <0.001). 
The serum MDA was measured as marker of oxidative stress and 
found to be significantly elevated in Group 2 and 3 compared to 
controls (p-value<0.001). The serum Hcy levels were found to be 
increased in Group 2 and 3 compared with controls which was 
stastically significant (p-value<0.001). The CIMT levels were found 
to be significantly elevated in Group 2 and 3 compared with controls 
which was stastically significant (p-value<0.001). The post-hoc 
analysis of the biochemical parameters studied among three groups 
was shown in [Table/Fig-3].  In the present study, CIMT is correlated 
with the other markers and shown in [Table/Fig-4]. The scatter plots 
showing association of CIMT with hs-CRP, HCY, NO and FRAP 
[Table/Fig-5].

included as Group 2 and 22 patients with ESRD with seropositive 
status for HCV were included as Group 3. 

exclusion criteria: Patients with positive status for anti-HCV 
antibodies at the beginning of the HD, ARF, acute on chronic kidney 
disease, smoking, paediatric age group (<18 years), pregnant 
women, unwilling patients, vasculitis, liver disease, malignancy, 
history of alcohol abuse.

The study protocol was approved by the Institutional Ethics 
Committee. A written informed consent was taken from all the 
subjects of the study.

Laboratory Analysis
A 5 mL of venous blood sample was drawn in additive free tubes 
from the end of the dialyser just before commencement of the HD 
session from both the case groups and 5 mL of fasting venous 
blood sample was drawn in additive free tubes from the controls. 
The blood samples were allowed to stand for 30 minutes at room 
temperature for the retraction of clot, centrifuged (Remi 8RC 
centrifuge) at 3000 rpm for 15 minutes to separate the serum. The 
separated serum was stored at -80ºC until further analysis.

Serum urea, creatinine were estimated by timed fixed endpoint 
method and Modified Jaffe’s rate kinetic method by Beckman system 
pack [12]. Serum hs-CRP was estimated by immunoturbidimetry 
method using the commercial kit obtained from Tulip Diagnostics 
Limited-Quantia-CRP [13]. The test sample is mixed with latex 
reagent and activation buffer. Presence of CRP in the sample results 
in the formation of an insoluble complex producing a turbidity, which 
is measured at wavelength between 505-578 nm. Serum Hcy was 
estimated by enzymatic recyclic method by commercial kit from 
Bio-Rad, India. The principle of the assay was that homocysteine in 
the sample was converted to S-adenosyl-L-homocysteine (SAH) in 
the presence of SAH hydrolase. After the removal of unbound anti-
SAH antibody, Horse Radish Peroxidise (HRP) was added. After 
the addition of substrate, the peroxidase activity in the sample was 
measured spectrophotometrically and the absorbance was inversely 
proportional to the concentration of Hcy in the sample [14]. All the 
above parameters were estimated on Beckman Synchron CX9 Clinical 
Chemistry autoanalyser, USA. MDA and FRAP were estimated by 
spectrophotometric method using Perkin-Elmer spectrophotometer 
(Lambda 25 UV/VIS Spectrophotometer, USA) [15,16]. Serum NO was 
estimated by Griess method using Perkin-Elmer spectrophotometer 
(Lambda 25 UV/VIS Spectrophotometer, USA) [17].

CIMT: Carotid Ultrasonography: Both the carotid arteries were 
investigated ultrasonographically with an AlokaPro sound SSD-5000 
using 7.5 Hz high resolution linear probe for Intima Media Thickness 
(IMT). IMT was measured on the longitudinal views of the far wall of 
the distal segment of common carotid artery, carotid bifurcation and 
intimal tract of internal carotid artery on both sides. Measurements 
performed were 0.5, 1 and 2 cm below and above the bifurcation 
(six measurements on each side) in a plaque free arterial segment. 
Each measurement was an average of three measurements by 
single observer. 

StAtIStICAL AnALYSIS
All continuous variables were tested for normal distribution with the 
Kolmogorov–Smirnov test. Normally distributed data were presented 
as mean±standard deviation. Categorical data were presented as 
numbers and percent. Comparisons between the groups were 
analysed by using One-way ANOVA followed by post-hoc analysis. 
Pearson’s rank correlation was used to determine correlations 
of CIMT levels with other variables. All statistical analyses were 
performed with SPSS (version 16.0, SPSS Inc., Chicago, IL, USA). 
A p-value of <0.05 was considered significant.

RESuLtS
The general demographic characteristics of 22 ESRD patients with 
HCV positive on HD and 22 ESRD patients with HCV negative on 

dISCuSSIOn
Chronic inflammation and oxidative stress are highly prevalent in 
patients with chronic kidney disease and ESRD. The gold standard 
among the microinflammatory markers for the measurement of 
inflammation is CRP [11]. In the present study the effect of HCV 
infection in patients on maintenance HD with state of inflammation 
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by comparing the values of hsCRP between those with and without 
HCV infection was analysed. Increased levels of serum hs-CRP 
were found in ESRD patients with and without HCV infection on 
maintenance HD as compared to normal controls which were 
found to be statistically significant (p-value <0.001). Comparative 
analysis between the groups with HCV positive and negative status 
also yield significantly high levels of hs-CRP in HCV positives 
than HCV negatives. Several factors contribute to inflammation in 
patients on maintenance HD [18]. They are classified into patient 
related and dialysis technique related. Patient related factors include 
underlying disease, comorbidities, oxidative stress, increased 
calcium phosphorous product, occult infections like periodontitis 
and vascular access infections, anaemia, immunologic factors and 
sedentary lifestyle. Dialysis technique related factors include retention 
of inflammatory mediators, oxidative imbalance, acetate, pyrogenic 
substances of the dialysate and complement activation due to the 
use of certain bio incompatible materials [8]. The central roles in 
MICS might be played by pro-inflammatory cytokines generated 
during HD as evidenced by increased hs CRP, Interleukin-6 (IL-6) 
and TNF alpha levels in HCV-infected patients on Maintenance 
Haemodialysis (MHD) reported by Tsai HB et al., [19]. All of the above 
findings agree with the results of the present study. In the present 
study, increased oxidative stress was noted in ESRD patients on 
MHD with hepatitis c positive status compared to hepatitis c negative 
status. MDA has been taken as the representative of oxidative 
injury and FRAP has been chosen to suggest the antioxidative 
status. In the present study, statistically significant increased MDA 
levels in both HCV positive and negative patients on maintenance 

haemodialysis were observed as compared to controls, suggesting 
increased oxidative stress (p-value <0.001). In the present study, the 
comparative analysis between HCV positive and negative patients 
in terms of MDA levels observed statistically significant increased 
MDA levels in HCV infected patients on MHD as compared to non-
infected patients on MHD. This is in concurrence with the existing 
observations in the literature who considered oxidative stress as 
a potentially important source of patient morbidity and mortality in 
HCV infected patients on MHD [20]. In HCV infected patients on 
MHD, the infection stimulates the production of Reactive Oxygen 
Species (ROS) by activated macrophages and hepatocytes. 
Liver tissue and plasma samples from infected patients show 
an increase in the lipid peroxidation products. HCV replication is 
found to disturb Endoplasmic Reticulum (ER) inducing ER stress 
which stimulates protein degradation and depletes ER calcium 
stores, a factor that stimulates increased oxidative stress [21]. In 
addition, the viral core protein also found to increase oxidative 
stress through its action on the mitochondria [22]. With regard to 
antioxidant activity demonstrated by FRAP assay the present study 
in did not found any statistically significant reduction in HCV infected 
patients as compared to non-infected HCV patients. However, the 
antioxidant activity was significantly low in patients with ESRD on 
MHD as compared to controls which in turn suggests its utilization 
in mitigating oxidative stress as compared to controls. 

The ESRD results in tenfold higher cardiovascular mortality rate [23]. 
Endothelial dysfunction is a potential mechanism that contributes 
to cardiovascular risk and is characterized by reduced synthesis or 
bioavailability of NO [24]. In the present study, serum nitrate levels 
had been taken as an indicator of NO production. NO levels were 
found to be low in patients receiving HD as compared to controls as 
shown in [Table/Fig-2]. The amount of NO produced is dependent 
upon substrate (arginine) availability and the presence of inhibitors 
of Nitric Oxide Synthase (NOS) and Asymmetric Dimethylarginine 
(ADMA). Plasma nitrate levels were found to be elevated in 
patients on MHD with HCV infection than without infection. 
Several studies had showed increased serum homocysteine levels 
to be an independent risk factor in maintenance haemodialysis 
patients causing atherosclerotic vascular disease, vascular access 
thrombosis and increased cardiovascular mortality in patients 
undergoing dialysis therapy [11,25]. In the present study, statistically 
significant increased serum Hcy levels were found in patients on 
MHD as compared to controls. In the present study, serum Hcy 
levels were compared in patients with HCV positive and negative 
status on MHD and observed statistically significantly higher Hcy 
levels in those with HCV infection as compared to those without 
infection (p-value <0.001). In a study by Suliman ME et al., observed 
that the levels of Hcy were elevated in 95% of the patients on MHD 
but that the absolute level of Hcy appears to be dependent on 
nutritional status, intake of protein and serum albumin levels which 
can be related in terms of cardiovascular risk [26]. The proposed 
mechanisms by which homocysteine induces atherosclerosis might 
be enhancement of oxidative stress, modulation of coagulation and 
fibrinolytic activity, promotion of vascular smooth muscle proliferation 
and endothelial dysfunction [27]. Haemodialysis patients are 
known to have an advanced carotid artery intimal medial thickness 
compared with age and gender matched normal subjects. In the 
present study, carotid intimal medial thickness was evaluated in 
patients on MHD as compared to controls. Further the differences 
in measurements of CIMT in patients on MHD in those with HCV 
infection and those without were assessed. When compared with 
controls the patients on MHD had significantly higher CIMT mean 
values. Hence, the morbidity and mortality of HCV infected HD 
patients are higher than the non-infected ones. Consistent with these 
data, other cross-sectional studies from both Western and Asian 
populations reported a higher prevalence of carotid atherosclerosis 
in individuals infected with HCV compared to non-infected controls 

parameter r p-value

MDA 0.157 0.208†

FRAP -0.322 0.008**

NO -0.268 0.030*

Hcy 0.268 0.029*

hs-CRP 0.259 0.049*

[table/Fig-4]: Table showing the correlation of CIMT with biochemical markers of 
the present study.
MDA- Malondialdehyde, hsCRP-High sensitivity C-reactive protein, FRAP-Ferric reducing ability of 
plasma, NO-Nitric oxide. Hcy-Homocysteine. r-correlation coefficient
**Significant at the 0.01 probability level *Significant at the 0.05 probability level, †NS, Not signifi-
cant at the 0.05 probability level (Using Pearson correlation coefficient)

[table/Fig-5]: Scatter plots showing association of CIMT with hs-CRP, HCY, NO 
and FRAP.
X-axis- independent variables and Y-Axis-dependent variable (CIMT)
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[28,29]. It has been demonstrated that HCV colonises and replicates 
within carotid plaques likely causing vascular inflammation. 
HCV promote atherogenesis through several direct and indirect 
mechanisms involving HCV colonisation and replication within 
arterial walls, enhanced and imbalanced secretion of inflammatory 
cytokines, oxidative stress, endotoxemia, mixed cryoglobulinaemia, 
perturbed cellular and humoral immunity, hyperhomocysteinaemia, 
hypo-adiponectinaemia, insulin resistance, type 2 diabetes and 
other components of the metabolic syndrome [30]. Earlier studies 
conducted in the general population showed that HCV markers 
were independently associated with atherosclerosis [30,31,32]. 
These findings were supported by Zaki MSE, who reported that 
HCV has a significant effect on the development of cardiovascular 
diseases in the general population, and in renal disease patients on 
the structural level [33].

LIMItAtIOn
The sample size for the control group is less compared to that of 
test group due to drop outs. Moreover, due to time constraints, the 
sample size was small and also a difference in the sample size was 
found in between the groups.

COnCLuSIOn
The present study findings summarise the possibility of contribution 
of HCV infection to oxidative stress, inflammation and endothelial 
dysfunction in addition to chronic kidney disease and dialysis. The 
present study findings also support the view that the HCV infection 
is a risk factor for atherosclerosis and cardiovascular mortality in 
ESRD patients on maintenance haemodialysis.
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