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ABSTRACT: Chronic Kidney Disease (CKD) is one of the most important health challenges faced by the 

world today, with new cases being added at an alarming rate. Controlling traditional risk factors has not been 

effective in bringing down the incidence of the disease. CKD is associated with inflammation, morbidity, poor 

quality of life, decreased life-expectancy and death. Oxidative stress represents the imbalance between pro-

oxidants and antioxidants in our body. Though a number of studies have focussed on the association between 

CKD and oxidative stress, majority of them are based on patients on hemodialysis. Moreover, there is confusion 

about the way the levels of some of these biomarkers vary in response to oxidative stress. This study was 

designed to study the biomarker of inflammation (CRP), MDA as a marker of oxidative stress, and SOD, GPx 

and TAC as parameters of antioxidant activity in controls and patients in different stages of CKD. We found that 

CRP and MDA values increase as disease progresses while there is decrease in the levels of SOD and GPx. The 
TAC values in patients do not vary much from that of controls. Efforts should be made to identify and reduce 

oxidative stress from the time of diagnosis of CKD.  
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I. INTRODUCTION 
  Chronic Kidney Disease (CKD) also known as chronic renal disease, is a progressive loss in renal 

function over a period of months or years. CKD and its resultant sequelae represent a major challenge to the 

medical world. The prevalence is estimated to be 8-16% worldwide. [1] While developed countries are allocating 

large funds to face this challenge, people in the developing countries are reeling under the tremendous financial, 
psychological and emotional burden of the disease due to insufficient infrastructure and resources available to 

deal with the disease. Scientists are looking at not just traditional risk factors but also non-traditional ones to 

help in early detection of the disease so as to initiate treatment early and probably try to reverse this condition or 

at least delay adverse outcomes.  

      Reactive Oxygen Species (ROS) are free radicals which are constantly being produced in our body 

during various metabolic processes. When healthy, our body is endowed with the ability to deal with these 

attackers with the help of antioxidant mechanisms. Trouble starts brewing when the subtle balance tilts in favour 

of the free radicals. They gain an upper hand while the defence mechanism lags behind. Cellular antioxidants 

are overwhelmed by repeated oxidative insults. The production of ROS soon cascades leading to a scenario of 

tissue damage, cell death and disease. ROS cause tissue damage by a variety of different mechanisms which 

include DNA & protein damage, lipid peroxidation, stimulating release of pro-inflammatory cytokines, etc. [2] 

This disturbance in the delicate equilibrium of pro-oxidants:antioxidants in favour of the pro-oxidants is termed 

as oxidative stress. In short, oxidative stress represents an imbalance between the production and manifestation 

of ROS and a biological system’s ability to readily detoxify the reactive intermediates or to repair the resulting 

damage. Oxidative stress may be the sole cause of some disease but more often it weakens the immune system 

and makes the body vulnerable to diseases caused by other factors. It may also worsen existing conditions and 

slow down healing process.  

      CKD is associated with increased inflammation.[3] Chronic inflammation in the body is measured by 

the elevated levels of inflammatory markers and CRP is the marker of choice in monitoring the acute phase 

response as it increases to a relatively high concentration compared to basal concentration. [4] Many studies in 

the recent times have been harvesting increasing evidence about the association between oxidative stress and 

CKD, and, many markers are being routinely used to measure this. [5-7] There is still confusion about how the 

levels of some of these markers vary with increasing severity of the disease. Moreover, many of the studies in 
this regard are based on patients on hemodialysis (HD). So, we set out to measure markers of inflammation and 

parameters of oxidative stress in patients in different stages of CKD. 
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II. MATERIALS AND METHODS 
The present study was carried out in the Department of Biochemistry, MGV’s KBH Dental College 

and Hospital, Nasik and Supreme Kidney Care, Om Chambers, Nasik. 

      The protocol for this cross-sectional study was approved by the Institutional Ethics Committee of 

MGV’s KBH Dental College and Hospital, Nasik and the Human Ethics Committee at UDIRT, Maharashtra 

University of Health Sciences, Nasik. Prior to enrolment in the study, candidates who fulfilled the inclusion 

criteria were given detailed oral information about the study and invited to participate. A Patient Information 

Sheet (PIS) was handed over to them and written informed consent obtained.  

      108 patients of age ≥ 18 years with pre-diagnosed CKD and 22 controls were included in this study. 

The subjects were enrolled from Supreme Kidney Care, Nasik. 

 

2.1. Inclusion Criteria  

2.1.1. Controls  

These were the relatives/ friends accompanying the patients to the OPD. These volunteers had 

 No previous diagnosis of CKD. 

 No other systemic complications. 

 

2.1.2. Study group subjects 

Study group subjects were people with confirmed diagnosis of CKD of any cause for at least 6 months. 

 

2.2 Exclusion Criteria 

Both controls and study group subjects were excluded if they 

 Had undergone anti-microbial/ anti-inflammatory therapy in the last 6 months. 

 Were on vitamin supplements. 

 Used steroidal or immunosuppressive drugs. 

 Consume alcohol. 

 Are pregnant/lactating women or women on hormone-replacement therapy. 

  Have acute inflammatory illnesses, hospitalization for cardiac or infection-related morbidity within 6 

weeks before study, severe comorbid complications, previous kidney transplantation or are on experimental 

drug protocols. 

 

2.3. Sample Collection 

Blood samples were obtained from the patients and controls in the mornings during regular outpatient 

departmental visit. A total of 5ml blood was collected from each subject, 2ml was collected in heparinised bulb 
and the remaining was collected in plain bulb. Plasma was separated by centrifugation at 3000 rpm for 10-15 

minutes at room temperature. Samples for serum collection were allowed to clot at room temperature before 

centrifugation. All samples were analyzed on the same day of collection. 

 

2.4. Biochemical Parameters 

The following tests were performed: 

1. Estimation of serum C-reactive protein (CRP) by( Immunoturbidometric Method using Turbilyte CRP kit 

from Tulip Diagnostic (P) Ltd., Goa, India. 

2. Estimation of serum lipid peroxide level by the method of Kei Satoh. [8] 

3. Estimation of Superoxide dismutase (SOD) activity in serum by method of Kajari Das. [9] 

4. Estimation of Glutathione Peroxidase (GPx) in serum by method of Paglia and Valentine. [10] 
5. Estimation of Total Antioxidant Capacity (TAC) by FRAP method of Benzie et al. [11] 

 

III. RESULTS 
The comparison of control group was carried out with the study group with respect to mean value ± 

standard deviation. For comparison of parameters between controls and various stages of CKD, one-way 

analysis of variance (ANOVA) was applied. The results obtained are tabulated below. Probability values of 

<0.05 were considered to be statistically significant. 

 

Table 1: Demographics of controls and CKD patients 
 Group Number Males Females   Mean Age 

   (Years) 

Controls 22 13 09 42.86±10.59 

Stage 1+2 30 22 08 32.93±10.96 

Stage 3+4 40 28 12 49.98±10.94 

Stage 5 38 23 17 49.39±14.55 
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Table 2: Mean values of CRP & Parameters of Oxidative Stress in controls and patients 
Parameter Controls Stage 1& 2 Stage 3 &4 Stage 5 P value 

CRP (mg/dl) 1.33±1.03 2.15±0.99 5.88±3.20 5.54±3.74 <0.001 

MDA (nmol/ml) 5.26±0.64 5.79±0.79 7.53±0.59 7.68±0.55 <0.001 

SOD (U/L) 4.34±0.72 3.78±0.43 3.45±0.52 3.19±0.62 <0.001 

GPx (U/ml) 3.58±0.40 3.40±0.30 3.25±0.44 2.97±0.39 <0.001 

TAC (mmol/lit) 1.97±0.13 1.63±0.30 1.94±0.16 2.00±0.23 <0.001 

 

TABLE 1 represents the demographic characteristics of controls and cases. Mean age of controls in our 

study is more than that of patients with stage 1&2 CKD while stage 3&4 and stage 5 patients are almost in the 

same age group. There are more number of males as compared to females in all the groups. TABLE 2 depicts 

the mean values of all parameters of oxidative stress in controls and cases. As expected, mean CRP levels are 

found to be lowest in the controls, followed by stage 1&2. The mean CRP values in stage 3&4 and stage 5 CKD 

patients are found to be very close to each other. MDA values show a gradual increase from controls to stage 5 

CKD, while SOD and GPx values show a decreasing trend. Stage 1&2 CKD patients have lower TAC values as 
compared to controls, while stage 3&4 and stage 5 CKD patients are found to have TAC values comparable to 

that of controls. 

 

IV. Discussion 

Once the diagnosis of CKD is made, staging is based on the estimated glomerular filtration rate 

(eGFR). Recent professional guidelines classify the severity of CKD in 5 stages, with stage 1 being the mildest 

and usually causing few symptoms and stage 5 being a severe illness with poor life expectancy if untreated. [12]
  

      Our results show that controls have lower mean CRP values as compared to the CKD patients. As the 

disease progresses, it results in more severe inflammation. Stage 3&4 and stage 5 CKD patients show the 

highest CRP values. Inflammation is associated with increased oxidative stress. [13] This in turn results in 

increased lipid peroxidation leading to increase in the levels of Malondialdehyde (MDA). In our study, we 

found that MDA levels are lower in controls as compared to patients with CKD. As compared to early stages of 
CKD, later stages of CKD exhibit significantly higher levels of MDA, which implies that oxidative stress 

increases with disease progression. SOD and GPx are the enzymes of antioxidant defence in our body. As 

oxidative stress increases, the defence mechanism is overwhelmed by the repeated onslaught of the ROS, 

resulting in lower levels of these enzymes. It is also possible that persons with CKD have a lower concentration 

of antioxidant enzymes making them susceptible to the disease in the first place. Our results are in agreement 

with other studies which also found higher MDA and decreased SOD and GPx values in HD patients as 

compared to controls. [14-19] All available studies in literature are unanimous in saying that MDA values increase 

with increasing oxidative stress. However, some studies report higher SOD values in HD patients as compared 

to controls. [20-22] 

      TAC represents the sum total of the antioxidant defence existing in the body. As CKD progresses, 

weakening of the antioxidant defence should correspond with lowering of TAC values. However, our results 
show that though TAC values in the initial stages of CKD are lower than those of controls, TAC values increase 

with disease progression. In fact, CKD stage 5 patients have TAC values higher than controls. This may be as a 

result of serum urea accumulation as the kidney function deteriorates. Previous studies too have found elevated 

TAC in later stages of CKD which were strongly correlated to higher serum creatinine, uric acid and urea levels 

in these patients. [23-24]  

      Dounousi et al reported significantly increased oxidative stress as CKD stage advanced and concluded 

that this plays a central role in the pathophysiological processs of uremia and its complications. [25] According to 

Cachofeiro et al renal disease is associated with graded increase in oxidative stress markers even in early CKD, 

which could be either due to increased production of ROS or due to decrease in antioxidant defence of the body. 

This in turn may trigger the release of inflammatory markers like CRP and cytokines which in turn bring about 

deterioration of renal function. [26] Dwivedi and Sarkar too agree that the excessive generation of ROS is one of 

the incriminating mechanisms in the pathogenesis and progression of renal injury. [27] Injury to vascular 
endothelium is measured by elevated levels of CRP. [28] The degree of inflammatory response is closely related 

to the incidence and mortality due to cardiovascular events in CKD patients. [29] Susla et al conclude in their 

study that oxidative stress and chronic inflammation are important factors in the development of cardiovascular 

calcification in CKD patients and this plays a very important role in the functional activity of the 

endothelium.[30]The resulting atherosclerosis increases the risk of cardiovascular complications in these 

patients.[31-32] The exact role of inflammation as a trigger of oxidative stress remains poorly defined and it is not 

yet clear as to which is the initial culprit: inflammation or oxidative stress. [33] So it is important to identify all 

sources of inflammation and oxidative stress in the CKD patients. These biomarkers would prove to be excellent 

indicators of the underlying pathological processes and an additional aid in the diagnosis and treatment of CKD. 
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Therapeutic interventions with antioxidant supplements and other free-radical scavengers may be considered as 

an important approach towards CKD to improve the quality of life of these patients. 

V. Conclusion 
The present study found that inflammation, increased oxidative stress and reduced antioxidant capacity are 

prevalent in the CKD population from the early stages. As renal function deteriorates, this situation only turns 

worse. The inflammation and oxidative stress may exacerbate existing disease and further deteriorate the health 

of the patient. It is therefore extremely important to identify oxidative stress and sources of inflammation in 

patients of CKD right from the time the diagnosis is made. Every effort should be made to reduce the oxidative 

stress in these patients. Use of antioxidant supplements should be part and parcel of their treatment plan. 

Longitudinal clinical trials with a larger sample size to study the beneficial effects of such supplements is 

definitely warranted. 
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