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ABSTRACT

Background: Chronic kidney disease (CKD) is a progressive disorder characterized by irreversible
loss of renal function and is associated with substantial morbidity and mortality. Increasing evidence
suggests that oxidative stress plays a crucial role in the pathogenesis and progression of CKD.
Imbalance between reactive oxygen species production and antioxidant defense mechanisms
contributes to renal injury, inflammation, and cardiovascular complications. Evaluation of oxidative
stress biomarkers may provide valuable insights into disease severity and progression.

Objectives: To assess oxidative stress markers in patients with chronic kidney disease and to
determine their association with renal function parameters.

Methods: A hospital-based observational analytical cross-sectional study was conducted in the
Departments of Biochemistry and Nephrology of a tertiary care hospital in North India from February
2024 to May 2024. A total of 46 adult patients diagnosed with CKD were enrolled using consecutive
sampling. Demographic and clinical details were recorded using a structured case record form. Renal
function was assessed by measuring serum creatinine, blood urea, and estimated glomerular filtration
rate (eGFR). Oxidative stress was evaluated using serum malondialdehyde (MDA), superoxide
dismutase (SOD), and reduced glutathione (GSH). Statistical analysis was performed using SPSS
version 26.0. Correlation analysis was used to determine associations between oxidative stress
markers and renal function parameters. A p-value <0.05 was considered statistically significant.

Results: Among the 46 participants, the majority belonged to the 41-60-year age group, and males
constituted 60.9% of the study population. Most patients were categorized as CKD Stage 3 or Stage
4. Mean serum creatinine was 4.2 +2.1 mg/dL, blood urea was 86.4 +28.7 mg/dL, and mean eGFR
was 31.8 *£18.5 mL/min/1.73 m?. Serum MDA levels increased progressively from CKD Stage 2 to
Stage 5, whereas SOD and GSH levels showed a declining trend. Significant differences in oxidative
stress markers were observed across CKD stages (p<0.05). MDA demonstrated a positive correlation
with serum creatinine and a negative correlation with eGFR, while SOD and GSH showed inverse
correlations with serum creatinine and positive correlations with eGFR.
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Conclusion: Oxidative stress increases significantly with worsening renal function in patients with
chronic kidney disease. Elevated MDA levels and reduced antioxidant defenses are associated with
advanced disease stages. Assessment of oxidative stress biomarkers may serve as a useful adjunct in
evaluating disease severity and monitoring CKD progression.
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INTRODUCTION

Chronic kidney disease (CKD) is a major global public health problem characterized by progressive
and irreversible decline in renal function, resulting in substantial morbidity, mortality, and healthcare
expenditure. According to recent estimates, CKD affects approximately 10-13% of the global
population and is recognized as one of the leading causes of disability-adjusted life years worldwide
[1]. The increasing prevalence of diabetes mellitus, hypertension, obesity, and aging populations has
contributed significantly to the growing burden of CKD across both developed and developing
countries [2]. Beyond its impact on renal function, CKD is associated with multiple systemic
complications, including cardiovascular disease, anemia, mineral bone disorders, and metabolic
abnormalities that adversely affect patient outcomes [3].

Among the various pathophysiological mechanisms implicated in CKD progression, oxidative stress
has emerged as a critical contributor. Oxidative stress occurs when the generation of reactive oxygen
species (ROS) exceeds the capacity of endogenous antioxidant defense systems, leading to cellular
and molecular damage [4]. Excessive ROS production can result in lipid peroxidation, protein
oxidation, DNA damage, endothelial dysfunction, and activation of pro-inflammatory pathways,
thereby accelerating renal injury and cardiovascular complications [5]. Several studies have
demonstrated that oxidative stress plays an important role not only in the initiation and progression
of CKD but also in the development of its associated complications [6].

Patients with CKD are particularly susceptible to oxidative stress because of impaired antioxidant
defenses, chronic inflammation, accumulation of uremic toxins, and metabolic disturbances. As renal
function deteriorates, the imbalance between oxidant production and antioxidant capacity becomes
increasingly pronounced [7]. Biomarkers such as malondialdehyde (MDA), superoxide dismutase
(SOD), catalase, glutathione peroxidase (GPx), and total antioxidant capacity (TAC) have been
widely used to assess oxidative stress status in CKD patients. Elevated levels of lipid peroxidation
products and reduced antioxidant enzyme activities have consistently been reported in individuals
with advanced renal dysfunction [8].

In India, CKD represents a growing healthcare challenge due to the rising prevalence of diabetes,
hypertension, and lifestyle-related disorders. Epidemiological studies indicate that CKD affects a
considerable proportion of the adult population, with many cases remaining undiagnosed until
advanced stages [9]. Resource limitations, delayed diagnosis, and restricted access to specialized
nephrology services further complicate disease management in many regions of the country.
Understanding the biochemical alterations associated with CKD may facilitate early identification of
high-risk patients and contribute to improved therapeutic strategies.

Although numerous international studies have explored oxidative stress in CKD, data from North
Indian populations remain relatively limited. Variations in genetic background, dietary patterns,
environmental exposures, and healthcare access may influence oxidative stress profiles among CKD
patients. Furthermore, many available studies have focused predominantly on advanced disease
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stages or dialysis populations, leaving gaps in understanding oxidative stress alterations across the
broader CKD spectrum. Assessment of oxidative stress markers in patients attending tertiary care
hospitals may provide valuable insights into disease-related biochemical changes and their clinical
significance.

Therefore, the present study was undertaken to evaluate oxidative stress markers in patients with
chronic kidney disease attending a tertiary care hospital in North India and to compare these markers
with renal function parameters. The specific objectives were to assess levels of selected oxidative
stress biomarkers among CKD patients and to examine their association with disease severity and
biochemical indicators of renal dysfunction.

METHODOLOGY

Study Design: This hospital-based observational analytical cross-sectional study was conducted to
evaluate oxidative stress markers among patients diagnosed with chronic kidney disease (CKD) and
to examine their association with renal function parameters.

Study Setting: The study was carried out in the Department of Biochemistry in collaboration with
the Department of Nephrology at a tertiary care teaching hospital in North India. Laboratory
investigations and biochemical analyses were performed in the central clinical biochemistry
laboratory of the institution.

Study Duration: The study was conducted from February 2024 to May 2024.

Study Population: The study population comprised adult patients diagnosed with chronic kidney
disease attending the Nephrology Outpatient Department or admitted to the Nephrology ward during
the study period. Diagnosis and staging of CKD were based on clinical evaluation and laboratory
findings as per established nephrology guidelines.

Inclusion Criteria
Patients aged >18 years.
Diagnosed cases of chronic kidney disease of at least 3 months duration.
Patients willing to participate and provide written informed consent.
Patients undergoing routine biochemical evaluation during the study period.

Exclusion Criteria
Acute kidney injury.
Active infection or inflammatory disease at the time of enrollment.
Chronic liver disease.
Malignancy.
Autoimmune disorders.
Current antioxidant supplementation within the preceding three months.
Pregnant or lactating women.
Patients unwilling to participate.

Sample Size: The sample size was calculated using the formula for estimation of a mean:
n=7?c*/d?
Where:

n = required sample size

Z =1.96 at 95% confidence level
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o = estimated standard deviation of malondialdehyde (MDA) level from previous literature
(approximately 1.5 units)
d = allowable error (0.45 units)
Substituting the values:
n=(1.96)* x (1.5)*/(0.45)*
n~42.7
Considering possible non-response and incomplete data, the sample size was increased by
approximately 10%, resulting in a final sample size of 46 participants.

Sampling Technique: A consecutive sampling technique was employed. All eligible CKD patients
presenting during the study period and fulfilling the inclusion criteria were recruited consecutively
until the required sample size of 46 participants was achieved.

Data Collection Tools and Procedure: After obtaining written informed consent, demographic and
clinical information including age, sex, duration of CKD, comorbidities, and relevant medical history
were recorded using a predesigned case record form. Venous blood samples were collected under
aseptic conditions following an overnight fast whenever feasible. Routine biochemical investigations
including serum creatinine, blood urea, and estimated glomerular filtration rate (¢GFR) were obtained
from laboratory records or analyzed using standard automated methods.

Oxidative stress assessment included measurement of serum malondialdehyde (MDA) as an indicator
of lipid peroxidation and antioxidant enzyme activities including superoxide dismutase (SOD) and
reduced glutathione (GSH) using validated spectrophotometric methods according to standard
laboratory protocols. Internal quality-control procedures were maintained throughout the study period
to ensure reliability of biochemical measurements.

Study Variables: Independent variables included age, sex, duration of disease, CKD stage, serum
creatinine concentration, blood urea level, and estimated glomerular filtration rate. Dependent
variables comprised oxidative stress markers, namely serum malondialdehyde concentration,
superoxide dismutase activity, and reduced glutathione levels. The study evaluated variations in
oxidative stress markers across patient characteristics and their relationship with indicators of renal
dysfunction.

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using Statistical Package
for the Social Sciences (SPSS) version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as mean #*standard deviation or median with interquartile range depending on data
distribution, while categorical variables were presented as frequencies and percentages. Normality of
data was assessed using the Shapiro-Wilk test. Comparisons between groups were performed using
the independent t-test or one-way analysis of variance (ANOVA) for normally distributed variables
and appropriate non-parametric tests for skewed data. Correlation between oxidative stress markers
and renal function parameters was assessed using Pearson’s or Spearman’s correlation coefficient as
appropriate. A p-value of less than 0.05 was considered statistically significant.

Ethical Considerations: Written informed consent was obtained from all participants prior to
enrollment. Confidentiality and anonymity of patient information were maintained throughout the
study. Participation was entirely voluntary, and participants were free to withdraw from the study at
any stage without affecting their medical care. The study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki and subsequent amendments governing biomedical
research involving human participants.

RESULTS
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A total of 46 patients with chronic kidney disease were included in the study. Most participants
belonged to the 41-60-year age group, and males constituted a greater proportion of the study
population. Hypertension was the most common comorbidity, followed by diabetes mellitus (Table

1.

Table 1. Baseline Demographic and Clinical Characteristics of Study Participants (n = 46)

Variable Category Frequency (n) Percentage (%)
1840 10 21.7
Age (years) 41-60 22 47.8
>60 14 30.5
Male 28 60.9
Sex
Female 18 39.1
) Present 34 73.9
Hypertension
Absent 12 26.1
. . Present 19 41.3
Diabetes Mellitus
Absent 27 58.7
<2 years 16 34.8
Duration of CKD 2-5 years 20 43.5
>5 years 10 21.7

Regarding disease severity, the majority of patients were classified as CKD Stage 3 or Stage 4,
while approximately one-fifth had Stage 5 disease (Table 2)

Table 2. Distribution of Patients According to CKD Stage (n = 46)

CKD Stage ¢GFR (mL/min/1.73 m?) Frequency (n) Percentage (%)
Stage 2 60—-89 5 10.9
Stage 3 30-59 15 32.6
Stage 4 15-29 16 34.8
Stage 5 <15 10 21.7
Total — 46 100.0

Renal function assessment demonstrated elevated serum creatinine and blood urea levels with a
reduced mean eGFR, reflecting moderate-to-severe renal impairment in the study cohort (Table 3)

Table 3. Renal Function Parameters of Study Participants (n = 46)
Parameter Unit Mean + SD
Serum Creatinine mg/dL 42+2.1
Blood Urea mg/dL 86.4 £28.7
eGFR mL/min/1.73 m? 31.8+18.5
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Significant differences in oxidative stress markers were observed across CKD stages (Table 4).

Table 4. Oxidative Stress Markers According to CKD Stage

MDA (nmol/mL SOD (U/mL) Mean = | GSH (mg/dL) Mean +
CKD Stage Me;n +SD ) ( SD) ( gSD)
Stage 2 (n=5) 32406 7.8+1.1 423+£52
Stage 3 (n=15) 4.1+0.8 69+1.2 38.6 £4.8
Stage 4 (n=16) 52+1.0 5.8£1.0 342+45
Stage 5 (n=10) 6.4+1.1 47+0.9 29.5+4.1
p-value <0.001 0.002 0.001

ANOVA test applied.

Correlation analysis revealed significant associations between oxidative stress markers and renal
function parameters (Table 5)

Table 5. Correlation of Oxidative Stress Markers with Renal Function Parameters (n = 46)

Variable Pair Correlation Coefficient (r) p-value
MDA vs Serum Creatinine 0.61<0.001
MDA vs eGFR -0.58/<0.001
SOD vs Serum Creatinine -0.46 0.002
SOD vs eGFR 0.49 0.001
GSH vs Serum Creatinine -0.52/<0.001
GSH vs eGFR 0.55<0.001

Pearson correlation analysis.
DISCUSSION

The present hospital-based observational study evaluated oxidative stress markers among patients
with chronic kidney disease (CKD) attending a tertiary care hospital in North India. The principal
findings demonstrated progressively increasing serum malondialdehyde (MDA) levels and
decreasing antioxidant defenses, represented by superoxide dismutase (SOD) and reduced glutathione
(GSH), with advancing stages of CKD. Furthermore, significant correlations were observed between
oxidative stress markers and renal function parameters, indicating that oxidative imbalance worsens
as kidney function declines.

Oxidative stress has been increasingly recognized as a central mechanism in the pathogenesis and
progression of CKD. The kidneys are particularly vulnerable to oxidative injury because of their high
metabolic activity and oxygen consumption. Accumulation of reactive oxygen species (ROS),
together with impaired antioxidant defense systems, contributes to inflammation, endothelial
dysfunction, fibrosis, and progressive nephron loss [4,5]. The findings of the present study support
this concept by demonstrating elevated oxidative stress and diminished antioxidant capacity in
patients with more advanced renal disease.
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The observed increase in serum MDA levels with advancing CKD stage is consistent with previous
studies that identified enhanced lipid peroxidation among patients with renal dysfunction.
Himmelfarb et al. reported increased oxidative stress burden in uremic patients, suggesting that
excessive ROS generation contributes substantially to cardiovascular and renal complications
associated with CKD [8]. Similarly, Daenen et al. described progressive oxidative damage in CKD
resulting from chronic inflammation, mitochondrial dysfunction, and accumulation of uremic toxins
[6]. The higher MDA concentrations observed in advanced disease stages in the present study may
therefore reflect increasing oxidative injury accompanying deterioration of renal function.

The decline in antioxidant markers, particularly SOD and GSH, observed in the present study also
agrees with existing literature. SOD serves as a primary enzymatic defense against superoxide
radicals, whereas GSH plays a critical role in detoxification of reactive oxygen intermediates.
Reduced levels of these antioxidants have been reported in CKD due to increased consumption,
impaired regeneration, and decreased synthesis [7]. Small et al. highlighted that depletion of
antioxidant reserves may further aggravate oxidative injury and accelerate progression of renal
disease [5]. The progressive reduction in SOD and GSH observed across CKD stages in this study
supports the hypothesis that antioxidant defense mechanisms become increasingly compromised as
renal dysfunction advances.

A notable finding of the present investigation was the significant correlation between oxidative stress
markers and renal function indices. Serum MDA demonstrated a positive association with serum
creatinine and a negative association with eGFR, whereas antioxidant markers exhibited the opposite
pattern. Similar observations have been reported by Duni et al., who noted that worsening kidney
function is associated with increased oxidative burden and reduced antioxidant activity, thereby
contributing to the elevated cardiovascular risk observed in CKD patients [7]. These findings suggest
that oxidative stress markers may serve as useful biochemical indicators of disease severity and
progression.

The demographic characteristics of the study population were also consistent with established
epidemiological trends. Most participants were middle-aged or elderly, and males constituted the
majority of cases. Hypertension and diabetes mellitus were the predominant comorbidities, reflecting
their well-recognized role as major contributors to CKD worldwide and in India [2,9,10]. The
coexistence of these conditions may further amplify oxidative stress through endothelial dysfunction,
chronic inflammation, and metabolic disturbances.

From a clinical perspective, the findings underscore the importance of monitoring oxidative stress in
patients with CKD. Identification of increased oxidative burden may facilitate risk stratification and
support the development of targeted therapeutic interventions aimed at reducing oxidative injury.
Although antioxidant-based therapies have shown variable results, improving oxidative balance
remains a promising strategy for slowing disease progression and reducing cardiovascular
complications [5]. Early recognition and management of factors contributing to oxidative stress may
therefore enhance overall patient outcomes.

The present study possesses several strengths. It evaluated both oxidant and antioxidant biomarkers,
allowing comprehensive assessment of oxidative status. In addition, the inclusion of patients across
different CKD stages enabled evaluation of trends according to disease severity. The study also
employed standardized laboratory methods and objective biochemical measurements.

However, certain limitations should be acknowledged. The relatively small sample size may limit
generalizability of the findings. The cross-sectional design precludes establishment of causal
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relationships between oxidative stress and CKD progression. Furthermore, the study was conducted
at a single tertiary care center, which may not fully represent the broader CKD population.
Longitudinal multicenter studies involving larger samples and additional oxidative stress biomarkers
are warranted to further clarify the prognostic significance of oxidative imbalance in CKD.

Overall, the findings of this study reinforce existing evidence that oxidative stress increases
progressively with worsening renal function and may play a substantial role in the pathophysiology
of chronic kidney disease.

CONCLUSION

This study demonstrated a significant association between oxidative stress and the severity of chronic
kidney disease. Patients with advanced stages of CKD exhibited higher levels of malondialdehyde,
indicating increased lipid peroxidation, along with lower levels of antioxidant markers such as
superoxide dismutase and reduced glutathione. Furthermore, oxidative stress markers showed
significant correlations with renal function parameters, suggesting that oxidative imbalance worsens
with progressive decline in kidney function.These findings support the role of oxidative stress as an
important pathophysiological mechanism in CKD and highlight its potential utility as a biochemical
indicator of disease severity. Routine assessment of oxidative stress biomarkers may contribute to
improved understanding of disease progression and aid in identifying patients at greater risk of
adverse outcomes. Further multicentric studies with larger sample sizes and longitudinal follow-up
are recommended to establish the prognostic value of oxidative stress markers and to evaluate the
potential benefits of therapeutic strategies aimed at reducing oxidative stress in patients with chronic
kidney disease.
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