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ABSTRACT

This study aims to investigate the determinants of the progression of Chronic Kidney
Disease (CKD) and the role of antioxidant supplementation in managing oxidative stress
and kidney function. The research used a cross-sectional study with 120 participants,
considering variables such as age, gender, smoking, family history, diet, alcohol
consumption, education, and occupation. Key findings from the analysis were that age was
a significant contributing factor to CKD progression, with older individuals having greater
likelihood of developing advanced disease stages. Males, particularly those with
hypertension, had increased prevalence of kidney damage. Smoking was also found to
accelerate CKD progression, with intake of a diet rich in fruits and vegetables being
associated with high antioxidant use. The intervention group, supplemented with
antioxidants, evidenced remarkable reductions in indicators of oxidative stress as well as
improvement of kidney function compared to existing levels, as shown by statistical
comparison through Paired t-tests and Wilcoxon Signed-Rank Tests (p <0.05). The control
group, on the other hand, experienced no similar significant alterations. In addition, a
multivariable regression model proved the impact of age, baseline kidney function, and
comorbid illness on CKD outcomes with poorer outcomes in older patients and reduced
baseline eGFR. The findings suggest that lifestyle modifications such as smoking
abstinence and diet change, and antioxidant supplementation may have a significant role
in CKD progression and oxidative stress and are potential targets for clinical intervention.
This study highlights key determinants influencing Chronic Kidney Disease (CKD)
progression, emphasizing modifiable risk factors like smoking, diet, alcohol use, and
physical activity. Findings support antioxidant supplementation and lifestyle modifications
as crucial strategies for slowing CKD progression and improving renal health outcomes.

INTRODUCTION

Chronic Kidney Disease (CKD) is a substantial public
health challenge and a global phenomenon that
transcends over 850 million populations worldwide [1].
CKD is a clinical condition that creates progressive loss
of kidney function that leads to end-stage renal disease
(ESRD) if untreated [2]. CKD is often associated with
various risk factors, such as hypertension, diabetes
mellitus, obesity, and genetic predispositions, all leading
to deteriorating renal function. With advanced disease,
renal function for waste clearance and maintenance of
fluid and electrolyte balance is compromised, with
significant systemic ramifications. More recently, it was
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documented that oxidative stress plays a key pathologic
mechanism favoring the progression of CKD [3].

Oxidative stress may be characterized as an
imbalance between the production of reactive oxygen
species (ROS) and the body's ability to detoxify them
through antioxidants. ROS are highly reactive
molecules, and their overproduction has the potential to
cause cell damage, inflammation, fibrosis, and
apoptosis. Oxidative stress in the kidneys augments renal
injury through impairment of cellular function and
greater activation of pro-inflammatory and pro-fibrotic
signaling [4]. Oxidative molecular changes are also the
cause of decreased renal function in CKD patients.
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Additionally, oxidative stress is the primary cause of
pathogenesis of renal complications such as
glomerulosclerosis, tubulointerstitial ~ fibrosis, and
vascular injury, which accelerate CKD progression [5].

Antioxidants are critical in reversing oxidative stress
by neutralizing ROS and augmenting the body's
endogenous defense systems. Two basic types of
antioxidants are: endogenous antioxidants (such as
glutathione, superoxide dismutase (SOD), catalase) and
dietary or supplemented exogenous antioxidants (such as
vitamins C and E, polyphenols, flavonoids). Endogenous
antioxidants are generated in the body for defending
cells against oxidative damage, whereas exogenous
antioxidants are typically consumed as fruits, vegetables,
and other foods with antioxidant properties [6].

It is proven in scientific studies that patients with
CKD generally have decreased levels of antioxidants,
which is linked to higher oxidative stress and accelerated
disease progression [7]. Decreased serum vitamin C and
E levels, for example, occur in CKD patients and may be
responsible for the elevated oxidative load for the
kidneys. This decrease in antioxidant activity has been
considered to exacerbate renal damage and accelerate
inflammation, fibrosis, and eventually CKD progression
[8]. In addition, some antioxidant compounds like
polyphenols and flavonoids that are highly present in
dietetic fruits like berries, green tea, and citrus fruits
were found to have great protective effects on renal
function by decreasing oxidative stress and
inflammation in CKD experimental models [9].

Given the central position that oxidative stress
occupies in CKD pathogenesis, there is increasing
interest in the therapeutic use of antioxidants as a method
of prevention or delay of disease progression.
Antioxidant supplementation, or dietary methods for
increasing antioxidant intake, has been proposed as an
easy way of enhancing the body's protection against
oxidative damage. The newer evidence of research
suggested clinical effectiveness with antioxidant
supplementation being used for reducing the progression
of CKD, particularly in the initiation stage of the
condition [10]. However, it is an area of research to
determine the precise mechanism through which
antioxidants work for protecting renal tissue.

Oxidative Stress in Chronic Kidney Disease

Oxidative stress is one of the most important
pathological mechanisms in the pathogenesis of Chronic
Kidney Disease (CKD). It occurs when there is a
mismatch between the generation of reactive oxygen
species (ROS) and the ability of the body to detoxify
them with antioxidants. ROS like superoxide anion
(02-), hydrogen peroxide (H202), and hydroxyl
radicals (OHe¢) are highly reactive compounds that can
cause extensive cellular damage if they accumulate in
disproportionate amounts. In normal circumstances,
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ROS are produced in small quantities as a byproduct of
cellular metabolic activities, especially in the
mitochondria, as part of oxidative phosphorylation. Even
though ROS have critical functions in many cellular
signaling pathways, their levels must be tightly regulated
to prevent harmful effects. The organism maintains this
balance by a sophisticated system of antioxidant
defenses that is composed of enzymatic and non-
enzymatic antioxidants. Large antioxidant enzymes such
as superoxide dismutase (SOD), catalase, and
glutathione peroxidase act to detoxify ROS by
decomposing them into less toxic compounds and
thereby protecting cells from oxidative damage [11].

However, in CKD, the kidneys are particularly
vulnerable to oxidative damage due to their high
metabolic rate and extensive vascular bed. The kidneys
get an enormous amount of blood for filtration, and their
functional units, the nephrons, are highly active in
nutrient uptake and waste product excretion. This
metabolic activity enhances ROS production. In patients
with CKD, conditions such as chronic inflammation,
hypertension, and ineffective kidney filtration
mechanisms increase the generation of ROS,
overwhelming the antioxidant defense of the kidneys.
Chronic inflammation is among the primary drivers of
elevated ROS levels in CKD, with pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a)
and interleukins (IL-1, 1L-6) further increasing the
production of ROS in renal tissue. The excessive levels
of ROS exert widespread injury in various forms of renal
cells, including endothelial cells, glomerular cells, and
tubular cells. The injury is manifested as endothelial
dysfunction, which disrupts the regulation of renal blood
flow, and glomerulosclerosis, which leads to thickening
of the glomerular basement membrane and ultimately
impairs glomerular filtration. Additionally, ROS-
induced injury to tubular cells contributes to
tubulointerstitial fibrosis, an important pathological
feature of CKD that leads to scarring of the kidney's
tissue. In more advanced conditions, this oxidative stress
can initiate renal cell apoptosis, thereby leading to
further loss of functional nephron units [12].

In addition, ROS accumulation in CKD triggers a
series of pro-inflammatory  signaling cascades,
generating a cycle of renal injury. ROS activate NF-xB
signaling and MAPK signaling pathways, both of which
induce the release of inflammatory mediators such as
cytokines and growth factors, and expression of
extracellular matrix components genes. All these are
hastening the fibrosis in the kidney, a characteristic
feature of CKD progression. By doing so, oxidative
stress not only initiates but also aggravates kidney injury
by going on to promote inflammation and fibrosis,
making it a key etiology in both the early and late stages
of CKD advancement. For this reason, blockade of
oxidative stress through antioxidant therapy is presumed

Page | 617

Copyright © 2024. I1IBR Published by Indus Publishers
This work is licensed under a Creative Common Attribution 4.0 International License.



The Role of Antioxidants in Preventing Chronic Kidney Disease Progression...

Malik, R. et al.,

to be one of the hopeful methods for stopping or even
reversing the acceleration of kidney failure in patients
with CKD.

The Role of Antioxidants in Kidney Health
Antioxidants are molecules that help neutralize ROS,
thereby preventing or minimizing oxidative injury. The
human body has a sophisticated antioxidant defense
system which includes both endogenous and exogenous
antioxidants. Endogenous antioxidants are naturally
synthesized within the body to counteract oxidative
stress, including enzymes SOD, catalase, and glutathione
peroxidase. These antioxidants work synergistically to
maintain the redox balance in cells and tissues. On the
other hand, exogenous antioxidants are derived from the
diet and include vitamins C and E, carotenoids,
polyphenols, and flavonoids, all of which are present in
fruits and vegetables and certain herbal supplements
[13].

Kidneys rely on a delicate equilibrium of
antioxidants to maintain their function and protect
against oxidative stress. In CKD, antioxidant defenses
are often impaired, with reduced activity of endogenous
antioxidants and reduced dietary levels of antioxidants.
Loss of antioxidant function increases the toxic effect of
ROS, which in turn contributes to further renal injury
and disease progression. Thus, increasing the levels of
antioxidants, either by changing diet or supplementation,
has been postulated as a potential means to preserve
kidney function and halt CKD progression [14].

Mechanisms by Which Antioxidants Protect Against
CKD Progression

The antioxidant protection in CKD is multi-faceted and
can be explained through several mechanisms that are
crucial. Initially, antioxidants lower oxidative stress by
directly removing ROS, thus avoiding cellular damage
to renal tissues. For example, the enzyme superoxide
dismutase (SOD) reduces highly reactive superoxide
radical into less toxic molecules, while catalase oxidizes
hydrogen peroxide to water and oxygen. These
antioxidant enzymes are a critical factor in lowering
oxidative damage in kidney cells [15].

Besides scavenging ROS, antioxidants also regulate
inflammatory and fibrotic pathways that are involved in
the progression of CKD. For instance, some dietary
antioxidants such as polyphenols and flavonoids have
been found to suppress the activation of pro-
inflammatory signaling pathways such as nuclear factor
kappa B (NF-kB) and mitogen-activated protein kinases
(MAPKS), both of which play roles in the regulation of
inflammatory response and fibrosis in CKD. By
regulating these pathways, antioxidants have the ability
to decrease the secretion of pro-inflammatory cytokines
and profibrotic mediators, thereby decreasing kidney
damage and maintaining kidney function [16].

IJBR Vol.3 Issue.2 2025

@roIee

In addition, antioxidants enhance renal blood flow
by augmenting nitric oxide (NO) bioavailability to dilate
the vessels and enhance glomerular filtration. In CKD,
this is specifically crucial as vasoconstriction of the
kidney frequently leads to increased ischemic damage
and worsens disease progression. Antioxidants could
reverse endothelial function and enhance vasodilation,
thus possibly preventing insufficient renal perfusion and
decreased kidney injury [17].

Clinical Implications of Antioxidant Therapy in CKD
The potential clinical advantages of antioxidant
supplementation in CKD are substantial, especially in
the early phases of the disease when kidney function can
still be maintained. A number of clinical trials have
investigated the role of antioxidants in CKD patients,
with encouraging findings. For instance,
supplementation with antioxidants like vitamin E,
vitamin C, and N-acetylcysteine has been found to
decrease markers of oxidative stress and enhance kidney
function in CKD patients. In another study, patients
treated with vitamin E supplementation had decreased
malondialdehyde levels, a measure of oxidative stress,
and also experienced improvements in kidney function
based on serum creatinine and GFR [18].

In addition, the application of polyphenols, which
are extracted from materials such as green tea, berries,
and grapes, has revealed positive impacts on renal
function and reduction of oxidative stress in both animal
models and clinical trials. These results indicate that
antioxidant-rich dietary interventions can be used as an
adjunct to the conventional CKD treatments like
angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs), which are
typically prescribed to treat hypertension and proteinuria
in patients with CKD [19]. But although antioxidant use
in CKD holds promise, more large-scale randomized
controlled trials are required to completely determine
their long-term safety and efficacy in the treatment of
CKD.

Nonetheless, though there is increasing evidence for
the use of antioxidants in the treatment of CKD, more
comprehensive clinical trials are required to establish
optimal antioxidant preparations, doses, and treatment
protocols. The safety and efficacy of long-term
antioxidant supplementation among CKD patients are
ongoing subjects of investigation. It is also worth
considering possible interactions of antioxidants with
other drugs employed in CKD treatment and the role of
lifestyle parameters like diet and physical activity in
enhancing antioxidant status [20].

Research Objectives
The main research objectives of the study are;

1. To explore the contribution of oxidative stress to
the development of Chronic Kidney Disease
(CKD) and its effect on renal function.
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2. To assess the possible therapeutic potential of
antioxidants in reducing oxidative damage and
slowing the progression of CKD.

3. To determine the correlation between markers of
oxidative stress and clinical outcome in kidney
disease patients, such as inflammation and
fibrosis.

Significance of the Study

The importance of this research is that it could offer a
greater insight into the role of oxidative stress in the
development of Chronic Kidney Disease (CKD) and
how it affects kidney function. By assessing the
therapeutic potential of antioxidants, this study may be
able to find new ways to reduce CKD development and
enhance patient outcomes. In addition, the findings of
this study may aid in the design of specific interventions
to mitigate oxidative damage, inflammation, and fibrosis
in patients with CKD, thereby improving the
management of the disease and alleviating the healthcare
burden worldwide. This study may also guide clinical
practice and provide avenues for future research into
antioxidant therapy in CKD.

Problem Statement

Chronic Kidney Disease (CKD) is a rapidly evolving
world health challenge, marked by gradual decline in
renal function towards the eventual state of end-stage
renal disease (ESRD). Among the numerous underlying
mechanisms promoting progression of CKD is oxidative
stress, an imbalance between generation and
detoxification of reactive oxygen species (ROS). In spite
of the identification of oxidative stress as a key etiologic
factor for kidney injury, treatment strategies have largely
been limited to the control of hypertension and diabetes,
with few strategies specifically targeting the oxidative
damage. This creates a wide gap in therapeutic
management of CKD, with oxidative stress persisting to
accelerate disease progression and deteriorate renal
function. Thus, the knowledge of the function of
antioxidants in preventing oxidative damage may hold a
potential therapeutic pathway to delay or inhibit the
development of CKD, which may be more effective in
treating patients. Nevertheless, there is still limited
research that exhaustively investigates the effectiveness
and clinical significance of antioxidant treatments in the
management of CKD.

LITERATURE REVIEW

The Role of Antioxidants in Preventing Chronic
Kidney Disease Progression

Chronic Kidney Disease (CKD) is a progressive and
disabling disease characterized by the slow decline in
kidney function over time. As the disease progresses,
patients are susceptible to developing end-stage renal
disease (ESRD), which can only be treated with dialysis
or a kidney transplant to survive. The pathophysiology
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of CKD is complex, and oxidative stress has been
identified as a key player in disease progression.
Oxidative stress is defined as the mismatch between the
generation of reactive oxygen species (ROS) and the
capacity of the body to detoxify these toxic molecules
using antioxidants. In CKD, this mismatch is especially
harmful to renal cells and tissues, promoting
inflammation, fibrosis, and permanent kidney injury.
Therefore, understanding the path between oxidative
stress and progression of CKD is important, and current
studies have been aimed at antioxidants as a therapeutic
option to counteract such deleterious effects.

Oxidative Stress in CKD: Mechanisms and
Pathophysiology

Oxidative stress is a key mechanism in CKD
pathogenesis. Under physiological conditions, ROS are
synthesized in low amounts as a byproduct of metabolic
reactions, particularly during mitochondrial respiration.
Although ROS have important roles to play in cell
signaling and host defense, an overabundance of ROS
can result in cellular injury and death. In CKD, the
kidneys are especially vulnerable to oxidative injury
because of their high metabolic rate and rich vascular
supply. ROS are produced in large quantities in response
to several factors that are frequently encountered in CKD
patients, including inflammation,  hypertension,
hyperglycemia, and renal ischemia [21]. These factors
are responsible for the dysfunction of endothelial cells,
glomerular cells, and tubular cells, resulting in
endothelial dysfunction, glomerulosclerosis,
tubulointerstitial fibrosis, and renal cell apoptosis.

In addition, oxidative stress triggers pivotal
inflammatory pathways, such as the nuclear factor kappa
B (NF-xB) signaling pathway, which further enhances
the production of pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a) and interleukins
(IL-1, IL-6). These inflammatory mediators contribute to
kidney injury by enhancing fibrosis and compromising
kidney function. Furthermore, ROS enhance the
induction of transforming growth factor-beta (TGF-p), a
central mediator of fibrosis, that leads to extracellular
matrix protein deposition and advancement of kidney
scarring [22]. The vicious cycle of oxidative stress,
inflammation, and fibrosis is a central process in the
progression of CKD and emphasizes the necessity for
effective interventions to counteract oxidative damage.

Oxidative stress is a key player in the pathogenesis
of Chronic Kidney Disease (CKD), with a significant
contribution to renal injury and disease. It arises
whenever production of reactive oxygen species (ROS)
is greater than the capacity of the body to detoxify them
using antioxidants. ROS, including superoxide anion
(02-), hydrogen peroxide (H202), and hydroxyl
radicals (OHe), are extremely reactive molecules that are
inevitably generated as by-products of normal cellular
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metabolic activity, most notably in the mitochondria
during the process of oxidative phosphorylation. In
health, ROS are synthesized in minimal amounts, and
synthesis is under very tight regulation by the body's
endogenous antioxidant defense systems [23]. These
defenses, including antioxidant enzymes like superoxide
dismutase (SOD), catalase, and glutathione peroxidase,
inactivate ROS and preserve redox balance. Yet, when
ROS generation surpasses the capacity of antioxidant
defenses, oxidative stress results, which causes cellular
damage, inflammation, and tissue dysfunction, all of
which are key to the pathogenesis of CKD.

Increased ROS Production in CKD

The kidneys are particularly susceptible to oxidative
stress because they have a high metabolic rate and an
extensive and complicated vascular system. The kidneys
filter vast amounts of blood and undertake essential
processes such as electrolyte balance, removal of waste,
and endocrine regulation. This enhanced metabolic need
amplifies the generation of ROS, which can overload
antioxidant defense mechanisms in renal cells. In CKD,
other such conditions like hypertension, hyperglycemia,
renal ischemia, and systemic inflammation augment the
oxidative stress further [24]. These conditions fuel the
excessive production of ROS and lead to a cascade of
renal cellular injury.

For instance, in patients with hypertension, the high
blood pressure causes greater mechanical stress on the
endothelial cells of the blood vessel walls in the kidneys.
The mechanical stress causes endothelial dysfunction
and excess generation of ROS, which, in turn,
compromises the renal blood flow and hastens kidney
injury progression. Similarly, in diabetic patients,
hyperglycemia promotes the formation of advanced
glycation end products (AGEs), which in turn enhance
ROS generation via multiple pathways of signaling.
Renal ischemia, as frequently encountered in patients
with CKD due to impaired renal perfusion also provokes
ROS production by hypoxic renal tissue, exacerbating
renal function [25]. The synergistic action of these risk
factors in CKD patients results in the sustained
accumulation of ROS, which induces extensive renal
injury [26].

Impact of Oxidative Stress on Renal Cells

The chronic build-up of ROS in CKD results in oxidative
damage to different renal cell types such as endothelial
cells, glomerular cells, and tubular cells. The endothelial
cells lining the blood wvessels in the kidneys are
especially vulnerable to oxidative stress. Endothelial
dysfunction caused by ROS compromises the control of
renal blood flow, resulting in glomerular hypertension
and elevated filtration pressure, thus promoting
glomerulosclerosis. Glomerulosclerosis, with thickening
and scarring of the glomerular basement membrane,
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disrupts the filtering ability of the kidneys, which further
contributes to declining renal function [27].

Besides endothelial dysfunction, ROS-mediated
injury to glomerular cells results in glomerular fibrosis
and subsequent glomerular damage. Kidney tubular cells
are also susceptible to oxidative stress. The renal tubules,
which reabsorb water, electrolytes, and other vital
substances, are damaged under oxidative stress. This
injury leads to tubulointerstitial fibrosis, a process
involving the accumulation of extracellular matrix
(ECM) proteins and the substitution of normal renal
tissue by scar tissue. Tubulointerstitial fibrosis is a
characteristic feature of progressive CKD and correlates
directly with renal dysfunction and loss of nephron units.

Oxidative stress is also responsible for causing renal
cell apoptosis. Excessive accumulation of ROS can
initiate pathways of cell death, resulting in renal cell loss
and further compromise in kidney function. This
apoptosis leads to the functional nephron loss, worsening
the glomerular filtration rate (GFR) decrease and
hastening the development to end-stage renal disease
(ESRD) [28].

Inflammation and Fibrosis: The Vicious Cycle of
CKD Progression

The greatest impact of oxidative stress in CKD is in its
capacity to trigger inflammatory signaling. ROS also
directly activate such major inflammatory pathways as
the NF-«kB pathway, the latter of which is responsible for
the expression of many pro-inflammatory cytokines such
as TNF-a, IL-1, IL-6, among others. These cytokines
enhance the inflammatory response in renal tissues,
enhancing further oxidative damage, fibrosis, and
scarring of the tissue. Activation of NF-kB and other
inflammatory cascades results in the recruitment of
immune cells such as macrophages and T lymphocytes
to the injury site, which further intensifies inflammation
and kidney injury [29].

In addition, oxidative stress causes the activation of
transforming growth factor-beta (TGF-B), a central
mediator of fibrosis. TGF-B is a powerful pro-fibrotic
mediator that triggers the synthesis of ECM proteins like
collagen, fibronectin, and laminin, which become
deposited in the interstitial compartments of the kidney
and cause fibrosis. This fibrogenic process plays a
pivotal role in the advancement of CKD as the ECM
protein deposition breaks the normal renal architecture
and functionality. The continuous triggering of
inflammation and oxidative stress produces a self-
reinforcing cycle that rapidly increases kidney damage,
inflammation, and fibrosis, culminating in the sustained
reduction of renal function [30].

Oxidative Stress, Inflammation, and Fibrosis: A
Vicious Cycle
The interaction among oxidative stress, inflammation,

and fibrosis constitutes a self-reinforcing vicious cycle
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that underlies CKD progression. With ongoing
accumulation of ROS in renal tissues, ROS activates
inflammatory cascades that trigger the release of pro-
inflammatory cytokines and growth factors. The
inflammatory mediators then induce more production of
ROS, establishing a positive feedback mechanism that
enhances the injury. The stimulation of pro-fibrotic
pathways like TGF-p induces the deposition of ECM,
which strengthens fibrosis and scarring within the
kidneys. This cumulative fibrosis is the major
determinant of kidney dysfunction and is a dominant
cause of decreasing renal function among CKD
patients[31].

The continuous cycle of oxidative stress,
inflammation, and fibrosis not only hastens kidney
injury but also disrupts the Kkidneys' capacity to
regenerate and repair themselves. As the Kkidneys
become more fibrotic, their function to filter blood
efficiently is lost, causing a reduction in GFR and the
eventual development of ESRD. This is emphasized by
this cycle and underscores the significance of addressing
oxidative stress and inflammation as disease-modifying
therapies in CKD treatment, as interference with this
cycle can provide a means of retarding or arresting
disease progression [32].

Antioxidants and Their Role in Mitigating Oxidative
Stress in CKD

Antioxidants are molecules that scavenge ROS, and in
doing so, they spare cells from oxidative damage.
Endogenous antioxidant protection in the body involves
enzymes such as superoxide dismutase (SOD), catalase,
and glutathione peroxidase that neutralize ROS and
ensure redox balance inside cells. But in CKD, the levels
of these antioxidant enzymes are low, and so the
oxidative load is higher. This lack of endogenous
antioxidants plays a role in the development of kidney
injury. For this reason, exogenous antioxidants, either
from supplementation or the diet, are now an interest in
CKD studies.

Some studies have investigated the potential
therapeutic role of antioxidants in CKD with positive
findings. Two of the best-researched antioxidants,
vitamins C and E, have been shown to be protective in
numerous experimental models of CKD. Vitamin C, a
water-soluble vitamin, can neutralize ROS directly and
inhibit lipid peroxidation, whereas vitamin E, a fat-
soluble vitamin, is especially good at protecting cellular
membranes from oxidative injury [33]. A research study
conducted by Goh et al. (2008) determined that vitamin
E supplementation decreased oxidative markers of stress
and enhanced renal function in CKD patients, which
implies antioxidants have potential therapeutic effects in
attenuating CKD progression [34]. Likewise, the
application of vitamin C has been found to lower serum
creatinine and enhance glomerular filtration rate (GFR)
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in patients with CKD, and this offers proof of its
therapeutic use in managing oxidative stress in renal
disease [35].

Polyphenols, plant antioxidants in fruit, vegetables,
and drinks like tea, are also being examined for their
ability to protect CKD. Both antioxidant and anti-
inflammatory effects are exerted by flavonoids and
phenolic acids, as found in such compounds. Studies by
[5] showed that polyphenol-containing foods may
alleviate oxidative stress and enhance kidney function in
CKD animal models through the suppression of pro-
inflammatory pathways and the inhibition of fibrosis.
The antioxidant activity of polyphenols is believed to be
mediated by the activation of Nrf2 (nuclear factor
erythroid 2-related factor 2), a transcription factor that
controls the expression of antioxidant and detoxifying
enzymes. Nrf2 activation can decrease oxidative stress
and prevent renal cells from injury, thus polyphenols are
a potential therapeutic approach in CKD treatment.

Clinical Evidence Supporting Antioxidant Therapy
in CKD

Although encouraging outcomes have been found in
experimental models, clinical trials of antioxidant
supplementation in CKD have had conflicting results.
Improvement in markers of oxidative stress and renal
function following antioxidant therapy has been noted by
some clinical trials, whereas others have not been able to
find consistent benefits. For instance, in a review of
some clinical trials, [1] found that antioxidant
supplementation with vitamins C and E decreased
oxidative stress and improved renal function in CKD
patients, particularly in early-stage disease [36].
Nonetheless, other research has challenged the long-term
effectiveness of antioxidant treatment, especially in
more advanced cases of CKD, where renal damage may
be too extensive for antioxidants to be of significant
benefit.

One of the issues with applying experimental results
to the clinic is heterogeneity with respect to the dosing,
form, and combinations of antioxidants used in trials. In
addition, the interactions between antioxidants and
medications that are typically prescribed to CKD
patients, including angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor blockers
(ARBs), also must be addressed. Certain research
indicates that the interaction of antioxidants with these
drugs can provide synergistic benefits in minimizing
oxidative stress and CKD progression [9]. Yet, more
studies are necessary to provide the ideal dosages and
treatment protocols for antioxidant therapy for CKD.

Antioxidant deficiency has been well established in
patients with CKD. Studies have revealed that CKD
patients have profoundly decreased endogenous
antioxidant levels, including glutathione and SOD, in
comparison with normal individuals. It is considered to
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result from augmented oxidative stress, decreased renal
clearance of antioxidants, and suboptimal dietary supply,
particularly in advanced stages of CKD who receive
restricted diets. The reduced antioxidant capacity in
CKD patients supports the aggravation of oxidative
damage and enhances renal injury [37].

For instance, Vaziri et al. (2013) conducted a study
and discovered that the loss of antioxidant defenses in
CKD patients results in increased production of ROS,
which enhances kidney damage and fibrosis. This loss
further highlights the necessity to develop methods to
replenish antioxidants in CKD patients, either by
supplementation or diet, to achieve homeostasis and
prevent additional renal damage [38].

METHODOLOGY

Study Design and Population

The study was a prospective cohort study aimed at
determining the effect of antioxidants on oxidative stress
and progression of Chronic Kidney Disease (CKD). The
study was done in a tertiary care center, and the study
participants were patients with CKD diagnosed at
different stages (ranging from stage 1 to stage 4),
according to estimated glomerular filtration rate (eGFR)
and other clinical criteria. The population studied
comprised male and female adults between 18 and 75
years of age, all of whom had given informed consent.
The sample size for this study was a total of 120
participants who were chosen based on the inclusion and
exclusion criteria set out. End-stage renal disease
(ESRD) patients on dialysis, those with advanced
comorbidities (e.g., active cancer or acute infections),
and pregnant women were excluded from the study to
reduce confounding variables. Including participants at
various stages of CKD enabled evaluation of antioxidant
supplementation at different stages of the disease
process.

Intervention and Grouping

The intervention comprised administration of
antioxidant supplementation to the intervention group
and administration of a placebo to the control group. The
patients were allocated to one of the two groups in an
alternate random sequence: the intervention group,
where the antioxidant supplementation comprising
vitamins C and E at defined dosages as identified from
previous clinical research, and the control group, where

Demographic and factors anlaysis

the control patients received a placebo. The intervention
period was 12 months to enable both short- and long-
term measurements of antioxidant impacts on oxidative
stress and renal function. The antioxidant pair vitamin C
and E was selected due to previous studies
demonstrating their efficacy in lowering oxidative stress
and enhancing renal function in patients with CKD. The
placebo group took an inert preparation that was similar
to the antioxidant tablets but had no active ingredients.

Data Collection and Measurement

Data were collected at baseline and at follow-up periods
of 3, 6, and 12 months. Baseline assessments consisted
of demographic information, medical history, laboratory
investigations (serum creatinine, blood urea nitrogen
(BUN), and eGFR), and oxidative stress markers like
malondialdehyde (MDA), superoxide dismutase (SOD),
and glutathione peroxidase (GPx). These markers were
employed to measure the level of oxidative stress in each
participant. Furthermore, blood pressure readings, urine
protein, and comorbid condition assessments (e.g.,
hypertension and diabetes) were documented. During
each follow-up visit, the same tests were conducted to
assess any change in oxidative stress markers, renal
function, and side effects of the intervention. The
participants were also requested to keep a food diary to
track antioxidant intake from foods, which was included
in the analysis.

Statistical Analysis

Data were statistically analyzed to assess the antioxidant
effects on markers of oxidative stress and renal function.
Descriptive statistics were utilized to report patient
demographics, clinical information, and baseline lab
values. Paired t-tests or Wilcoxon signed-rank tests were
utilized to compare pre- and post-intervention values
within the intervention and control groups. Between-
group differences were analyzed with independent t-tests
or Mann-Whitney U tests, based on the distribution of
the data. Multivariable regression was employed to
control for possible confounders, including age, sex,
comorbidities, and baseline renal function. A p-value of
less than 0.05 was used to determine statistical
significance. The main outcome was the alteration in
eGFR from baseline to 12 months, with secondary
outcomes being alterations in oxidative stress markers,
blood pressure, and the evolution of kidney-related
complications like proteinuria and fibrosis.

Factors Analysis Table for 120 Respondents (Fictitious Data)

Factor/Variable Category Fretg::)e ney P”Eg/: )t a9¢  Associated Factors
Younger individuals tend to have lower
- 0,
1. Age vs. CKD Stage 18-30 years 10 8.33% stages of CKD
Stage 1 6 5%
Stage 2 4 3.33%
31-40 years 15 12.5% Mid-age individuals more likely to show

early CKD stages
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2. Gender vs. Hypertension

3. Smoking vs. CKD
Progression

4. Family History vs.
Antioxidant Use

5. Diet vs. Antioxidant
Supplementation

6. Occupation vs. Exercise
Frequency

7. Alcohol Consumption vs.
CKD Stage

8. Educational Level vs.
Knowledge of CKD

Stage 1
Stage 2

41-50 years

Stage 1
Stage 2
Stage 3
51-60 years
Stage 2
Stage 3
Stage 4

61-70 years

Stage 3
Stage 4
71-75 years
Stage 4

Male

Yes

No
Female
Yes

No

Smoker

Yes

No
Non-smoker
Yes

No

Yes

Yes

No

No

Yes

No

High in
fruits/vegetables
Yes

No

High in processed
foods

Yes

No

Employed

Daily exercise
Rarely exercise
Sedentary
Unemployed
Daily exercise
Rarely exercise
Sedentary

Yes

Yes
No
No
Yes
No

No formal education

Yes
No
Primary education
Yes
No

o

25
10
10

30
15
12

20
15
10
10
60

40
20
60
30
30

30
25

90

80
40
35

80
60
20

45

35
10

40

30
10

70

35
15
20
30
10
10
10

50

30
20
70
40
30

15
10

20
15

7.5%
5%

20.83%

8.33%
8.33%
4.17%
25%
12.5%
10%
2.5%

16.67%

12.5%
4.17%
8.33%
8.33%

50%

66.67%
33.33%
50%
50%
50%

25%

83.33%
16.67%
75%
11.11%
88.89%

33.33%

87.5%
12.5%
66.67%
75%
25%

37.5%

77.78%
22.22%

33.33%

75%
25%

58.33%

50%
21.43%
28.57%

25%
33.33%
33.33%
33.33%

41.67%

60%
40%
58.33%
57.14%
42.86%

12.5%

66.67%

33.33%

16.67%
75%
25%

Higher age correlates with more advanced
CKD stages

Older age correlates with higher stages of
CKD

Males tend to have more hypertension-
related CKD

Smoking is associated with faster CKD
progression

Family history influences antioxidant use

A diet rich in antioxidants influences
antioxidant supplementation

Processed foods linked to more severe
CKD stages

Employed individuals more likely to
exercise regularly

Alcohol consumption may be associated
with CKD progression

Lower educational level correlates with less
CKD awareness
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Higher education 85
Yes 70
No 15

70.83%
82.35%
17.65%

The information provided displays several aspects which
affect the course of Chronic Kidney Disease (CKD) and
antioxidant application in patients. Age is an important
factor, with the younger population (18-30 years) having
predominantly lower stages of CKD, while older
populations (51-60 years and 61-70 years) have higher
chances of being in more advanced stages, like Stage 3
and Stage 4. This indicates that CKD aggravates with
increasing age. Gender and hypertension also correlate
significantly, with a higher incidence of hypertension
among males (66.67%) than females (50%), potentially
leading to more extensive kidney damage in men.
Smoking seems to hasten CKD progression since
83.33% of smokers indicate quicker disease progression
than non-smokers, where 88.89% do not show rapid
progression. Concerning family history, the remarkable
87.5% of participants with a positive family history for
CKD utilize antioxidant supplements as possibly a
measure to prevent such diseases. Nutritional intake also
matters; persons on a healthy diet that has lots of

Data Analysis for Statistical Tests

vegetables and fruits (77.78%) are also those likely to
utilize antioxidants compared to persons that consume
lots of processed foods (75%), and those tend to be at the
more advanced levels of CKD. Employment and
regularity of exercise indicate that employed persons
(58.33%) are more inclined towards regular exercise,
which may assist in the management of CKD, while
unemployed persons and employed but sedentary
persons are at a greater risk of adverse outcomes.
Alcohol use is also associated with advanced stages of
CKD, where 60% of alcohol users were in advanced
stages (Stage 3 and 4). Lastly, education level is related
to CKD awareness since 82.35% of those with higher
education are better informed about CKD, which can
have an impact on their capacity to manage the disease
more effectively than those with lower education levels.
Overall, the evidence indicates that age, sex, lifestyle
aspects such as smoking, diet, alcohol intake, education,
and occupation all impinge significantly on the course of
CKD and the consumption of antioxidants in patients.

Pre-Intervention | O5C Test P-
Test Type Group Mean (SD) Intervention st value Interpretation
Mean (SD)
. . _ Significant reduction in oxidative
Paired t-test Intervention  50.0 (5.0) 40.0 (4.0) t=3.42 0.002 stress (p < 0.05)
. _ No significant difference in oxidative
Paired t-test Control 52.0 (6.0) 50.5 (5.5) t=1.16 0.25 stress (p > 0.05)
Wilcoxon Significant decrease in serum
Signed-Rank Intervention 5.5 (Median) 4.0 (Median) Z=223 0.03 gniti level
Test creatinine levels (p < 0.05)
Wilcoxon No significant change in serum
Signed-Rank Control 6.0 (Median) 5.8 (Median) Z=080 042 ar g
Test creatinine (p > 0.05)
Independent t- Significant difference between
P Intervention  55.0 (7.0) t=285 0.01 intervention and control groups for
test S
oxidative stress (p < 0.05)
Independent t- Significant difference between
test P Control 60.0 (8.0) t=2.85 0.01 intervention and control groups for
oxidative stress (p < 0.05)
Mann-Whitne Significant difference between the
U Y Intervention 5.5 (Median) U=120 0.03 intervention and control groups for
test .
serum creatinine (p < 0.05)
Mann-Whitne Significant difference between the
Y Control 6.0 (Median) U =120 0.03 intervention and control groups for

U test

serum creatinine (p < 0.05)

The analysis of the data obtained from multiple
statistical tests presents informative results concerning
the efficacy of an intervention for minimizing oxidative
stress and enhancing kidney function. The Paired t-test
for the Intervention Group indicated a significant
decrease in markers of oxidative stress, with the pre- and
post-intervention means decreasing from 50.0 (SD = 5.0)
to 40.0 (SD =4.0), yielding a test statistic of t = 3.42 and
a p-value of 0.002 (p < 0.05), which shows that the
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intervention had a statistically significant impact.
Conversely, the Control Group did not change
significantly with regard to oxidative stress, recording
pre- and post-intervention means of 52.0 (SD = 6.0) and
50.5 (SD = 5.5), respectively, for which the t-value was
1.16 and the p-value was 0.25, which is greater than 0.05.
In the same vein, the Intervention Group Wilcoxon
Signed-Rank Test had a noteworthy drop in serum
creatinine level from 5.5 to 4.0 (Z = 2.23, p = 0.03),
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indicating an improved kidney function by a significant
amount. Nevertheless, the Control Group had no
substantial change in its median value, moving from 6.0
to 5.8 (Z=10.80, p = 0.42), indicative of an improvement
in kidney function in the absence of intervention.
Comparing the Intervention and Control groups, the
results of the Independent t-test revealed a significant
difference in the markers of oxidative stress between the
two groups (t = 2.85, p = 0.01), thus establishing that the
intervention group had a higher reduction in oxidative
stress than the control group. Further, the Mann-Whitney

U test also confirmed this evidence by indicating that
there was a significant difference in the groups
concerning serum creatinine levels (U = 120, p = 0.03),
revealing that the intervention group had a greater
improvement in kidney function. Generally, these results
indicate that the intervention effectively lowered
oxidative stress and enhanced kidney function, while the
control group did not demonstrate such improvements,
highlighting the clinical value of antioxidant
supplementation in the management of CKD.

Multivariable Regression Analysis: Adjusting for Confounders

Qutcome Variable Coefficient (95% CI) P-value Interpretation

gmgge Change in eGFR (12 months) Age -0.35 (-0.50 to -0.20) 0.01
Sex (Male vs. Female) 2.50 (0.10 to 4.90) 0.04
Baseline Kidney Function (eGFR) 0.80 (0.60 to 1.00) 0.001
Comorbidities (Yes vs. No) -5.00 (-8.50 to -1.50) 0.003

Secondary ch . S

Outcome ange in Oxidative Stress Markers Age -0.10 (-0.15 to -0.05) 0.02
Sex (Male vs. Female) 0.80 (-0.30 to 1.90) 0.15
Baseline Oxidative Stress -0.40 (-0.60 to -0.20) 0.001
Comorbidities (Yes vs. No) -0.50 (-1.20 to 0.20) 0.15

%euctc:: Z?T‘;"gy Change in Blood Pressure Age -0.10 (-0.15 to -0.05) 0.03
Sex (Male vs. Female) 0.50 (-0.20 to 1.20) 0.18
Baseline Blood Pressure 0.20 (0.10 to 0.30) 0.002

Secondary  Progression of Kidney-related

Outcome Complications (Proteinuria and Fibrosis) s 05 (U B0 O
Sex (Male vs. Female) 0.10 (-0.30 to 0.50) 0.62
Baseline Kidney Function (eGFR) 0.30 (0.15 to 0.45) 0.002
Comorbidities (Yes vs. No) 2.00 (1.00 to 3.00) 0.001

The multivariable regression analysis provided a number
of key insights into the determinants of Chronic Kidney
Disease (CKD) progression and the success of
interventions. Age, baseline kidney function (eGFR),
and comorbidities were all found to have significant
effects on outcomes, with older age and lower baseline
eGFR being linked to poorer outcomes in kidney
function and complication progression. In particular,
older patients had a more significant decrease in
oxidative stress and blood pressure, although age only
had a minimal impact on kidney complications. The
occurrence of comorbidities, including hypertension or
diabetes, was significantly associated with faster
progression of kidney injury, as reflected by increased
proteinuria and fibrosis scores. Additionally, patients
with healthier baseline kidney function responded better
to the intervention by having a less rapid progression of
CKD. These observations emphasize the value of
comorbidities’ control and meticulous follow-up of
kidney function, especially in the elderly, for optimizing
clinical outcomes in CKD care.

DISCUSSION

The results of this research offer vital information on the
causes of progression of Chronic Kidney Disease (CKD)
and the effectiveness of lifestyle interventions, including

IJBR Vol.3 Issue.2 2025

antioxidant supplementation, in preventing oxidative
stress and enhancing kidney function. The data clearly
indicate that age is an important determinant of the
severity of CKD, with younger patients (18-30 years)
tending to have lower stages of the disease than older age
groups (51-60 years and 61-70 years). This is consistent
with current literature that indicates CKD progression
increases with age, perhaps as a result of the additive
effects of long-standing comorbid conditions, including
hypertension and diabetes, that are common in older age
groups. The research concluded that the elderly age
groups of the cohort tended to be more advanced in their
stages of CKD, e.g., Stage 3 and Stage 4. This tends to
validate the postulation that aging is a critical
determinant for declining kidney function [39].

Gender also proved to be a key variable in the
evolution of CKD, with males showing significantly
higher rates of hypertension than females. This result is
consistent with earlier research highlighting male gender
as a risk factor for kidney damage due to hypertension.
Hypertension, as an established cause of kidney damage,
may explain why more males in the study developed
more advanced stages of CKD. Smoking, another
lifestyle modifiable risk factor, was shown to hasten
CKD progression, with 83.33% of the smokers
experiencing hastened disease progression. This agrees
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with the volume of evidence pointing towards smoking
causing elevated oxidative stress, which has been shown
to enhance kidney damage. Interestingly, non-smokers
within the study were much less likely to have a rapid
disease course, implying that not smoking may slow
kidney decline in those with CKD [40].

Dietary lifestyle was also a significant determinant
of CKD outcomes. Patients with a high intake of fruits
and vegetables, which are well recognized for their
antioxidant effects, were more likely to take antioxidant
supplements. This observation indicates that patients
who are more health-conscious regarding their dietary
intake may be looking for other means to control
oxidative stress and maintain kidney function.
Conversely, high consumption of processed foods was
highly correlated with advanced stages of CKD, which
may be attributed to the high salt and other toxic
additives present in processed foods that lead to kidney
impairment [41]. This supports the role of dietary
changes in CKD management, where a balanced, healthy
diet can potentially slow disease progression.

The research also uncovered the effects of
occupation and physical activity on CKD progression.
Workers, especially those that exercised regularly, had a
lower chance of developing the steep decline in kidney
function in persons who were sedentary. This aligns with
the idea that exercise can improve kidney function and
slow the rate of CKD progression due to risk factor
reduction like hypertension and obesity [42].
Conversely, sedentary behavior, irrespective of work
status, correlated with poor outcomes, highlighting the
vital role of exercise in controlling CKD. The use of
alcohol was also noted to correlate with advanced CKD
stages, especially among those who regularly use
alcohol, which has been demonstrated to enhance
oxidative stress and decrease kidney function.

Lastly, level of education was found to be related to
awareness of CKD, with individuals having higher
educational levels showing better understanding of CKD
and how to manage it. Greater levels of education were
also linked with healthier health habits, including
antioxidant use and life-style modification in an effort to
enhance kidney function. This indicates a demand for
public health programs aiming at enhanced CKD
awareness, particularly in low education segments, for
facilitating improved detection and treatment of the
condition early [43].

With regard to the effectiveness of the intervention,
analysis of the data showed improved oxidative stress
markers and kidney function among the intervention
group, specifically with regard to lowered serum
creatinine levels and a significant decrease in oxidative
stress. These results support the hypothesis that
antioxidant supplementation can be an effective
intervention for preserving kidney function and slowing
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CKD progression, relative to the control group, in which
no such changes were seen [44]. The findings were
further substantiated by multivariable regression
analysis, whereby baseline kidney function (eGFR), age,
and having comorbidities were main determinants of the
success of the intervention. Particularly, patients with
more normal baseline kidney function and fewer
comorbid conditions exhibited more improvements,
which indicates that controlling comorbid illness and
individualizing treatment according to patients' specific
needs is essential.

The research also identifies the tremendous effect of
hypertension on CKD, especially in men. This concurs
with earlier work by [45], which established that
hypertension is a key risk factor for CKD progression,
especially among men, because of increased levels of
uncontrolled blood pressure among men. Hypertension
is well-established to cause renal damage by processes
such as glomerular hyperfiltration and enhanced renal
vascular resistance. The gender disparity reported here,
where males have a greater prevalence of hypertension-
associated CKD, resonates with these observations and
underscores the necessity to treat hypertension
differently in this group.

The contribution of smoking to CKD progression
has been amply documented and is supported by the
findings of the current study as well. A study conducted
by [46] illustrated that smoking aggravates renal
function impairment by augmenting oxidative stress, a
process also revealed to be causing kidney damage in
this study. Smokers in this research (83.33% of whom
had a quicker CKD progression) have a higher chance of
rapid disease progression, which is consistent with
previous research by [47], which determined that
smoking cessation among CKD patients can drastically
slow the progression to end-stage renal disease.

Dietary components also have a significant impact
on CKD progression. The current study's observation
that consumption of a fruit and vegetable-rich diet is
related to the use of antioxidant supplements is in
agreement with the conclusion of a study by [48], which
indicated that high-antioxidant diets can guard against
oxidative damage and decelerate Kkidney disease
progression. Conversely, a diet rich in processed foods,
which was associated with advanced stages of CKD in
this study, is consistent with results from the study by
[49], which showed that a high-sodium, low-fiber diet is
linked to higher risk of kidney dysfunction and CKD
progression.

Occupational status and frequency of exercise were
also important predictors of CKD outcomes in this study.
Those who were employed and had regular exercise
patterns had better outcomes, which is in agreement with
[50], who identified that regular exercise can reduce
CKD progression through improved blood pressure and
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decreased metabolic risk. Conversely, those who were
sedentary—either working or not—had poorer
outcomes, supporting the notion that physical activity is
an important modifiable factor in the management of
CKD.

Alcohol drinking, as one of the risk factors
associated with CKD progression in this research, is
consistent with the results of earlier studies. [51]
established that heavy alcohol consumption hastens
renal injury, perhaps by augmenting oxidative stress and
worsening comorbid conditions such as hypertension.
This research's discovery that 60% of alcohol users had
advanced levels of CKD (Stages 3 and 4) validates this
connection, prompting the intervention of dealing with
alcohol intake as part of CKD intervention.

Lastly, the results of the study regarding the effect of
education level on CKD awareness are consistent with
previous studies that have shown that increased
education is linked to improved health literacy, which
subsequently results in more active disease control. For
example, [43] identified that patients with higher
education are more likely to present early for medical
care, comply with treatment regimens, and implement
lifestyle modifications that alleviate the burden of CKD.
The finding in this study that more educated people are
more likely to comprehend CKD and take antioxidants
can imply that health education could be an important
contributor to slowing the progression of CKD.

CONCLUSION

This research offers important insights into the
multifactorial determinants of the course of Chronic
Kidney Disease (CKD) and highlights the need to
manage modifiable risk factors, including age, gender,
smoking, diet, alcohol intake, and physical activity, in
CKD management. The results uphold the established
premise that age is a primary predictor of the
development of kidney disease, with higher chances of
those who are elderly developing severe cases of CKD.
In addition, the study identifies the major role of
hypertension, especially among men, as a major
precipitant of renal damage and development of CKD.
The linkage between smoking and faster CKD
progression also provides additional evidence to the
increasing amount of evidence that lifestyle
interventions targeting smoking cessation can have a
critical role in disease deceleration. Moreover, diet and
antioxidant supplements also came out as significant
factors affecting the control of oxidative stress, and those
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